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In April 2014, a kidney transplant recipient in the United 
States experienced headache, diplopia, and confusion, fol-
lowed by neurologic decline and death. An investigation to 
evaluate the possibility of donor-derived infection determined 
that 3 patients had received 4 organs (kidney, liver, heart/
kidney) from the same donor. The liver recipient experienced 
tremor and gait instability; the heart/kidney and contralateral 
kidney recipients were hospitalized with encephalitis. None 
experienced gastrointestinal symptoms. Encephalitozoon 
cuniculi was detected by tissue PCR in the central nervous 
system of the deceased kidney recipient and in renal allograft 
tissue from both kidney recipients. Urine PCR was positive 
for E. cuniculi in the 2 surviving recipients. Donor serum was 
positive for E. cuniculi antibodies. E. cuniculi was transmitted 
to 3 recipients from 1 donor. This rare presentation of dis-
seminated disease resulted in diagnostic delays. Clinicians 
should consider donor-derived microsporidial infection in 
organ recipients with unexplained encephalitis, even when 
gastrointestinal manifestations are absent.

Each year in the United States, ≈30,000 solid organ trans-
plants are performed (1). It is estimated that 0.3%–2.0% 

of transplants may be complicated by donor-derived infec-
tion, most commonly of bacterial or viral origin (2–4). Para-
sitic and fungal infections, including microsporidiosis, make 
up a minority of donor-derived infections (2–4). Maintaining 
a high index of suspicion for donor-derived infection in solid 
organ transplant recipients and prompt investigation of illness 
suspected to be donor derived are critical because multiple 
recipients often receive solid organs from a common donor. 
Thus, identification of donor-derived infection in 1 recipient 
has consequences for the clinical care of the other recipients.

Potential donor-derived disease transmission events 
are reported to the Organ Procurement and Transplantation 
Network (https://optn.transplant.hrsa.gov/) per policy and 
reviewed by the Network’s ad hoc Disease Transmission 
Advisory Committee, which categorizes each by the like-
lihood of disease transmission. Through representation on 
this advisory committee, the Centers for Disease Control 
and Prevention (CDC), with support from state and local 
health departments, leads investigations of select cases of 
public health importance. In April 2014, CDC was notified 
of a renal transplant recipient hospitalized with signs and 
symptoms of encephalitis (Figure 1). Postmortem testing 
revealed infection with microsporidia, and concern was 
raised for donor-derived central nervous system (CNS) 
infection. We conducted an investigation to 1) identify 
other ill recipients from the common donor, 2) determine 
whether the illness was donor derived, and 3) make treat-
ment recommendations for the surviving recipients.

Methods
Medical records from the organ donor and all recipients 
were reviewed to describe clinical course, diagnostic  

testing, and event timelines. Epidemiologic investigation 
identified other ill recipients. The donor’s next of kin were 
interviewed to ascertain potential risk factors for infectious 
diseases, including microsporidiosis. Because this investi-
gation was considered a public health emergency, it was 
not subject to institutional review board approval. 

A serum sample from the organ donor and available 
specimens from all recipients were sent to CDC for further 
testing to identify an infectious etiology. These tests in-
cluded histopathology, in vitro culture immunohistochem-
istry (IHC), PCR, and transmission electron microscopy. 
Serum immunofluorescence antibody testing (IFA) was 
performed on available serum samples.

Cell Culture and Serum Testing
We inoculated recipient urine specimens onto monkey kid-
ney cells (Vero E6) and human embryonic lung fibroblasts 
by using established methods (5). Cultures were treated 
with 2% sodium dodecyl sulfate and passaged to elimi-
nate cytomegalovirus. For IFA, Encephalitozoon cuniculi 
reference strain cultures were suspended in phosphate-
buffered saline (PBS) at a concentration of 108 spores/
mL. We added 10 µL of this suspension to each well (106 
spores/well), allowed the slides to air dry, and stored them 
at -80°C before use.

Serum samples were diluted 1:2 in 25 µL PBS along 
with previously established positive (titer 1:4,096) and 
negative (titer 1:32) control serum obtained from the CDC 
free-living amebic infections laboratory. The serum sam-
ples were then diluted to 1:4,096 by 2-fold dilution. We 
added 10 µL from each dilution to the wells of the previ-
ously made E. cuniculi IFA slides, which were then incu-
bated at 37°C for 30 min. The slides were washed 3 times 
in PBS before the addition of a 1:100 dilution of fluorescein 
isothiocyanate–conjugated goat anti-human IgG (Cappel 
Laboratories, Cochranville, PA, USA) in PBS with 3 µL/
mL Evans Blue (Fisher Scientific, Pittsburgh, PA, USA) 
counterstain. After another 30-min incubation at 37°C, 
the slides were again washed 3 times in PBS, dried, and 
mounted with glycerol mounting media. Serum titers were 
determined by observing the slides under a fluorescence 
microscope. Antibody titers were considered positive at 
cutoffs of >1:16 for immunocompromised and >1:64 for 
immunocompetent persons (6).

