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Background. Strongyloidiasis can cause devastating morbidity and death in immunosuppressed patients. Identification of reli-
able biomarkers for strongyloidiasis in immunosuppressed patients is critical for the prevention of severe disease.

Methods. In this cross-sectional study of solid organ transplant (SOT) candidates and recipients, we quantified Strongyloides-
specific IgG to the recombinant NIE-Strongyloides antigen and/or to a soluble extract of S. stercoralis somatic antigens (“crude
antigen”) using enzyme-linked immunosorbent assays (ELISAs). We also measured peripheral eosinophilia, 4 different eosinophil
granule proteins, and intestinal fatty acid-binding protein (IFABP).

Results. 'We evaluated serum biomarkers in 149 individuals; 77 (52%) pre-SOT and 72 (48%) post-SOT. Four percent (6/149)
tested positive by NIE ELISA and 9.6% (11/114) by crude antigen ELISA (overall seropositivity of 9.4% [14/149]). Seropositive
patients had higher absolute eosinophil counts (AECs) than seronegative patients (P = .004). AEC was positively correlated to the
levels of eosinophil granule proteins eosinophil cationic protein (ECP) and eosinophil peroxidase (EPO) (P < .05), while IFABP was
positively related to the 2 other eosinophil granule proteins (major basic protein [MBP] and eosinophil-derived neurotoxin [EDN];

Spearman’s r = 0.3090 and 0.3778, respectively; P < .05; multivariate analyses slopes = 0.70 and 2.83, respectively).

Conclusions.

This study suggests that, in SOT patients, strongyloidiasis triggers both eosinophilia and eosinophil activation, the

latter being associated with intestinal inflammation. These data provide insight into the pathogenesis of S. stercoralis infection in the

immunocompromised population at high risk of severe strongyloidiasis syndromes.
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Strongyloides stercoralis is a parasitic nematode endemic to
most tropical and subtropical countries where it chronically in-
fects more than 30 million people [1, 2]. Most S. stercoralis in-
fections in the United States are imported through travel to or
emigration from endemic areas. Chronic infection can persist
with minimal to no symptoms for decades, and often peripheral
blood eosinophilia is the only finding present [3].

Strongyloides stercoralis can cause significant disease in
the setting of acquired immunosuppression [4, 5], such as
solid organ transplantation (SOT) or corticosteroid use. The
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immunosuppressed state of these patients increases the risk
of hyperinfection syndrome and disseminated strongyloidi-
asis, conditions that are often underdiagnosed because they
present with nonspecific signs such as gram-negative bacterial
sepsis and/or meningitis. In SOT recipients, these severe mani-
festations are almost always due to accelerated autoinfection
rather than new infection, although cases of donor-derived
S. stercoralis hyperinfection have been described [6]. The large
population of immigrants from S. stercoralis—endemic coun-
tries living in the United States constitutes a significant group
at risk for both hyperinfection post-SOT and transmission of
infection after organ donation [7, 8]. The American Society
of Transplantation recommends that all potential solid organ
donors and recipients from endemic areas undergo serologic
screening for strongyloidiasis before SOT [9], although adher-
ence to this recommendation is far from universal [10].
Detection of S. stercoralis infection in patients preparing for
SOT is crucial to prevent severe disease post-SOT. The current
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standard for diagnosis of S. stercoralis infection is the direct
detection of larvae in stool; however, this method has signif-
icant limitations [11]. In practice, serologic screening is the
most commonly used method for strongyloidiasis diagnosis.
Most commercial clinical laboratories in the United States use
an enzyme-linked immunosorbent assay (ELISA) that meas-
ures the immunoglobulin G (IgG) response to a crude sol-
uble extract of Strongyloides somatic antigens derived from the
filariform larvae [11] (“crude antigen ELISA”). These assays
are reasonably sensitive (73-100%) but often lack specificity
(29-93%) due to antigenic cross-reactivity with other hel-
minths [11]. Moreover, the crude antigen ELISA is less sensitive
in immunocompromised individuals [12]. In contrast, NIE-
Strongyloides, a 31-kDa recombinant antigen identified from
S. stercoralis filariform larvae cDNA libraries [13], has been
used in both ELISA and luciferase immunoprecipitation system
assays and performs better than the crude antigen ELISA [14]
because of its more than 99% specificity.

