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Abstract: Strongyloides stercoralis is a helminth with the ability to
autoinfect the human host and persist asymptomatically for several
years. Immunosuppression can accelerate autoinfection and result in
Strongyloides hyperinfection syndrome (SHS), which is associated with
signi¢cant morbidity and mortality. Immunosuppressed solid organ
transplant recipients, particularly in the setting of rejection, are at
increased risk for reactivation of latent infections, such as
Strongyloides.We describe a case of SHS in an intestinal transplant
recipient; we hypothesize that she acquired the infection from the
donor.We also review the current literature and address both
prophylaxis and treatment of strongyloidiasis in the solid organ
transplant patient.
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Strongyloides stercoralis is endemic to Central and South
America, Asia, Africa, parts of Europe, Puerto Rico, and
the southeastern United States. Humans are the de¢nitive
host of this helminth and the pathogenesis of infection in
the immunocompetent host has been described in detail
(1). S. stercoralis has the rare ability to autoinfect the human
host and establish latent infection that can persist for years
without symptoms. Hyperinfection can occur when autoin-
fection accelerates in the setting of immunosuppression
from underlying diseases or T-cell-depleting medications
like corticosteroids and anti-thymocyte globulin (2). The
Strongyloides hyperinfection syndrome (SHS) has been as-
sociated with mortality rates as high as 87% in the
immunocompromised host (3).
Transplant recipients are at risk for reactivation of latent

infections including S. stercoralis. In the solid organ trans-
plant literature, most reported cases of SHS or disseminat-
ed strongyloidiasis are consequences of intensi¢ed

immunosuppression in the setting of recent allograft rejec-
tion. Although most cases are a result of latent infection in
the recipient, there are a few case reports of strongyloidia-
sis acquired from the donor (4^6).We describe a case of SHS
in an intestinal transplant recipient who had no clinical ev-
idence of occult parasitic infection before transplantation.

Case report

A previously healthy 62-year-old Italian-American woman
from NewYork City underwent elective knee replacement
surgery in August 2004. Her postoperative course was
complicated by heparin-induced thrombocytopenia and
superior mesenteric artery thrombosis that resulted in
an emergent total enterectomy. In December 2004, she
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underwent intestinal transplantation. Post-transplantation
immunosuppression consisted of induction therapy with
basiliximab and maintenance therapy with tacrolimus, my-
cophenolate mofetil, and corticosteroids. Her early post
operative course was complicated by carbapenem-resistant
Klebsiella pneumoniae peritonitis that was treated and
cured with polymyxin B and tigecycline in addition to a re-
duction in immunosuppression.
In January 2005, biopsies of the allograft revealed severe

acute exfoliative rejection. The patient was treated with
high-dose methylprednisolone, anti-thymocyte globulin,
intravenous immunoglobulin, rituximab, and plasma-
pheresis. Subsequent biopsies revealed no further rejec-
tion.The patient was discharged in March 2005 and sever-
al outpatient biopsies revealed non-speci¢c in£ammation.
She underwent reversal of her enterostomy in August 2005.
Three weeks later, the patient was tolerating food and was
discharged home on prednisone 7.5 mg daily, mycopheno-
late mofetil 250 mg twice a day, tacrolimus 5 mg twice a
day, valganciclovir 450 mg daily, and warfarin.
Ten days after discharge, the patient developed nausea,

vomiting, constipation, and di¡use abdominal discomfort.
These symptoms were accompanied by low-grade fevers,
headaches, and photophobia without associated neck sti¡-
ness or pain. Endoscopy was performed to exclude allo-
graft rejection or viral infection. Her temperature
continued to escalate and she became increasingly tachy-
pneic. Chest radiographs and chest CTscan revealed rapid
development of bilateral interstitial in¢ltrates (F|gs. 1 and
2). The patient was intubated and transferred to the inten-
sive care unit.
Peripheral blood cultures from the dayof admission grew

vancomycin-sensitive Enterococcus faecium and car-
bapenem-susceptible ESBL-producing K. pneumoniae.
The patient was treated with vancomycin and imipenem.
Biopsies of both the small bowel and the colon revealed dif-
fuse infestation with S. stercoralis (F|g. 3). Microscopic eval-
uation of bronchoalveolar lavage specimens also
demonstrated larvae con¢rming SHS (F|g. 4). Treatment
was initiated with both ivermectin (200 mg/kg daily) and
thiabendazole (25 mg/kg twice a day) by a nasogastric tube
as well as daily ivermectin retention enemas (15 mg sus-
pended in Orapluss). Endoscopy performed 10 days into
therapy demonstrated no larvae. Concurrent examination
of sputum and stool also failed to demonstrate persistent
larvae.
Lumbar puncture was initially deferred due to warfarin-