Histopathology, Immunohistochemistry, and  
Transmission Electron Microscopy
We processed formalin-fixed paraffin-embedded tissues 
by using standard histologic methods. IHC was performed 
by using a polymer-based indirect immunoalkaline phos-
phatase detection system with a fast red chromogen kit 
(Biocare Medical, Concord, CA, USA). The microsporidia 
IHC assay used rabbit anti–E. cuniculi serum at a 1:1,000 
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Figure 1. Timeline of events for 
transplant donor and 3 solid organ 
recipients with microsporidiosis 
(Encephalitozoon cuniculi). AVM, 
arteriovenous malformation; CDC, 
Centers for Disease Control and 
Prevention; CNS, central nervous 
system; CSF, cerebrospinal fluid; 
DVT, deep vein thrombosis.

dilution as previously described (7). In addition, IHC as-
says for lymphocytic choriomeningitis virus, measles vi-
rus, and Trypanosoma cruzi were performed as previously 
described (8–10).

For transmission electron microscopic examination, 
we evaluated a paraffin-embedded section by on-slide em-
bedding as previously described (11). The urine cell pellet 
and microsporidia culture isolates were transferred to buff-
ered 2.5% glutaraldehyde and 1% osmium tetroxide, em-
bedded in a mixture of Epon substitute and Araldite (Ted 

Pella, Inc., Redding, CA, USA), sectioned, and stained 
with uranyl acetate and lead citrate.

Molecular Techniques
DNA was extracted from unpreserved clinical samples 
by using a DNeasy Blood & Tissue DNA extraction kit 
(QIAGEN, Valencia, CA, USA). DNA was extracted 
from the formalin-fixed paraffin-embedded tissues by us-
ing a QIAamp DNA Mini Kit (QIAGEN) as previously 
described (7,12). PCR primers (concentration 15 µmol/L 
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each) specific for E. cuniculi small subunit ribosomal RNA 
gene were used (7,12). We performed PCR by using Am-
pliTaq Gold PCR Master Mix (ThermoFisher Scientific, 
Grand Island, NY, USA) and 5 µmol of each primer at an 
annealing temperature of 65°C. All DNA extracts were 
subjected to PCR. Positive and negative controls were in-
cluded in every PCR run. Any specimen that resulted in a 
551-bp fragment was considered positive for the presence 
of E. cuniculi DNA.

Results

Right Kidney Recipient
The right kidney recipient was a man with history of end-
stage renal disease resulting from type 2 diabetes mellitus. 
He received basiliximab to induce immunosuppression, 
and at discharge he received tacrolimus, mycophenolate 
mofetil, and prednisone to maintain immunosuppression. 
His immediate postoperative course was complicated by 
delayed graft function and anemia. Approximately 10 
weeks after transplantation, generalized weakness and con-
fusion developed, and he was admitted to the hospital for 
evaluation. Initially his clinical condition was thought to 
result from noninfectious causes, such as medication side 
effects. However, during his hospitalization, fever, pancy-
topenia, and acute renal failure developed, and his mental 
status worsened. Lumbar puncture was performed, and ce-
rebrospinal fluid analysis revealed 10 leukocytes/µL, which 
led to concern for viral encephalitis. An extensive evalua-
tion for CNS infection was initiated, and test results were 

negative for bacterial, fungal, viral, and parasitic causes 
(Table 1). Despite empirically prescribed broad-spectrum 
antimicrobial drugs, the recipient’s illness progressed, his 
obtundation worsened, and hypotension required vasopres-
sors. He died ≈15 weeks after transplantation. An autopsy 
was performed at the local hospital, and tissues were sub-
mitted to CDC for examination. Four days after the recipi-
ent’s death, examination at CDC of the deceased recipient’s 
renal allograft demonstrated intracellular organisms consis-
tent with microsporidia. Clinicians caring for the other re-
cipients were immediately notified.

Subsequent PCR of DNA extracts from the right renal 
allograft revealed the species to be E. cuniculi, and electron 
microscopy showed a polar tubule arrangement character-
istic for E. cuniculi (Figure 2). The recipient’s CNS tis-
sue also was positive for E. cuniculi by histopathology and 
PCR, which showed microsporidia associated with glial 
nodules and the leptomeninges, the latter with perivascular 
inflammation. No arteritis or aneurysmal change in the ves-
sels of the CNS were observed. Immunohistochemistry of 
CNS tissue also provided positive results (Table 2). IHC 
results were negative for lymphocytic choriomeningitis vi-
rus, measles virus, and T. cruzi.