Peripheral eosinophilia is a common finding in immuno-
competent hosts with strongyloidiasis, and the decline in ab-
solute eosinophil count (AEC) posttreatment has been used
as a marker of treatment success [3]. Eosinophil granule pro-
teins (major basic protein [MBP], eosinophil cationic protein
[ECP], eosinophil-derived neurotoxin [EDN], and eosinophil
peroxidase [EPO]) are highly proinflammatory and have been
used as markers of eosinophil activation in both parasitic [15]
and noninfectious inflammatory [16] conditions. Similarly, in-
testinal fatty acid-binding protein (IFABP), a serum marker
of intestinal epithelial cell injury [17], has been studied in im-
munocompetent populations with chronic intestinal parasitic
infections [18] but not, to our knowledge, in immunocompro-
mised individuals.

The main objective of this study was to assess the utility of the
NIE and crude antigen ELISAs as screening tools for chronic
S. stercoralis infection in SOT patients who have immigrated to
the United States from endemic regions. We have also identified
a potential mechanistic pathway for strongyloidiasis-related in-
testinal injury in these immunocompromised patients.

METHODS

Ethics Statement

This protocol (H-37115) was approved by the institutional re-
view boards of Baylor College of Medicine and Baylor St Luke’s
Medical Center (BSLMC). All participants provided written in-
formed consent. No individuals younger than 18 years old were
included. Patients consented in their primary language if not
conversant in English.

Study Population
Patients were recruited from the inpatient service at BSLMC
and the outpatient Infectious Diseases clinic at Baylor Clinic in

Houston, Texas, from April 2017 to May 2018. To be eligible,
patients must have been born in a S. stercoralis—endemic region
outside of the continental United States. All patients were either
listed for or had received a kidney, liver, heart, or lung trans-
plant (6 patients were listed for or received dual-organ trans-
plants). Patients were excluded if they reported a history of
treatment for S. stercoralis at any point in the past. Patients were
also excluded if they had received albendazole or ivermectin for
any reason in the previous year or were unable to consent due
to alteration in mental status.

Data regarding patient demographics, country of origin,
and immunosuppressant regimen at the time of consent were
obtained. Patients seen in the hospital were assessed for signs
or symptoms of S. stercoralis hyperinfection syndrome or dis-
seminated disease.

Sample Size Calculation

In prior studies, eosinophilia was present in 5-35% of patients
who tested positive for Strongyloides [7, 19, 20]. Assuming a
lower bound of Strongyloides seropositivity of 6% [20] and
standard 1-proportion confidence intervals (Cls) at 80% power
and 95% accuracy, we required a minimum of 130 subjects for
this study.

Sample Collection

We enrolled 149 patients by convenience sampling as de-
scribed above. Whole blood was collected from these patients
in standard EDTA tubes (for complete blood count with differ-
ential) as part of routine clinical care. Blood samples were taken
to the Laboratory of Clinical Parasitology and Diagnostics,
National School of Tropical Medicine, Baylor College of
Medicine (NSTM), for the investigational assays described
below (except for the Strongyloides crude antigen ELISA, which
was performed by commercial laboratories as described). Blood
samples were centrifuged to obtain plasma and stored at —80°C
in the NSTM until use.

Strongyloides Crude Antigen IgG ELISA

Strongyloides crude antigen ELISA was performed by a com-
mercial laboratory (Quest Diagnostics, Secaucus, NJ) if sent
from BSLMC or ARUP Laboratories (Salt Lake City, UT) if sent
from Baylor Clinic. Qualitative results were reported through
the institutional electronic medical record. Only 114 of 149 en-
rolled patients underwent crude antigen ELISA testing due to
physician ordering preference. To avoid selection bias error, in-
tention to test was implemented, and no patients were excluded
from calculations.

Strongyloides NIE IgG ELISA

Stored patient plasma was used to perform NIE ELISA on all
149 samples, as previously described [13]. Cutoffs for positives
and negatives were based on receiver operator curve analysis
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using sera from stool-positive Strongyloides-infected patients
and normal healthy controls. For the NIE ELISA, a standard
curve was used. The cutoff for a positive NIE ELISA result was
11.88 units/mL. The threshold was determined by setting the
sensitivity to 100% and specificity to 76.47%. This threshold
was chosen to optimize the number of positives in this high-risk
immunocompromised population. Because the crude antigen
ELISA is the current serologic standard of practice, patients
who were seropositive by either crude antigen or NIE ELISA
were considered to have strongyloidiasis.

Intestinal Fatty Acid—Binding Protein
Intestinal fatty acid-binding protein was measured at the
NSTM using a patient serum as previously described [21, 22].

Eosinophil Granule Proteins

The concentrations of 4 eosinophil granule proteins (MBP,
ECP, EDN, and EPO) were measured in patient serum using a
multiplex suspension array system at the National Institutes of
Health, as previously described [23].

