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Coccidioidomycosis is a fungal infection caused by Coccidi-
oides immitis/Coccidioides posadasii that is endemic in the 

arid regions of the American continent.1 The infection, transmitted 
via the inhalation of arthroconidia, occurs after an environmental 
exposure or after the reactivation of a latent infection; solid organ 
recipients have a significant risk of disseminated fungal infection 
and a lower survival rate.1 We report a 6-year-old girl who pre-
sented with disseminated coccidioidomycosis related to her receiv-
ing a left-liver graft from an infected donor.

CASE REPORT
A 6-year-old girl living in France underwent left-liver 

transplantation for biliary atresia. Because of nonprimary graft 
function (17-year-old donor), a second transplantation (from a 
47-year-old suicide victim) was performed 7 days later. Histologic 
evaluation of the second graft disclosed no significant lesions, 
but a donor’s chest radiograph and computed tomographic scan 
revealed a 12-mm calcified pulmonary nodule, which was con-
sidered to be the consequence of a past infection and was not 
removed. The recipient’s immunosuppressive regimen consisted 
of basiliximab (10 mg on days 1 and 4 after first transplanta-
tion), corticosteroids (2 mg/kg/d), tacrolimus and mycophenolate 
mofetil. On day 9 after the second transplantation, the first liver 
biopsy revealed histologic features of acute rejection, and methyl-
prednisolone was added to the regimen (one 10 mg/kg corticoster-
oid pulse), associated with increasing targeted tacrolimus blood 
trough concentrations. On day 13, 3 corticosteroid pulses (10 mg/
kg/d) were administered because of persisting acute rejection, 
followed by a tapering of the oral corticosteroid dosage during 
subsequent days.

Concerning the second donor, no fungus was found in the 
conserved graft fluid. On day 7 posttransplantation, mycologic cul-
tures on the lung graft bronchoalveolar lavage fluid had grown a 
glabrous, greyish white filamentous colony. On day 47, the pres-
ence of Coccidioides spp. was confirmed by polymerase chain reac-
tion (PCR). On further investigations, donor family revealed that 
he had visited South America 4 months ago. The donor had visited 
Peru with certainty; other countries visited are unknown. He also 
had a cough a few weeks before his death.

Because of the suspicion of sepsis in the recipient, antifun-
gal therapy (caspofungin) was initiated 2 days after the first trans-
plantation in a dosage of 60 mg/m2 (50 mg) on the first day and 
then 30 mg/m2 (25 mg) until 3 days after the second transplant. 
Seven days after that, in view of the lung graft–positive mycologic 
cultures on the lung graft bronchoalveolar lavage, intravenous flu-
conazole (3 mg/kg/d) was introduced for 3 weeks. Oral ampho-
tericin B (50 mg/kg/d) was administered until 3 months posttrans-
plantation as a digestive decontamination. The PCR results were 
received on day 47, and the recipient’s serology was negative. In 
a context of normal liver function findings, oral corticosteroids 
were stopped 3 months posttransplantation and amphotericin B 
1 week later.

Four months after transplantation, although the patient’s 
liver function remained normal while receiving tacrolimus (blood 
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Abstract: This first observation of donor-transmitted coccidioidomycosis 
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trough concentrations: 5–8 µg/L) and mycophenolate mofetil, she 
developed fever with abdominal pain and vomiting. An abdomi-
nal ultrasound was suggestive of appendicitis. Surgical explora-
tion found a 5-cm pseudotumor mass in the terminal portion of 
the ileum, with thick bowel loops and a preperforation appear-
ance. The appendix was healthy and therefore totally independ-
ent of the injury. This mass and the appendix were removed. 
Histologic examination revealed the presence of spherules con-
taining eosinophilic endospores compatible with the diagnosis 
of coccidioidomycosis. The final diagnosis was confirmed by a 
molecular analysis of the ileal resection using a pair of universal 
fungal primers (NL1/NL4) targeting the D1/D2 domain of 28S 
DNA. Further analysis of the sequences revealed 99.676% simi-
larity and 99.838% overlap with C. immitis/C. posadasii [using 
the GenBank database (https://blast.ncbi.nlm.nih.gov/Blast.
cgi?PAGE_TYPE=BlastSearch) and CBS database CBS-KNAW 
Fungal Biodiversity Centre, an institute of the Royal Netherlands 
Academy of Arts and Sciences (http://www.cbs.knaw.nl/Collec-
tions/BioloMICSSequences.aspx?file=all)]. Coccidioidomycosis 
was undetected in any other tests (serology, blood culture and tis-
sue culture).