Left Kidney and Heart Recipient
The recipient of the left kidney and heart was a woman in 
whom coronary vasculopathy and calcineurin inhibitor–in-
duced nephropathy had developed after a cardiac transplant 
21 years earlier. To induce immunosuppression before the 
upcoming kidney and heart transplant, she received a 5-day 

390 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 3, March 2017

 

 

 
Table 1. Infectious disease testing performed for 3 transplant recipients with donor-derived microsporidiosis 
Pathogen  All recipients Right kidney recipient Left kidney/heart recipient Liver recipient 
Bacterial Bacterial culture 

(blood, urine) 
 

Mycoplasma Borrelia burgdorferi Treponema pallidum 
Mycobacterium tuberculosis Anaplasma/Ehrlichia  

Borrelia burgdorferi Treponema pallidum  
Brucella spp. Tropheryma whipplei  

Rickettsia spp.   
Pneumocystis jiroveci   

Legionella spp.   
Viral Cytomegalovirus Enterovirus Enterovirus None 
 Herpes simplex virus Lymphocytic choriomeningitis Adenovirus  
 Epstein-Barr virus Measles virus Lymphocytic choriomeningitis  
 Parvovirus JC virus Measles virus  
 HIV Human herpesvirus-6 JC virus  
  Viral fecal cultures Human herpesvirus-6  
  BK virus   
  Human T-cell lymphotropic 

virus 
  

  Meningoencephalitis panel*   
Fungal/parasitic/
other 

Cryptococcus spp. Coccidioides spp. (1–3)β-D-glucan Toxoplasma gondii 
 Aspergillus spp. Galactomannan  

  Strongyloides spp. Coccidioides spp.  
   Cryptococcus spp.  
  Schistosoma spp. Toxoplasma gondii  
  Babesia spp. Babesia spp.  
   14–3-3 testing for prion disease 

(cerebrospinal fluid) 
 

*Panel contains the following viruses: West Nile, Lacrosse, Eastern equine encephalitis, St. Louis encephalitis, Western equine encephalitis, lymphocytic 
choriomeningitis, herpex simplex 1 and 2, adenovirus, influenza A and B, measles, mumps, varicella, coxsackie A and B, echovirus, cytomegalovirus.  
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course of antithymocyte globulin; to maintain immunosup-
pression, she received tacrolimus, mycophenolate mofetil, 
and prednisone. Her immediate posttransplant course was 
complicated by delayed renal graft function, as well as de-
lirium and tremors thought to be associated with uremia and 
excessive levels of tacrolimus. The delirium and tremors 
resolved with improved graft function, and her immuno-
suppression regimen was changed to include cyclosporine 
rather than tacrolimus. Two months after transplantation, she 
experienced low-grade fever, fatigue, and headache. Testing 
for infectious causes, including herpesviruses, enterovirus, 
West Nile virus, Borrelia burgdorferi, and Cryptococcus, 
were negative. Mycophenolate mofetil, valganciclovir, and 
trimethoprim/sulfamethoxazole prophylaxis were temporar-
ily discontinued because of leukopenia. A week later, she 
experienced continuing fevers up to 102°F; worsening fron-
tal headache; fatigue; pain in her shins, wrists, and elbows; 
cognitive slowing; prominent myoclonus; expressive apha-
sia; and visual hallucinations. She was markedly leukopenic; 
absolute neutrophil count was 430 cells/µL. Brain magnetic 
resonance imaging did not reveal mass lesions, infarct, or hy-
drocephalus. Cerebrospinal fluid testing revealed 17 leuko-
cytes/µL and a protein level of 80.4 mg/dL; however, results 
of extensive testing for an infectious etiology were negative 
(Table 1). Routine endomyocardial biopsy samples showed 
no evidence of rejection; a renal allograft biopsy sample 
showed evidence of Banff type IIa acute cellular rejection, 
for which she received 3 doses of methylprednisolone.

After CDC communicated the finding of microspo-
ridiosis in the deceased recipient’s allograft, this recipient 
empirically received treatment with albendazole at 400 
mg twice daily. E. cuniculi was detected by PCR from 
urine obtained at the time of albendazole initiation. Her 
neurologic symptoms resolved, and after 4 months of al-
bendazole therapy, PCR of urine for E. cuniculi was nega-
tive. Therapy with albendazole was continued for 1 year. 
As of July 2016, she remained well without any symptoms 
of microsporidial infection 1 year after stopping albenda-
zole therapy.

Liver Recipient
The liver recipient was a man with hepatitis C–associ-
ated cirrhosis and hepatocellular carcinoma. At the time 
of transplantation, he received intravenous methylpred-
nisolone to induce immunosuppression; at the time of dis-
charge, he received tacrolimus, prednisone, and mycophe-
nolate mofetil to maintain immunosuppression. Thirteen 
weeks after transplant, the patient visited an outpatient 
clinic and reported bilateral upper extremity tremor, which 
was thought to result from elevated tacrolimus levels. A 
week later, the patient was readmitted to the hospital after 
an outpatient visit for right lower extremity swelling and 
shortness of breath; the ultimate diagnosis was deep vein 
thrombosis and pulmonary embolism. During this hospi-
talization, the recipient reported lightheadedness, head-
ache, blurry vision, and continued tremor. Because of his 
neurologic symptoms and identification of microsporidi-
osis in the deceased right kidney recipient, this patient was 
also empirically given albendazole. The recipient declined 
lumbar puncture. Subsequently, microsporidia were identi-
fied in a urine specimen by trichrome staining performed 
at the patient’s local hospital (Figure 3, panel A). PCR of 
the urine specimen confirmed infection with E. cuniculi. 
Microsporidia were also isolated from the urine specimen 
at CDC after 2 months of cell culture (Figure 3, panel B), 
and identification was confirmed by IHC and transmission 
electron microscopy (Figure 3, panel C). The patient’s neu-
rologic symptoms resolved, and subsequent urine PCR for 
E. cuniculi was negative. Because of financial constraints, 
albendazole was discontinued after 4 months of therapy. 
Repeated PCRs of urine over the next year remained nega-
tive for microsporidia. As of December 2015 (14 months 
after stopping albendazole), the patient remained well 
without symptoms of microsporidial infection. 