associated coagulopathy. When performed 4 weeks into
hospitalization for lethargy, the cerebrospinal £uid re-
vealed a neutrophilic pleocytosis consistent with bacterial
meningitis. Although cultures from the initial lumbar
puncture were negative, the patient had a concomitant car-
bapenem-resistant Pseudomonas aeruginosa bacteremia

and it was assumed that this organism was also the etiolo-
gy of her meningitis. She was treated with intravenous
ceftazidime and cipro£oxacin. Repeat lumbar puncture
performed 1 week later showed signi¢cant improvement
in the pleocytosis, but Gram stain and culture now revealed
vancomycin-susceptible E. faecium meningitis. Linezolid
was added in order to treat the presumed polymicrobial
meningitis because the patient had previously received an
extended course of vancomycin for E. faecium bacteremia.

Fig. 1. Chest radiograph with rapid development of bilateral interstitial
in¢ltrates.

Fig. 2. Computed tomography scan con¢rming the acute development
of bilateral interstitial in¢ltrates.
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Cerebrospinal £uid collected from both lumbar punctures
did not reveal any larvae.
Following a prolonged and complicated intensive care

unit stay, the patient eventually recovered and was trans-
ferred to the transplantation unit. Her hospital course was
further complicated by invasive pulmonary aspergillosis
and disseminated cytomegalovirus infection. In February
2006, she developedAcinetobacter septicemia and died.The
patient’s family declined autopsy.
Review of hospital records from before transplantation

demonstrated no history of unexplained eosinophilia, gas-
trointestinal symptoms, or sick contacts. The patient de-
nied any personal history of traveling to areas endemic for
S. stercoralis in either the United States or abroad to suggest
reactivation of previously acquired latent infection. She
had no pets. Previous biopsies of the graft were reviewed

retrospectively and did not demonstrate S. stercoralis. The
donor was a 39 -year-old Honduran man who was living in
Ft. Lauderdale, Florida, andwas pronounced brain-dead af-
ter a motor vehicle accident.

Discussion

To our knowledge, this is the ¢rst reported case of SHS
in an intestinal transplant recipient. We believe that the
donor graft was possibly the source of Strongyloides in
our patient.
SHS in renal allograft recipients has been extensively re-

viewed (7, 8). Unlike our case, the majority of reported cases
were apparent within 3 months of transplantation (8).
Cases in transplant recipients often occur in the context of
increased doses of corticosteroids and intensi¢ed immuno-
suppression used to treat allograft rejection.The diagnosis
of strongyloidiasis is often serendipitous. Nonspeci¢c
signs and symptoms and a lack of suspicion result in fre-
quent delays in diagnosis and treatment (7 ). In our patient,
the diagnosis was made on the basis of a biopsy that was
performed to evaluate for rejection and viral infection.
Since the use of cyclosporine became standard in renal

transplant protocols, there is a paucity of reported cases of
symptomatic strongyloidiasis in transplant recipients (6).
Experimental (9) and observational anecdotes suggest that
cyclosporine has anthelmintic properties. All reported
cases of Strongyloides infection in the solid organ trans-
plant literature since 1990 have been in patients receiving
cyclosporine-sparing regimens (5, 6, 10^13). The risk of de-
veloping donor-acquired strongyloidiasis may be greater in
intestinal transplant recipients, as the intestinal tract is the
site of latent infection. Cyclosporine is not used routinely
in intestinal transplantation owing to high rejection rates
(14^17 ).Tacrolimus, the primary immunosuppressant used
in intestinal transplantation, is not associated with an-
thelmintic properties (17 ).
Most cases of strongyloidiasis in transplant recipients

are due to reactivation of latent infection in the recipient.
Most infected transplant recipients had evidence of infec-
tion before transplantation including unexplained
eosinophilia, chronic gastrointestinal symptoms, docu-
mented Strongyloides infection, or a history of concomitant
parasitic infection (7 ). Our patient had no evidence of per-
sistent eosinophilia or other signs or symptoms of latent in-
fection.
The donor has been reported as a rare source of strongy-

loidiasis in transplant recipients. Hoy et al. (4) reported the
development of disseminated strongyloidiasis in both
recipients of the renal allografts from a single donor. More

Fig. 3. Both larval forms and thin-walled ova were visible in the crypts
of the transplanted bowel.