The day after surgery, the abdominal symptoms and fever 
were persisting, and the patient developed bilateral pulmonary 
infiltrates with nodules. Neurologic investigations were normal. 
Voriconazole (15 mg/kg/d intravenous) was initiated for 72 hours, 
followed by intravenous amphotericin B (3 mg/kg/d) for 55 days. 
The patient was subsequently advised as to the need for lifelong 
oral fluconazole treatment (7 mg/kg/d). The tacrolimus dose was 
reduced (2–4 µg/L) and mycophenolate mofetil withdrawn. At 2 
years posttransplantation, the patient is asymptomatic and contin-
ues to receive combination therapy with tacrolimus (0.2 mg twice-
daily) and fluconazole (100 mg twice-daily or 8.5 mg/kg/d). Her 
liver function parameters are normal.

Five adult patients were transplanted with organs from the 
same donor (both lungs, right liver, both kidneys and heart). The 
patients who received the lungs and right liver were treated with 
fluconazole for 8 days after transplantation. The lung recipient’s 
bronchoalveolar lavage had Coccidioides on day 50 after transplan-
tation. He was treated with amphotericin B but died 9 months after 
transplantation; fungal infection was still present. The heart and 2 
kidney recipients did not receive any antifungal prophylaxis. After 
2 years of follow-up, these 4 remaining patients are all doing well, 
and none have received any corticosteroid pulses or presented with 
fungal infection.

DISCUSSION
Endemic in the arid regions of the American continent, 

coccidioidomycosis is not observed elsewhere.1,2 Necessary con-
ditions for growth are arid climate, little altitude, extremely hot 
summers, mild winters and alkaline, sandy, silty soil. The journey 
in South America was considered as the only exposure to Coccidi-
oides spp. The donor visited Peru with certainty but this country is 
not know as an endemic area. Because of the lack of information 
obtained from the family, we couldn't know if other countries were 
visited.

In immunocompetent patients, infection is usually asymp-
tomatic or associated with influenza-like illness or pneumonia.1,2 
In most cases, coccidioidomycosis occurs after an environmen-
tal exposure or the reactivation of a previous latent infection. In 
patients transplanted in endemic areas, the principal problem is 
de novo coccidioidomycosis, with an incidence ranging from 
1.4% to 6.9%.2 After inhalation, the lungs are the first organ to be 
affected by the spores, but infection disseminates to other organs 

as well, the most common being the skin, skeleton and central 
nervous system.3

The first important finding from our case was that donor 
organs can be a source of a transmissible agent. As shown here, a 
maximum amount of information about the background of donors, 
and particularly whether they have lived in or travelled to endemic 
areas, is of crucial importance to diagnosing cases of coccidioido-
mycosis.2 To the best of our knowledge, only 8 cases of coccidioi-
domycosis linked to solid organ transplant donors have so far been 
reported (Table 1).4–11 Our observation was unusual because it was 
the first case reported in a child. Moreover, only 2 of the 8 contami-
nated donors were European,7,9 and in both cases, the transplant 
teams in Europe were not initially aware of the fact that the donor 
had stayed in an endemic area and might be infected.