Organ Donor
The donor was a middle-aged woman, originally from 
Mexico but a resident of the United States for several de-
cades. In December 2013, she experienced recurrent and 
persistent headache, which she attributed to a known his-
tory of migraine. The headaches persisted and progressed 

Figure 2. Transmission electron microscopy of microsporidia 
identified in allograft samples from right kidney recipient. The 
organism shows cross-sections through the polar tube with up 
to 6 coils and a unikaryotic nucleus, which is characteristic of 
Encephalitozoon cuniculi. Scale bar indicates 100 nm. 
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over several weeks to include nausea, pulsatile tinnitus, and 
diplopia. Approximately 4 weeks later, she sought care at 
an emergency department, where brain computed tomogra-
phy and magnetic resonance imaging revealed several ar-
teriovenous malformations and a right internal carotid sac-
cular aneurysm. She underwent endovascular repair with 
stenting and coil embolization. This repair was complicat-
ed by several episodes of intracranial hemorrhage requiring 
craniotomy. Despite surgical intervention, her neurologic 
function continued to decline, and she was eventually de-
clared brain dead. No other symptoms were reported before 
organ donation. Review of her medical record revealed no 
reports of gastrointestinal illness during her hospitalization. 
Interviews with next of kin revealed no clear risk factors 
for microsporidiosis (e.g., exposure to potentially contami-
nated water, travel to areas with potentially contaminated 
drinking water), no gastrointestinal illness before her death, 
and no travel outside the United States within the previous 
12 months.

Because no autopsy was performed on the donor, the 
only donor specimen available for retrospective testing 
was archived serum. This sample was tested by microspo-
ridia IFA; a positive titer of 1:2,048 suggested active infec-
tion (13,14).

Discussion
Microsporidia are a diverse group of intracellular, spore-
forming organisms; their molecular taxonomic classifi-
cation is fungi. Microsporidiosis classically occurred in 
patients with advanced HIV infection before the era of anti-
retroviral therapy, and it has increasingly occurred in solid 
organ and hematopoietic stem cell transplant recipients 
(15–18). We describe a cluster of 3 solid organ transplant 
recipients in whom disseminated microsporidiosis devel-
oped, the organism having been transmitted by 1 infected 
donor. Although a laboratory-confirmed donor-derived 
cluster of microsporidiosis has been reported (7), the cluster 
reported here is unique in that all 3 recipients experienced 
neurologic disease in the absence of gastrointestinal signs 
and symptoms, an extremely rare presentation of dissemi-
nated microsporidiosis. Previously, CDC has described 
infection with West Nile virus, rabies, lymphocytic chorio-
meningitis virus, and Balamuthia mandrillaris, transmitted 

through solid organ transplantation and manifested as en-
cephalitis among recipients (19–22). The cluster reported 
here adds microsporidiosis to the list and points to the need 
for clinicians to maintain awareness of this pathogen when 
evaluating transplant recipients who exhibit signs or symp-
toms suggestive of encephalitis.

The most common presentation of microsporidiosis is 
gastrointestinal disease causing diarrhea and malabsorp-
tion; disseminated disease often involves the urinary tract. 
E. cuniculi has been found in the CNS during postmortem 
examination of patients who had widely disseminated dis-
ease, often without clear preceding neurologic manifesta-
tions (23–26). However, presentation with isolated severe 
neurologic disease, as seen in the transplant recipients in 
this cluster, is very rare, although it has occurred in im-
munocompetent persons (27,28). This rare presentation 
probably led to the diagnostic and treatment delays for 
the patients in this cluster. Nonspecific symptoms, such as 
weakness and confusion, as seen early in the deceased right 
kidney recipient in this cluster, may also be difficult to as-
cribe to an infectious or donor-derived etiology, especially 
for older recipients with multiple concurrent conditions.

Diagnosis of microsporidiosis is challenging; the or-
ganisms are not easily visible with routine Gram staining 
and do not grow in standard culture media. However, if 
clinical suspicion exists, rapid diagnosis can be accom-
plished at clinical laboratories by light microscopy of 
specimens (usually urine or feces) and use of a modified 
trichrome stain (Figure 3, panel A). Therefore, diagnosis 
is dependent on clinicians maintaining a high level of sus-
picion and obtaining the appropriate local testing or refer-
ring samples to specialized institutions that can perform 
advanced diagnostics, such as PCR or cell culture (Figure 
3, panel B). 

