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Abstract.

Critically ill patients with disseminated strongyloidiasis may not be candidates for oral treatment. We report

four patients with disseminated strongyloidiasis, believed to be unable to absorb oral therapy, who were treated with iver-
mectin by rectal and/or subcutaneous administration. Obtaining subcutaneous ivermectin and dosing it appropriately is
a challenge. These cases underscore the need for improved access to subcutaneous ivermectin and more pharmacological

data to guide use of this treatment approach.

INTRODUCTION

The preferred treatment for intestinal strongyloidiasis is
oral ivermectin.'> However, many patients with disseminated
infection with Strongyloides stercoralis experience paralytic
ileus, profuse vomiting, and diarrhea, which limits delivery and
absorption of oral medications, including ivermectin.>* Such
cases present a therapeutic challenge. There is no U.S. Food
and Drug Administration (FDA)-approved treatment for dis-
seminated disease, and oral therapy is unlikely to be effective
in the setting of the gastrointestinal dysfunction often seen in
patients with disseminated strongyloidiasis. Whereas no par-
enteral antihelminthic medications are licensed for human
use, parenteral ivermectin (Stromectol®; Merck, Whitehouse
Station, NJ) is approved for veterinary use and has been used
as subcutaneous treatment in a limited number of patients
with severe strongyloidiasis refractory to oral agents.”¢

This report describes four patients with disseminated
strongyloidiasis treated at New York Presbyterian Hospital/
Weill Cornell Medical Center in 2007-2009. None of the four
patients were candidates for oral ivermectin because of ileus,
diarrhea, or vomiting, which led to concern for poor drug
absorption. Three major themes emerge from these patients:
1) the mortality rate of disseminated strongyloidiasis remains
high, 2) parenteral ivermectin is difficult to obtain, and
3) there is little information to guide appropriate dosing. These
latter two hurdles impede optimal therapy of a life-threaten-
ing disease.

PATIENT 1

A 43-year-old women with diabetes and infected with
human T lymphotropic virus (HTLV-1) had emigrated from
Ghana six years ago and had abdominal pain, weight loss, and
an eosinophil count of 300 cells/uL. She had been previously
given a diagnosis of intestinal strongyloidiasis by routine stool
examination for ova and parasites at another center and had
been treated with multiple courses of oral ivermectin, most
recently three months before admission. At that time, she had
abdominal pain, weight loss, and diarrhea, and was treated
with a full course (200 pg/kg/day, twice a day) of oral iver-
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mectin, which she completed without vomiting or complica-
tion. Symptoms improved initially with treatment. However,
three weeks before admission, abdominal pain followed by
nausea, vomiting, diarrhea, and weight loss developed again
in the patient.

On admission, an abdominal computed tomography scan
showed ileal wall thickening, and stool and duodenal aspi-
rates contained many S. stercoralis larvae. Respiratory dis-
tress developed despite five days of oral ivermectin (12 mg/
day) which required mechanical ventilation. Bronchoalveolar
lavage (BAL) and an intradermal biopsy specimen of a ser-
piginous rash both showed many larvae.

Bowel ileus developed and repeat BAL still showed numer-
ous larvae. Because of presumed poor absorption of oral
ivermectin, rectal administration was initiated (6 mg, twice a
day"), and oral albendazole (400 mg/day) was added because
of concern for ivermectin resistance. The patient improved
slowly, and larvae were not present on repeat duodenal aspi-
rate or stool examination by concentrated wet mount tech-
nique (hereafter referred to as routine stool examination). She
was discharged on day 46 after completing a total of 37 days of
treatment with oral ivermectin and seven days of rectal ther-
apy. There was no evidence of relapse by symptoms, and the
results of seven subsequent stool examinations over the fol-
lowing month were negative.