Our case report also suggests that the location of the 
infection may unnecessarily be linked to the transplanted organ 
(Table 1).4–11 Our patient received a contaminated liver and pre-
sented with an abdominal mass and secondarily with severe lung 
disease. We strongly suspected a peritoneal cavity contamination 
during transplantation rather than spores contained in the liver, 
which pass through the intestine and secondarily in the peritoneum. 
Another case reported coccidioidal pneumonia in a lung-transplant 
recipient after positive findings in the donor’s lymph node.5 It 
should be noted that the donor’s calcified pulmonary nodule was 
not attributed to coccidioidomycosis as it is an unusual presentation 
(generally these are uncalcified).

Our observation also emphasizes the fact that abdominal 
coccidioidomycosis is a rare and highly misleading condition.3 
Indeed, after transplantation, there has been few reported cases of 
abdominal coccidioidomycosis in adult heart-transplant3 or liver-
transplant recipients. In our patient, coccidioidomycosis first pre-
sented as an intestinal infection mimicking appendicitis and was 
linked to a mass in the ileum. Moreover, in transplanted children, 
this presentation was suggestive of lymphoma induced by immuno-
suppressive therapy, which was indeed the primary diagnosis and 
underlined the crucial role of the pathologist in such cases.

Disseminated infections have been associated with several 
risk factors, which include male gender, pregnancy, blood group B, 
children and the elderly, African and Asian ancestries and immu-
nocompromised patients.1 As in our case, the treatment of acute 
rejection (eg, high-dose corticosteroids or antilymphocyte therapy) 
can be considered as a risk factor for coccidioidomycosis after 
solid organ transplantation. Our patient had received high-dose 
corticosteroids to treat rejection, but this type of treatment was 
noted in only 3 of the 13 adults with donor-derived infection,3,6,8 
and it was not recognized as a risk factor by all authors.2 Interest-
ingly, only the recipient of lungs was infected. The other organs 
from the same donor (right liver, heart and kidneys) were trans-
planted successfully without any contamination. Donor to recipient 
transmission can be spotty, and coccidioidomycosis is not always 
transmitted in every organ transplanted from an infected donor. 
Approximately, 70% of posttransplant cases of coccidioidomycosis 
occur during the first year after surgery, and this includes de novo 
infections in patients remaining in an endemic area.2 In the entire 
series of 8 donors reported as being infected, 13 infected and 11 
noninfected recipients were observed (Table 1). In addition, 11 of 
the 13 infected patients had not received prophylactic antifungal 
therapy, and the infection started between the sixth and ninetieth 
days after transplantation. Our patient received oral fluconazole 
as prophylaxis for 3 weeks. She presented the symptomatic infec-
tion 3 weeks after the discontinuation of digestive decontamina-
tion with amphotericin B (and 3 months after the discontinuation 
of oral fluconazole). It is important to note that oral amphotericin 
is not the expected prophylaxis against the cocci infection, neither 
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Abstract: In this analysis of a prospective, multicenter study of children 
hospitalized with bronchiolitis, 925 had respiratory syncytial virus (RSV)-
A and 649 had RSV-B. Overall, bronchiolitis severity did not differ by RSV 
subtype. However, among children with RSV-only bronchiolitis, those chil-
dren with RSV-A had higher risk of intensive care treatment (odds ratio, 
1.31; 95% confidence interval, 1.00–1.71; P = 0.048) when compared with 
those having RSV-B.

Key Words: RSV, subtype, bronchiolitis, severity 

Accepted for publication January 12, 2017.
From the *Department of Pediatric Infectious Diseases, Arnold Palmer Hospital 

for Children, Orlando, Florida; †Department of Medicine, Boston Children’s 
Hospital, Harvard Medical School, Boston, Massachusetts; ‡Departments 
of Molecular Virology and Microbiology and Pediatrics, Baylor College of 
Medicine, Houston, Texas; and §Department of Emergency Medicine, Massa-
chusetts General Hospital, Harvard Medical School, Boston, Massachusetts.