In the cluster we report, an extensive evaluation to de-
termine the etiology of illness was performed for the 2 re-
cipients hospitalized with encephalitis. Microsporidiosis 
was not considered during the 6-week disease course until 
an autopsy had been performed on the deceased recipi-
ent and subsequent specialized studies at CDC revealed 
the diagnosis. Clinicians should be aware that the clini-
cal presentation of disseminated microsporidiosis can be 
a neurologic syndrome in the absence of gastrointestinal  
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Table 2. Transplant recipient testing for microsporidiosis, by specimen and test type* 
Patient Specimen IHC TEM PCR† Culture 
Right kidney 
recipient 

Renal allograft + + + Not performed 
CNS tissue‡ + + Not performed Not performed 

Left kidney/heart 
recipient 

Renal allograft – Not performed + Not performed 
Cardiac allograft Indeterminate - – Not performed 

Bone marrow – Not performed – Not performed 
Urine Not performed Not performed + Not performed 

Liver recipient Urine + + + + 
*CNS, central nervous system; IHC, immunohistochemistry; TEM, transmission electron microscopy; +, positive; –, negative. 
†All PCR positive tests confirmed Encephalitozoon cuniculi. 
‡CNS tissue included cortex and brainstem. 
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symptoms. Further research is needed to understand 
whether a neurotropic variant of E. cuniculi might be 
the cause of isolated severe neurologic microsporidiosis, 
as occurred in these 3 patients. Furthermore, given that 
animal studies have shown that encephalitozoonosis can 
cause vasculitic manifestations, including aortitis (29) 
and artertitis (30) in primates, the intracerebral pathology 
of the donor might have been associated with occult dis-
seminated E. cuniculi infection.

Although microsporidial infections have been de-
scribed for transplant patients, establishing a donor-de-
rived etiology is challenging for many reasons. Micro-
sporidia are transmitted by the fecal–oral route; thus, 
any exposure to feces, either directly or via contaminated 
water or soil, probably represents a mode of acquisition. 
However, little is known about additional risk factors or 
other ways of acquiring microsoporidial infection. Simi-
larly, little data are available on incubation period, dura-
tion of illness/shedding, and likelihood of dissemination 
in immunocompetent or immunocompromised patients. 
Therefore, it may not be possible to determine the source 
of infection in transplant recipients (e.g., derived from 
transplant vs. acquired from the environment) and the 
likelihood of underlying donor infection on the basis of 
clinical course or characteristics alone. However, when 
a similar infectious syndrome develops in >2 recipients 
of organs from a common donor, the chance that it is do-
nor-derived increases substantially. After donor-derived 
infection is suspected, assessing whether a donor had ac-
tive disseminated or even clinically significant microspo-
ridial infection is also challenging. Although organ pro-
curement organizations are required to keep donor serum 
samples for postmortem testing, there is no commercially 
available serologic test for microsporidiosis. IFA test-
ing, along with advanced testing to compare species, as 
was used in this investigation, require reference labora-
tory capacity. Although donor disease can be identified 
through examination of tissues, autopsies are frequently 

not conducted, and archived tissues are often unavailable. 
Identification of new and emerging donor-derived infec-
tions could be greatly facilitated if donor autopsy rates 
are increased.

Microsporidia species identification has treatment im-
plications. Although Encephalitozoonidae are susceptible 
to albendazole, Enterocytozoon bieneusi, another common 
species of microsporidia affecting humans, is not. Although 
immunocompetent persons may require no treatment or 
short-course therapy (31,32), the appropriate treatment du-
ration for immunocompromised patients remains unclear. 
For patients with HIV/AIDS, immune reconstitution is a 
key component to treatment. However, in transplant recipi-
ents for whom de-escalation of immunosuppression may 
not be immediately possible, the optimal length of treat-
ment has not been well studied. Although some recommen-
dations suggest 2–4 weeks of therapy, the patients described 
in this cluster received treatment until demonstration of 
clearance of infection (as identified through urine PCR). 
Unfortunately, despite having recently received a resource-
intensive intervention such as liver transplant, the expense 
associated with albendazole (reportedly ≈$2,000/month), a 
drug that has been available in generic form since the 1980s 
and is on the World Health Organization Essential Medi-
cine List (33), precluded continuing therapy for the liver 
recipient. High costs of generic drugs with niche markets 
have been linked to drug shortages, supply disruptions, or, 
in the case of generic albendazole, consolidations in the ge-
neric drug industry, leading to a single manufacturer with 
the ability to set prices without competition (34).