PATIENT 2

A previously reported!* 61-year-old woman from South
Korea underwent renal allograft transplantation and was
admitted for high-dose corticosteroid treatment (methyl-
prednisolone, 500 mg/day) for acute rejection. In this setting,
severe disseminated strongyloidiasis with pulmonary involve-
ment developed and she was treated with oral and rectal iver-
mectin (12 mg/day orally and 12 mg/day rectally) and oral
albendazole (400 mg, twice a day). Treatment with steroids
were tapered and discontinued during the seven days after
diagnosis of strongyloidiasis. One week after diagnosis, BAL
remained positive for larvae and the eosinophil count peaked
at 700 cells/uL.. Poor absorption of anti-helminthic therapy
was suspected.

Emergency FDA and institutional review board (IRB)
approvals were obtained for subcutaneous ivermectin on
a compassionate use basis, under Investigational New Drug
(IND) # 078849. The patient’s family provided informed
consent and the nearby Animal Medical Center provided
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veterinary parenteral ivermectin at no cost. The approval/pro-
curement process took more than 24 hours. Ivermectin was
administered at a dose of 200 pg/kg divided into two aliquots
(one in each arm). This treatment was given three times with
48 hours between treatments. Repeat BAL three days after
treatment initiation showed no larvae, she responded clini-
cally, and there was no recurrence of infection. The latter find-
ing was deduced by the absence of larvae in five bronchial
washings through one-month post-admission, and no larvae
were seen in routine stool examinations one, five, and seven
months after admission.

PATIENT 3

A 76-year-old woman had emigrated from Jamaica at the
age of 18 years. She had severe non-bloody diarrhea. She had a
history of relapsed Waldenstrom macroglobulinemia compli-
cated by autoimmune thrombocytopenia and was treated with
dexamethasone (8 mg/day), with no recent increase in dose,
and intermittent rituximab. On admission, she was febrile,
hypotensive, and obtunded with decreased breath sounds and
a distended tender abdomen. Chest and abdomen computed
tomography scans showed bilateral pulmonary infiltrates, pul-
monary edema, and colon edema consistent with colitis. She
was intubated endotracheally and resuscitated, and broad-
spectrum antibacterial therapy and hydrocortisone (50 mg
intravenously every six hours) were initiated. Stool examina-
tion and a BAL specimen demonstrated many S. stercoralis
larvae. Oral ivermectin (12 mg) was given daily by nasogas-
tric tube and steroids were discontinued. Blood cultures grew
Escherichia coli and treatment with piperacillin-tazobactam
was continued. Large volume diarrhea persisted, as did the
requirement for mechanical ventilation. Repeat stool and
BAL samples showed persistent larvae. The peak eosinophil
count was 5,200 cells/uL.

On day 11, veterinary parenteral ivermectin was obtained
by the same compassionate use process described for patient 2,
which again took over 24 hours (IND # 104510). Subcutaneous
ivermectin (200 pg/kg) was administered in two aliquots, one in
each arm, every 72 hours, for a total of three doses. The patient
showed defervescence after the first treatment. Tracheal aspi-
rates and routine stool examinations were negative for larvae
on day 16, as were four additional respiratory samples over
the next month and 11 stool samples over the next 2.5 months.
Hydrocortisone (50 mg three times/day) was reinstituted to
treat thrombocytopenia, and was given in three pulses during
10 of the next 82 days. Her course was complicated by bacte-
rial infections, multiple organ dysfunction syndrome, and mal-
nutrition. The decision was made on day 102 to pursue comfort
care only. The patient died one week later; no post-mortem
examination was obtained.

PATIENT 4

A 59-year-old man who had emigrated from Puerto Rico
33 years previously had pleuritic chest pain, dyspnea, dys-
phagia, and diarrhea. Nine months before admission, che-
motherapy for metastatic thymoma was started along with
prednisone, 60 mg/day, for treatment of autoimmune hemo-
lytic anemia. He was afebrile, his lungs were clear, and results
of an abdominal examination were normal. Eosinophil count
was zero, and remained so throughout admission. Findings of a

chest radiograph were normal, but electrocardiogram showed
evidence of pericarditis that responded to treatment with
colchicine, ibuprofen, and continued prednisone. However,
weakness, severe abdominal pain, and distension, followed by
fever and hypotension, developed. Computed tomography of
the abdomen and pelvis showed ileus and bowel wall edema.
Treatment with prednisone was tapered starting on day seven
to 16 mg/day by day 16 and continued throughout admission
thereafter.