Fig. 4. Motile rhabditiform larvae were demonstrated in the bronchoal-
veolar lavage specimen.
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recently, Ben-Youssef et al. (5) described strongyloidiasis in
a pancreas allograft recipient with no exposure to an en-
demic area. Donor infection was con¢rmed retrospectively
by an enzyme-linked immunosorbent assay. Other organ
recipients from the same donor are reported to be asymp-
tomatic. It is not clear whether asymptomatic recipients
received preemptive therapy, harbored asymptomatic
infections, received cyclosporine, or were simply not
infected.
We speculate that latent infection in the donor was trans-

mitted to our patient who lacked clinical or epidemiologic
evidence of latent infection. The donor, on the other hand,
had lived in areas endemic for Strongyloides, having been
born and raised in Honduras and residing in Florida at
the time of his death. Because of the late presentation of
SHS after transplantation in our case, donor or recipient se-
rum was not available to con¢rm serologic status before
transplantation. To date, Strongyloides infection has not
been reported in the recipients of other organs (kidneys,
pancreas, liver, and heart) from this donor.We hypothesize
that the other recipients have been spared from disease be-
cause the immunocompetent donor had latent infection lim-
ited to the intestinal tract.
We acknowledge that if this was truly a donor-derived in-

fection, our patient should have demonstrated evidence of
parasitic infestation early in her post-transplantation
course, especially in the setting of acute allograft rejection.
We have no explanation for the late onset of SHS in our pa-
tient. Although it is a remote possibility that the parasite
was acquired in the healthcare setting, it is highly unlikely
as our patient was maintained on contact isolation for the
duration of her prolonged hospitalization, including before
transplantation.
The ideal treatment of SHS is not established. Single-

dose ivermectin is the treatment of choice in immuno-
competent patients with intestinal strongyloidiasis (1).
Treatment duration for SHS using thiabendazole mono-
therapy ranges from 5 to 14 days (8, 10). More aggressive
regimens for SHS use thiabendazole and ivermectin for
variable durations (11). Some patients may require multiple
courses of therapy because of persistent active infection. It
has been suggested that survivors of SHS should be treated
monthly for at least 6 months (7, 8).There is compelling ev-
idence that reactivation can occur in transplant recipients
even after documented treatment (8). These patients may
bene¢t from inde¢nite therapy but studies to support this
practice are lacking.
A challenge in the treatment of SHS is that patients often

su¡er from paralytic ileus or intestinal obstruction, pre-
venting both administration and absorption of oral agents.
Because no accepted parenteral therapy exists, alternative
treatment modalities such as subcutaneous (3, 18, 19) and
rectal formulations have been used. Parenteral ivermectin

is used routinely in veterinary medicine. Two recent cases
in the literature describe the successful use of subcutane-
ous veterinary-grade ivermectin in the treatment of pa-
tients with SHS su¡ering from paralytic ileus (18, 19).
After 3 doses of subcutaneous veterinary ivermectin
(200 mg/kg), the patients achieved higher serum drug
levels than with enteral drug administration alone. These
higher serum levels correlated with a substantial decrease
in detectable parasite burden. Diarrhea in one patient
precluded the use of rectal formulations of ivermectin or
thiabendazole.
Administration of retention enemas was ¢rst described

with thiabendazole (20). Peak plasma concentrations of the
medication were achieved within 4 h of rectal administra-
tion and were sustained longer than with the standard oral
formulation. Tarr et al. (11) reported a case of SHS in a ca-
daveric renal transplant recipient who was refractory to
enteral albendazole and ivermectin owing to paralytic il-
eus. This patient was successfully treated with combina-
tion enteral therapy and daily ivermectin retention
enemas (11). For our patient, we substituted albendazole
with thiabendazole and achieved similar results.
Our case highlights the importance of developing ration-

al strategies to prevent Strongyloides infections in trans-
plant recipients. Donors and recipients who have resided
in endemic areas should be screened for Strongyloides in-
fection before transplantation (21). Donors and recipients
with a history of other helminthic infections, unexplained
eosinophilia, or unexplained gastrointestinal complaints
should also be screened (2, 7 ). Serology may be less sensi-
tive in relatively immunocompromised patients, such as
potential transplant recipients (1, 2). Diagnostic yield may
be greater with examination of stool for ova and parasites
in conjunction with serology. Previous recommendations
advocate that transplant candidates with evidence of
Strongyloides infection be treated before transplantation
with thiabendazole 25 mg/kg twice daily for 3 days with
documented negative stool ova and parasite exams before
transplantation (7 ). We favor ivermectin therapy for sero-
positive individuals and believe that transplantation
should be delayed until ova and parasites are no longer de-
tected in the stool. We agree with recommendations that
family members and pets should also be screened and
treated as potential sources of re-infection post transplan-
tation (10).
Pre-transplant screening of the deceased donor before or-

gan procurement is not practical.Targeted serologic screen-
ing for Strongyloides in donors from endemic areas may
provide useful information for the physicians caring for
the recipients of organs from an untreated cadaveric donor
with latent Strongyloides. Although formal studies are lack-
ing, pre-emptive treatment in these recipients may prevent
disease.
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We report the ¢rst case of SHS in an intestinal transplant
recipient who may have acquired the infection from the do-
nor. Our case highlights the importance of considering this
disease and implementing preventive strategies in the re-
cipients of transplants from endemic areas.
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