Patient Follow-up

All patients with either a positive qualitative crude antigen
ELISA or a positive NIE ELISA result were notified, as was their
transplant provider. Patients were offered treatment with 2 daily
doses of 200 pg/kg of ivermectin.

Statistical Analysis

Clinical continuous variables were compared using Mann-
Whitney tests for nonparametric variables. Spearman correlation
tests were used to determine relationships between continuous
variables. Analysis of covariance was utilized for comparison of
linear correlations. P < .05 was considered significant. All of these
tests were performed using GraphPad Prism 8.2.1 (GraphPad
Software, San Diego, California, USA), while univariate regres-
sion, multivariate regression, and multivariate regression using
interaction covariates were performed using the Im function
included in the R version 3.6.1. Covariates for the regression
analyses included age, sex, number of immunosuppressive medi-
cations (0-3 medications), Strongyloides seropositivity, and AEC.

RESULTS

Testing and Demographic Information

Demographic data for patients enrolled in the study are de-
scribed in Table 1. Age and sex distributions were similar for
S. stercoralis-seropositive participants compared with those
who were seronegative. Participants were from 5 different
continents, although the majority were from North America,
specifically Mexico. Our study cohort had similar numbers of
participants awaiting SOT (n = 77, 52%) as post-SOT (n = 72,
48%). The most common transplanted organ was kidney (56%
of post-SOT patients), followed by liver (32%), heart (6%), and

lung (6%). Two patients underwent dual liver/kidney trans-
plants, and 1 patient underwent a dual heart/lung transplant.

Strongyloides Serology Results: Crude Antigen ELISA and NIE ELISA

Of 149 participants tested using the NIE ELISA, 6 (4.0%) were
positive. Of 114 participants tested using the crude antigen
ELISA, 11 (9.6%) were positive. Of these 11 participants who
were seropositive by the crude antigen ELISA, only 3 were also
positive by the NIE ELISA. One-hundred and three participants
tested negative via the crude antigen ELISA and, of these, 3
(2.9%) tested positive using the NIE ELISA. To reduce selection
bias from the incomplete commercial testing, we considered
positive serology results from either test showing an overall
S. stercoralis seroprevalence of 9.4% (14/149 participants).

Eosinophilia Is Associated With Strongyloides stercoralis Seropositivity
Strongyloides stercoralis-seropositive participants had signif-
icantly higher geometric mean (GM) AECs compared with
those who were seronegative (212 vs 82 cells/mL, P =.004)
(Figure 1A). This finding was driven by the pre-SOT population
(AEC = 240 cells/mL for seropositive participants vs 84 cells/
mL for seronegative; P = .0014), with a positive trend in post-
SOT patients (GM, 183 vs 30 cells/mL; P = .34). Multivariate
analysis showed a positive relationship between Strongyloides-
specific IgG and AEC (Figure 1B). This model revealed that
AEC increased by 36.9 cells/mL for every 1-unit/mL increase
in Strongyloides-specific IgG in positive Strongyloides serology
samples (95% CI, 20.84-52.87; P < .001).

Eosinophil Activation

Eosinophilia

Is Associated With Strongyloides-induced

Using linear regression, the eosinophil granule protein ECP
showed a positive relationship to AEC in S. stercoralis—seroposi-
tive compared with —seronegative patients (R* = 0.55 vs 0.003, re-
spectively; P < .001) (Figure 2A). Multivariate analysis showed
a positive relationship between S. stercoralis-specific IgG and
2 eosinophil granule proteins (ECP and EPO) (Figure 2B).
These models revealed that in Strongyloides—positive serology
samples, every 1-unit/mL increase in S. stercoralis-specific IgG
related to a 251.9-ng/mL increase in ECP (Figure 2B) and a 1.2-
ng/mL increase in EPO. An inverse relationship was noted for
MBP (see Supplementary Figure 2).

Intestinal Inflammation Associated With Eesinophil Activation

Two eosinophil granule proteins, MBP and EDN, were as-
sociated with increasing IFABP (Figure 3). This correlation
was confirmed via both univariate (Spearman’s r: 0.03090 and
0.3778, respectively; P < .05) and multivariate testing (slope of
0.70 and 2.83, respectively; P < .05).