Stool examination on day nine demonstrated many S. sterc-
oralis larvae, and one dose of oral ivermectin (12 mg/day) was
given by nasogastric tube (Figure 1 and Table 1). However,
in view of a requirement for continuous nasogastric suction,
the FDA-and IRB-approval processes for parenteral iver-
mectin were initiated simultaneously, and drug was available
24 hours later. On day 10, in the setting of respiratory distress
requiring mechanical ventilation, E. coli bacteremia, and sep-
tic shock, BAL demonstrated many live larvae and subcuta-
neous ivermectin was administered once at a total dose of
200 pg/kg (100 pg/kg in each arm), under IND #104740. No
clinical response was observed over the next two days, repeat
respiratory samples showed persistent larvae in high numbers,
and a serpiginous, erythematous rash developed on the abdo-
men, consistent with larva currens.

On day 12, diarrhea had resolved and rectal ivermectin
(12 mg/day) by retention enema was begun. Additional doses
of subcutaneous ivermectin were also administered (Table 1).
On hospital day 14, results of a stool examination were
negative, but tracheal aspirate showed larvae, although fewer
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Ficure 1. Data for patient 4. A, Plasma and respiratory ivermec-
tin trough levels (ng/mL). X = doses of subcutaneous ivermectin; r =
doses of rectal ivermectin. Respiratory levels were obtained from tra-
cheal aspirates. B, Stool and respiratory parasite burdens. 0 = none;
1 = sparse; 2 = moderate; 3 = many. Respiratory samples included
bronchoalveolar fluid on days 11 and 20; tracheal aspirate on days 14,
18,19, 25, and 27; and sputum on day 23.
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TaBLE 1

Antihelminthic therapy and plasma and respiratory tract ivermectin concentrations for patient 4

Hospital day Ivermectin dose Albendazole dose (by nasogastric tube) ~ Plasma concentration (ng/mL)  Respiratory tract concentration (ng/mL)
9
10 200 pg/kg? by nasogastric tube, 200 pg/kg?
11
12 200 pg/kg? (x2),200 ug/kg rectal
13 7.9
14 200 pg/kg?, 200 pg/kg rectal 12.7
15 200 ug/kg?, 200 pg/kg rectal 15.7
16 200 pg/kg?, 200 pg/kg rectal 29.7
17 200 ug/kg?, 200 pg/kg rectal 33.6
18 200 pg/kg?, 200 pg/kg rectal 31.6
19 200 ug/kg?, 200 pg/kg rectal 354
20 200 pg/kg?, 200 pg/kg rectal
21 200 ug/kg?, 200 pg/kg rectal 400 mg, twice a day 33.9
22 400 mg, twice a day 77.4 4.7
23 400 mg, twice a day
24 400 mg, twice a day
25 400 mg, twice a day 77.9 29.3
26 400 mg, twice a day
27 400 mg, twice a day 99.8 26.9
28 400 mg, twice a day
29 400 mg, twice a day

in number. Persistent respiratory distress and fevers suggested
inadequate treatment. Thus, on day 14, the interval for subcu-
taneous ivermectin dosing was increased to daily. Plasma and/
or respiratory secretions were obtained starting on day 13 and
tested for ivermectin concentrations.” On day 13, after treat-
ments on day 5, 10 and 12, ivermectin was readily detected at
a concentration of 7.9 ng/mL (Table 1).