The findings of this investigation are subject to limita-
tions. Because no donor tissue was available for testing, 
we were unable to differentiate whether the donor’s neu-
rologic complaints and radiographic findings were caused 
by microsporidial disease or whether she had subclinical 
disseminated infection. Additionally, the IFA result inter-
pretation has not been standardized for the serologic diag-
nosis of microsporidiosis. Last, sequencing of E. cuniculi 

Figure 3. Microsporidia identified in urine samples from liver recipient. A) Urine trichrome stain. Original magnification ×100. B) Cell 
culture showing microsporidium (arrow). Original magnification ×200. C) Transmission electron microscopic image of infected cell culture 
with germinating microsporidial spore (arrow). Scale bar indicates 500 nm.
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strains (e.g., the internal transcribed spacer region of rRNA 
or whole-genome sequencing) was not performed as part 
of the public health investigation, and we are thus unable 
to further investigate strain relatedness. However, we were 
able to confirm infection with the same species of micro-
sporidia in all 3 recipients and the donor, which is highly 
suggestive of donor-derived transmission.

Identifying donor-derived disease transmission events 
and ensuring appropriate treatment and management of 
recipients requires extensive collaboration. This investi-
gation, as did other donor-derived disease transmissions 
described by CDC, required close cooperation among cli-
nicians, laboratory scientists, the organ procurement or-
ganization, and public health agencies. Clinicians should 
maintain a high index of suspicion for donor-derived infec-
tions and should report any suspected or potential events to 
the Organ Procurement and Transplantation Network.

Acknowledgments
We acknowledge Jennifer Woo for performing the autopsy on the 
right kidney recipient and arranging for sample transfer to CDC; 
we thank Bernard Kubak, who provided care for the same patient.

Dr. Smith is a medical epidemiologist in the Division of  
Healthcare Quality Promotion, National Center for Emerging 
and Zoonotic Infectious Diseases, CDC. Her current research 
interest focuses on international infection control. 

References
  1. Organ Procurement and Transportation Network. Transplants by 

donor type. 2014 [cited 2015 Dec 21]. https://optn.transplant.hrsa.
gov/data/view-data-reports/national-data/#

  2. Len O, Gavaldà J, Blanes M, Montejo M, San Juan R,  
Moreno A, et al.; Spanish Research Network for the Study of 
Infection in Transplantation. Donor infection and transmission to 
the recipient of a solid allograft. Am J Transplant. 2008;8:2420–5. 
http://dx.doi.org/10.1111/j.1600-6143.2008.02397.x

  3. Ison MG, Grossi P; AST Infectious Diseases Community of  
Practice. Donor-derived infections in solid organ transplantation.  
Am J Transplant. 2013;13(Suppl 4):22–30. http://dx.doi.org/ 
10.1111/ajt.12095

  4. Green M, Covington S, Taranto S, Wolfe C, Bell W, Biggins SW, 
et al. Donor-derived transmission events in 2013: a report of the 
Organ Procurement Transplant Network Ad Hoc Disease  
Transmission Advisory Committee. Transplantation. 2015;99:282–7. 
 http://dx.doi.org/10.1097/TP.0000000000000584

  5. Visvesvara GS. In vitro cultivation of microsporidia of clinical 
importance. Clin Microbiol Rev. 2002;15:401–13. http://dx.doi.org/ 
10.1128/CMR.15.3.401-413.2002

  6. Croppo GP, Visvesvara GS, Leitch GJ, Wallace S, De Groote MA. 
Western blot and immunofluorescence analysis of a human isolate 
of Encephalitozoon cuniculi established in culture from the  
urine of a patient with AIDS. J Parasitol. 1997;83:66–9.  
http://dx.doi.org/10.2307/3284318

  7. Hocevar SN, Paddock CD, Spak CW, Rosenblatt R, Diaz-Luna H, 
Castillo I, et al.; Microsporidia Transplant Transmission  
Investigation Team. Microsporidiosis acquired through solid organ 
transplantation: a public health investigation. Ann Intern Med. 
2014;160:213–20. http://dx.doi.org/10.7326/M13-2226

  8. Guarner J, Bartlett J, Zaki SR, Colley DG, Grijalva MJ,  
Powell MR. Mouse model for Chagas disease: immunohistochemical  
distribution of different stages of Trypanosoma cruzi in tissues 
throughout infection. Am J Trop Med Hyg. 2001;65:152–8.

  9. Fischer SA, Graham MB, Kuehnert MJ, Kotton CN, Srinivasan A,  
Marty FM, et al.; LCMV in Transplant Recipients Investigation 
Team. Transmission of lymphocytic choriomeningitis virus by 
organ transplantation. N Engl J Med. 2006;354:2235–49.  
http://dx.doi.org/10.1056/NEJMoa053240

10. Reis GF, Ritter JM, Bellini WJ, Rota PA, Bollen AWA. A 29- 
year-old pregnant woman with worsening left hemiparesis,  
encephalopathy, and hemodynamic instability: a case report of  
subacute sclerosing panencephalitis. Clin Neuropathol. 
2015;34:258–66. http://dx.doi.org/10.5414/NP300843

11. Hayat M. Principles and techniques of electron microscopy:  
biological applications. 3rd ed. Boca Raton (FL): CRC Press; 1989.