Supported by Grant U01 AI-067693 from the National Institutes of Health 
(Bethesda, MD). The content of this article is solely the responsibility of the 
authors and does not necessarily represent the official views of the National 
Institute of Allergy and Infectious Diseases or the National Institutes of 
Health.

P.A.P. and J.M.M. were consultants for Regeneron Pharmaceuticals, Inc. The 
other authors have no conflicts of interest to disclose.

Address for correspondence: Federico R. Laham, MD, MS, Department of Pedi-
atric Infectious Diseases, Arnold Palmer Hospital for Children, 60 W. Gore 
St, Orlando, FL 32806. E-mail: federico.laham@orlandohealth.com.

Supplemental digital content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s website (www.pidj.com).

Bronchiolitis is the leading cause of hospitalization in young 
children, and occurs commonly during the winter months due 

to respiratory viral infections.1 Of the multiple viral etiologies, 
the most frequent is respiratory syncytial virus (RSV). Two anti-
genically different RSV subtypes exist, A and B. These 2 subtypes 
co-circulate during the same season, but in general, 1 predomi-
nates.2 Although, some studies have shown that RSV-A is associ-
ated with an increased disease severity,2–4 others have shown that 
either RSV-B is more severe5 or that the 2 subtypes have equivalent 
severity.6,7 Most of these studies included 1 winter season or had 
small sample sizes, and in general used nonpolymerase chain reac-
tion (PCR) diagnostics which in most may have omitted the con-
founding effects of viral coinfections or led to ascertainment bias. 
Therefore, our objective was to determine whether RSV subtype is 
independently associated with increased disease severity in a mul-
ticenter, multiyear sample of children hospitalized for bronchiolitis 
that utilized PCR diagnostics.

MATERIALS AND METHODS

Study Design
This is a secondary analysis of the 30th Multicenter Air-

way Research Collaboration prospective cohort study of children 
hospitalized with bronchiolitis. Study design and data collection 

would caspofungin. Like our patient, 2 adults received early anti-
fungal prophylaxis (lung transplantation and an initial suspicion of 
aspergillosis).7,11 One patient was treated with itraconazole for 23 
months and presented with pulmonary symptoms 17 months after 
stopping the prophylaxis and 5 months after corticosteroid pulses 
for acute rejection.7 The other patient was treated with voriconazole 
and was asymptomatic at 5 months of follow-up.11 The mechanism 
for the transmission of Coccidioides to recipients remains unclear 
but could be linked to a latent infection in the donated organs and 
the immunologic status of the recipient.

In conclusion, the case of this child highlights the point that 
coccidioidomycosis in recipients transplanted with organs from a 
suspected donor requires an exhaustive evaluation of the donor that 
includes serologic testing, chest imaging and, as in our case, PCR 
or mycologic culture at 25°C (up to 40°C on Sabouraud) of res-
piratory samples and in particular, whenever possible, histologic 
examination of the graft.12

At present, primary donor-transmission prophylaxis with 
fluconazole (400 mg daily) or itraconazole (200 mg twice-daily) is 
recommended. If recipient lives in an endemic area, its duration 
should be adapted to the risk of de novo infection.2,12 If at risk for 
donor-derived coccidioidomycosis and receiving antifungal proph-
ylaxis with echinocandin or inhaled aerosolized or oral ampho-
tericin B, additional prophylaxis with an azole should be added.12 
The treatment undertaken for the patient may have not been the one 
recommended by guidelines, but they are American and adapted 
to the epidemiologic situation of the US. It seems that there are no 
similar guidelines for French or even European.

First-line therapy for coccidioidomycosis is fluconazole 
(400–800 mg daily). Intravenous amphotericin B (5 mg/kg/d) or 
voriconazole can be used in the event of severe infection or as sal-
vage therapy, respectively. Lifelong secondary prophylaxis with 
fluconazole is also recommended.12
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