Results for ivermectin concentrations in plasma and respi-
ratory specimens and parasitologic response during the next
14 days are shown in Figure 1. On day 22, ivermectin was
detected at a concentration of 4.7 ng/mL in respiratory secre-
tions. Oral albendazole (400 mg, twice a day) was then added
by nasogastric tube given the lack of parasite clearance. Plasma
ivermectin concentrations on days 16-21, which suggested
an apparent steady state value of 30-35 ng/mL, levels in the
range (13.9-101.1 ng/mL) seen in healthy volunteers given sin-
gle 12-mg doses of oral ivermectin without adverse effect.!s!’
Anuria and ultimately fatal multiple organ dysfunction syn-
drome subsequently developed in the patient. The maximum
plasma ivermectin concentration was 99.8 ng/mL, and the con-
centration in tracheal aspirates increased to 26.9-29.3 ng/mL.
Levels of liver enzymes remained normal except for alanine
aminotransferase (84 U/L). Treatment with subcutaneous and
rectal ivermectin were discontinued on day 22, and the patient
died eight days later. Three days before death, stool but not
tracheal aspirate was free of larvae. Post-mortem examination
was not performed.

DISCUSSION

Although Strongyloides hyperinfection syndrome is rec-
ognized as an emerging global infectious disease with high
mortality rates,' timely diagnosis remains a problem!” and sys-
tematic preventive therapy is not used routinely.!® For exam-
ple, in the US, treatment errors occurred more often among
providers unfamiliar with immigrant health. When presented
with a hypothetical case scenario, physicians-in-training in
the United States had poor recognition (9%) of the need for

parasite screening and frequently advocated empiric corticos-
teroids (23%)." Delayed treatment leads to increased likeli-
hood of dissemination and severe disease. However, treatment
options for severe disease are limited, and are adapted from
recommendations for chronic, uncomplicated strongyloidi-
asis, for which ivermectin has been identified as optimal
treatment.”

The experience in our ivermectin-treated patients illus-
trates four main points. First, the mortality rate of dissemi-
nated strongyloidiasis remains high. Second, in critically ill
patients, absorption of oral ivermectin is likely to be subopti-
mal. Third, access to parenteral ivermectin remains restricted
such that timely drug procurement is difficult under the best
of circumstances. Fourth, in disseminated strongyloidiasis, the
pharmacokinetics, pharmacodynamics, and overall efficacy of
ivermectin are poorly understood.

For our patients,conventional oral ivermectin therapy failed,
as judged by persistent parasite burden. Treatment failure has
been associated previously with HTLV-1 infection and ste-
roid use.'®?! In our cases, failure was associated with HTLV-1
infection of only one patient. Ivermectin failure in the other
three cases was likely related to corticosteroid use, which may
impair host immune responses or alter parasite population
kinetics.”?> In all four of these cases, failure of oral ivermec-
tin therapy appeared to be related to poor drug absorption
caused by some combination of vomiting, diarrhea, and/or
ileus. Each patient was critically ill with pulmonary dissemi-
nation, all required intensive care and mechanical ventilation,
and two patients died. These cases underscore the severity
of disseminated strongyloidiasis and the difficulty of provid-
ing treatment in the likely presence of poor gastrointestinal
absorption.

In our cases, ivermectin was ultimately delivered by one or
more non-approved methods, either by the rectal and/or sub-
cutaneous route. This treatment appeared to eradicate infec-
tion in three of four patients, although our results may be
limited by the use of routine stool examination. Fresh stool
examinations by the Baermann sedimentation technique or
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stool culture on agar media would have had greater sensitiv-
ity and are now recommended.” Rectal dosing of ivermectin
required no special procedure, but provision of subcutaneous
ivermectin required labor-intensive coordination among the
primary caregivers, the IRB, the FDA officer assigned to com-
passionate IND reviews, a pharmacist, the Animal Medical
Center and the infectious diseases service. Physical proximity
of our medical center, five blocks from the Animal Medical
Center, facilitated access to veterinary ivermectin. In addi-
tion, we have now developed a clinical team to facilitate iver-
mectin access and have created form documents for approval
and consent for compassionate use of ivermectin, all of which
expedited the access process for our later cases. The maxi-
mum number of emergency, compassionate use IRB approv-
als allowed for a single drug at our institution is three, which
necessitated formal submission of a research protocol to con-
tinue to offer parenteral ivermectin therapy, anticipating that
we will continue to encounter disseminated strongyloidiasis.