12. da Silva AJ, Bornay-Llinares FJ, Moura IN, Slemenda SB,  
Tuttle JL, Pieniazek NJ. Fast and reliable extraction of protozoan 
parasite DNA from fecal specimens. Mol Diagn. 1999;4:57–64. 
http://dx.doi.org/10.1016/S1084-8592(99)80050-2

13. van Gool T, Biderre C, Delbac F, Wentink-Bonnema E, Peek R,  
Vivarès CP. Serodiagnostic studies in an immunocompetent 
individual infected with Encephalitozoon cuniculi. J Infect Dis. 
2004;189:2243–9. http://dx.doi.org/10.1086/421117

14. Sak B, Kucerova Z, Kvac M, Kvetonova D, Rost M, Secor EW. 
Seropositivity for Enterocytozoon bieneusi, Czech Republic. 
Emerg Infect Dis. 2010;16:335–7. http://dx.doi.org/10.3201/
eid1602.090964

15. Latib MA, Pascoe MD, Duffield MS, Kahn D. Microsporidiosis in 
the graft of a renal transplant recipient. Transpl Int. 2001;14:274–7. 
http://dx.doi.org/10.1111/j.1432-2277.2001.tb00058.x

16. Ambrosioni J, van Delden C, Krause KH, Bouchuiguir-Wafa C, 
Nagy M, Passweg J, et al. Invasive microsporidiosis in allogeneic  
haematopoietic SCT recipients. Bone Marrow Transplant. 
2010;45:1249–51. http://dx.doi.org/10.1038/bmt.2009.315

17. Nagpal A, Pritt BS, Lorenz EC, Am H, Nasr SH, Cornell LD,  
et al. Disseminated microsporidiosis in a renal transplant  
recipient: case report and review of the literature. Transpl Infect 
Dis. 2013;15:526–32. http://dx.doi.org/10.1111/tid.12119 

18. Orenstein JM, Russo P, Didier ES, Bowers C, Bunin N,  
Teachey DT. Fatal pulmonary microsporidiosis due to  
Encephalitozoon cuniculi following allogeneic bone marrow 
transplantation for acute myelogenous leukemia. Ultrastruct Pathol. 
2005;29:269–76. http://dx.doi.org/10.1080/01913120590951257

19. Gupte AA, Hocevar SN, Lea AS, Kulkarni RD, Schain DC,  
Casey MJ, et al. Transmission of Balamuthia mandrillaris through 
solid organ transplantation: utility of organ recipient serology to 
guide clinical management. Am J Transplant. 2014;14:1417–24. 
http://dx.doi.org/10.1111/ajt.12726

20. Schafer IJ, Miller R, Ströher U, Knust B, Nichol ST, Rollin PE; 
Centers for Disease Control and Prevention. Notes from the field:  
a cluster of lymphocytic choriomeningitis virus infections  
transmitted through organ transplantation—Iowa, 2013. MMWR 
Morb Mortal Wkly Rep. 2014;63:249.

21. Vora NM, Basavaraju SV, Feldman KA, Paddock CD, Orciari L, 
Gitterman S, et al.; Transplant-Associated Rabies Virus  
Transmission Investigation Team. Raccoon rabies virus variant  
transmission through solid organ transplantation. JAMA. 
2013;310:398–407. http://dx.doi.org/10.1001/jama.2013.7986

22. Winston DJ, Vikram HR, Rabe IB, Dhillon G, Mulligan D,  
Hong JC, et al.; West Nile Virus Transplant-Associated  
Transmission Investigation Team. Donor-derived West Nile virus 
infection in solid organ transplant recipients: report of four  
additional cases and review of clinical, diagnostic, and  
therapeutic features. Transplantation. 2014;97:881–9.  
http://dx.doi.org/10.1097/TP.0000000000000024

394 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 3, March 2017



Donor-Derived Microsporidiosis

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 23, No. 3, March 2017 395

23. Mohindra AR, Lee MW, Visvesvara G, Moura H, Parasuraman R, 
Leitch GJ, et al. Disseminated microsporidiosis in a renal transplant 
recipient. Transpl Infect Dis. 2002;4:102–7. 

24. Mertens RB, Didier ES, Fishbein MC, Bertucci DC, Rogers LB, 
Orenstein JM. Encephalitozoon cuniculi microsporidiosis: infection 
of the brain, heart, kidneys, trachea, adrenal glands, and urinary 
bladder in a patient with AIDS. Mod Pathol. 1997;10:68–77. 

25. Fournier S, Liguory O, Sarfati C, David-Ouaknine F, Derouin F,  
Decazes JM, et al. Disseminated infection due to Encephalitozoon  
cuniculi in a patient with AIDS: case report and review. 
HIV Med. 2000;1:155–61. http://dx.doi.org/10.1046/j.1468-
1293.2000.00022.x

26. Carlson JR, Li L, Helton CL, Munn RJ, Wasson K, Perez RV,  
et al. Disseminated microsporidiosis in a pancreas/kidney  
transplant recipient. Arch Pathol Lab Med. 2004;128:e41–3.