This case series and similar case reports® ! raise the question
of whether and when subcutaneous ivermectin will become
more accessible. The number of cases for which this therapy
is indicated but not sought or obtained is unknown. More cen-
tralized data collection related to disseminated strongyloidi-
asis may provide incentive for industry to market this drug for
humans.

The pharmacokinetics, pharmacodynamics, and efficacy of
ivermectin in disseminated strongyloidiasis remain poorly
understood. Subcutaneous ivermectin is absorbed slowly and
the kinetics of rectal absorption are unknown. Because of high
mortality and potential delays in diagnosis and gaining access
to subcutaneous ivermectin, there is a desire to achieve sys-
temic levels of ivermectin without delay. The optimal mode
of ivermectin administration, therapeutic level, and dose and
duration of treatment have yet to be established. Use of rec-
tal and subcutaneous routes and splitting the site of subcuta-
neous injections are strategies to enhance the absorption of
ivermectin, but there is little or no pharmacokinetic data to
support this practice. It is also worth noting that some patients
have failed to respond to subcutaneous ivermectin, including
patient 4 in this report.!3

Thus, the delivery and efficacy of parenteral ivermectin in
extraintestinal Strongyloides infection merits further evalu-
ation. Early studies of ivermectin for intestinal versus non-
intestinal infection were performed in canines by using oral
formulation ivermectin only.>** One study showed efficacy
against extraintestinal Strongyloides,* whereas a second
study found that oral ivermectin was ineffective against tis-
sue dwelling, third-stage larvae.” Published human data on
the use of subcutaneous ivermectin for treatment of dissem-
inated strongyloidiasis are limited to the case reports men-
tioned above, and include both successes and failures. In our
experience, gastrointestinal clearance can occur despite ongo-
ing pulmonary infection (cases 2-4). This observation raises
the question of whether there is a failure of drug delivery or
failure of efficacy at a major site of involvement, the respira-
tory tract.

This report is the first to document that subcutaneous iver-
mectin can reach measurable concentrations in respiratory
secretions (case 4, Figure 1 and Table 1). In this patient, plasma
ivermectin concentrations also reached 99.8 ng/mL, which
is in the range of well-tolerated levels in healthy subjects
(50-100 ng/mL).2*?” However, because this patient was sedated

and paralyzed for mechanical ventilation, physical examina-
tion was of limited use in assessing for possible ivermectin-
associated neurotoxicity.®

In case 4, the sharp increase in concentrations after the
final ivermectin dose likely indicates a depot effect from sub-
cutaneous administration, as described.® The concentrations
in plasma and respiratory secretions in case 4 are well above
the reported value sufficient to paralyze 50% of S. ratti and
S. venezuelensis in vitro (2.4 ng/mL), although the therapeu-
tic concentration required in humans against S. stercoralis is
unknown.” Despite seemingly adequate concentrations, pul-
monary infection persisted in case 4. Possible explanations
include ivermectin-resistant Strongyloides, limited ivermectin
efficacy against non-intestinal stages of Strongyloides, or inad-
equate concentration of free ivermectin (despite detectable
total ivermectin concentrations). In each of our cases, iver-
mectin was used off-label because there are no approved non-
oral medications available for disseminated disease. Of note,
the package insert for oral ivermectin states that “ivermectin
activity against Strongyloides stercoralis is limited to the intes-
tinal stages.” As judged by previous reports of successful para-
site eradication by using parenteral ivermectin®!*2!* and our
cases 2 and 3, parenteral therapy may become the standard
approach for disseminated strongyloidiasis by default during
periods of likely poor absorption, but with sparse data to guide
its use.
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