27. Matsubayashi H, Koike T, Mikata I, Takei H, Hagiwara S. A case 
of Encephalitozoon-like body infection in man. AMA Arch Pathol. 
1959;67:181–7.

28. Bergquist NR, Stintzing G, Smedman L, Waller T, Andersson T. 
Diagnosis of encephalitozoonosis in man by serological tests.  
Br Med J (Clin Res Ed). 1984;288:902. http://dx.doi.org/10.1136/
bmj.288.6421.902

29. Davis MR, Kinsel M, Wasson K, Boonstra J, Warneke M,  
Langan JN. Fatal disseminated encephalitozoonosis in a captive, 
adult Goeldi’s monkey (Callimico goeldii) and subsequent  

serosurvey of the exposed conspecifics. J Zoo Wildl Med. 
2008;39:221–7. http://dx.doi.org/10.1638/2007-0114R.1 

30. Guscetti F, Mathis A, Hatt JM, Deplazes P. Overt fatal and  
chronic subclinical Encephalitozoon cuniculi microsporidiosis  
in a colony of captive emperor tamarins (Saguinus imperator).  
J Med Primatol. 2003;32:111–9. http://dx.doi.org/10.1034/j.1600-
0684.2003.00016.x

31. Tremoulet AH, Avila-Aguero ML, París MM, Canas-Coto A,  
Ulloa-Gutierrez R, Faingezicht I. Albendazole therapy for  
Microsporidium diarrhea in immunocompetent Costa Rican 
children. Pediatr Infect Dis J. 2004;23:915–8. http://dx.doi.org/ 
10.1097/01.inf.0000141724.06556.f9

32. Wichro E, Hoelzl D, Krause R, Bertha G, Reinthaler F, Wenisch C. 
Microsporidiosis in travel-associated chronic diarrhea in  
immune-competent patients. Am J Trop Med Hyg. 2005;73:285–7.

33. World Health Organization. WHO model list of essential  
medicines, 19th list. Geneva: The Organization; 2015. 

34. Alpern JD, Stauffer WM, Kesselheim AS. High-cost generic 
drugs—implications for patients and policymakers. N Engl J Med. 
2014;371:1859–62. http://dx.doi.org/10.1056/NEJMp1408376

Address for correspondence: Rachel M. Smith, Centers for Disease 
Control and Prevention, 1600 Clifton Rd NE, Mailstop A07, Atlanta, GA 
30329-4027, USA; email: rmsmith@cdc.gov

June 2015: Bacterial/Fungal Infections

http://wwwnc.cdc.gov/eid/articles/ 
issue/21/06/table-of-contents

•  Sequence Type 4821 
Clonal Complex  
Serogroup B Neisseria 
meningitidis in China, 
1978–2013

•  Estimated Deaths and 
Illnesses Averted  
During Fungal Meningitis 
Outbreak Associated with 
Contaminated Steroid 
Injections, United States, 
2012–2013 

•  Global Burden of Invasive 
Nontyphoidal Salmonella 
Disease, 2010 

•  Dose-Response  
Relationship between 
Antimicrobial Drugs and 
Livestock-associated 
MRSA in Pig Farming 

•  Cost-effectiveness of 
Chlamydia Vaccination 
Programs for Young 
Women

•  Hospitalization Frequency 
and Charges for  
Neurocysticercosis,  
United States,  
2003–2012

•  Additional Drug  
Resistance of Multidrug-
Resistant Tuberculosis in  
Patients in 9 Countries

•  Oral Cholera Vaccination 
Coverage, Barriers to  
Vaccination, and Adverse 
Events following  
Vaccination, Haiti, 2013

•  Mycobacterium bovis in 
Panama, 2013

•  Endemic Melioidosis 
in Residents of Desert 
Region after Atypically 
Intense Rainfall in Central 
Australia, 2011

•  Invasion Dynamics of 
White-Nose Syndrome 
Fungus, Midwestern  
United States, 2012–2014

•  Coccidioides Exposure 
and Coccidioidomycosis 
among Prison Employees, 
California, United States 

•  Prospective Multicenter 
International Surveillance 
of Azole Resistance in 
Aspergillus fumigatus 

•  Oligoarthritis Caused 
by Borrelia bavariensis, 
Austria, 2014 

•  European Rabbits as 
Reservoir for Coxiella 
burnetii 

•  Drug Resistance– 
Associated Mutations in 
Mycoplasma genitalium 
in Female Sex Workers, 
Japan 

•  Lack of Protection  
Against Ebola Virus from 
Chloroquine in Mice  
and Hamsters 

•  Wohlfahrtiimonas  
chitiniclastica Bacteremia 
Associated with Myiasis, 
United Kingdom 

•  Response to Dectection 
of New Delhi Metallo-
β-Lactamase–Producing 
Bacteria, Brazil  

•  Histoplasmosis in Idaho 
and Montana, USA, 
2012–2013 