DISCUSSION

Strongyloidiasis is one of few helminth infections that can
last lifelong in untreated patients [24]. Infection is usually
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Table 1. Demographic Data and Results of Strongyloides Serological Testing
All (N = 149) Strongyloides Positive (n = 14) Strongyloides Negative (n = 135)
n % n % n % P

Age in years (median) 149 58 years 14 9.4 135 90.6
Sex .95

Male 92 63 9.8 83 90.2

Female 53 37 9.4 48 90.6
Nationality .90

African 5 3 0 0 5 100

Asian 22 15 3 14 19 86

Latin 116 78 1 9 105 91

Middle Eastern 5 3 0 0 5 100

European 1 1 0 0 1 100
Continent of origin/exposure .048

South America 4 3 0 0 4 100

Central America 21 14 6 28.6 15 71.4

North America 89 60 4 4.4 82 95.5

Africa 5 3 0 0 5 100

Asia 23 15 1 4.3 22 95.6

Middle East 5 4 0 0 5 100

Europe 1 1 0 0 1 100
Transplant status .78

Pretransplant 77 52 9 1.7 68 88.3

Posttransplant 72 48 B) 6.9 67 93.1
Absolute eosinophil count, cells/mL 212 (0-1620) 82 (0-700) .004
MBP ng/mL 233.2 (45.2-504.5) 2175 (0-1273.0) .57
ECR ng/mL 616.2 (190.8-3257.8) 718.2 (171.8-8464.1) .30
EPO, ng/mL 0.0 (0-39.5) 0.0 (0-39.5) .62
EDN, ng/mL 46.4 (0-319.4) 364.6) .39
IFABP pg/mL 1710 (719.1-2968) 1731 (46.6-3969) .70

Data are presented as number and percentage unless otherwise indicated.

Abbreviations: ECP, eosinophil cationic protein; EDN, eosinophil-derived neurotoxin; EPO, eosinophil peroxidase; IFABP intestinal fatty acid—binding protein; MBR major basic protein.

subclinical in immunocompetent hosts; in fact, strongyloidi-
asis is often diagnosed incidentally when the clinician notes
unexplained peripheral eosinophilia. In contrast, in immuno-
suppressed hosts, S. stercoralis can cause significant morbidity

and mortality in the absence of early clinical indicators such as
eosinophilia. Dangerous syndromes caused by this parasite, in-
cluding hyperinfection and dissemination, occur in individuals
with acquired immune system alterations, including infection
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Figure 2.  Strongyloides seropositivity is associated with increased eosinophil granule proteins. A, Strongyloides stercoralis—seropositive patients had eosinophilia associ-
ated with increased ECP and EPO compared with seronegative patients. B, For every 1-unit/mL increase in S. stercoralis IgG, ECP increased by 251.9 ng/mL, and EPQ increased
by 1.2 ng/mL. Multivariate analysis results for all eosinophil granule proteins were compared to S. stercoralis 1gG concentration (see Supplementary Figure 2). Abbreviations:
ECP. eosinophil cationic protein; Eos, eosinophil; EPO, eosinophil peroxidase; IgG, immunoglobulin G; Strongy, Strongyloides stercoralis.

with human T-lymphotropic virus (HTLV)-1, treatment with
corticosteroids or other immunosuppressive medications, or
hematopoietic stem cell or SOT [4].

One objective of this study was to assess the utility of 2 dif-
ferent serologic tests (the crude antigen ELISA and the NIE
ELISA) as screening tools for chronic S. stercoralis infection in
SOT patients who have emigrated to the United States from en-
demic regions. Four percent of our study subjects were sero-
positive by the specific NIE-based ELISA, whereas 9.6% were
positive by the crude antigen ELISA (overall prevalence was
9.4%). One explanation for the discordance noted between the
crude antigen ELISA and NIE ELISA results is the possibility
of crude antigen cross-reactivity with homologous helminth
proteins found among various nematodes. Our overall sero-
prevalence rate is higher than that noted in a previous study of
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Figure 3. Increased eosinophil granule proteins MBP and EDN (data not shown)
correlated with increasing IFABP, a marker of intestinal inflammation. This correla-
tion was validated with both univariate and multivariate testing (see Supplementary
Figure 3). Abbreviations: EDN, eosinophil-derived neurotoxin; IFABP, intestinal fatty
acid-binding protein; MBP. major basic protein.

Latin American immigrants awaiting SOT (Fitzpatrick et al [20]
measured a 6.7% seroprevalence using a crude antigen ELISA).
The relatively high S. stercoralis seroprevalence in SOT candi-
dates and recipients from endemic parts of the world highlights
the need to test all at-risk patients prior to immunosuppression
and, where diagnostic tools are not available, to empirically
treat all at-risk patients with ivermectin.

Besides determining the seroprevalence of strongyloidi-
asis in peri-SOT patients from endemic regions, an addi-
tional aim to was to investigate strongyloidiasis-associated
eosinophilia (including degranulation cascades involving the
eosinophil granule proteins) and its relationship to intestinal
inflammation. The existing literature strongly supports a
role for the eosinophil in the pathogenesis of a handful of di-
sease categories, including tissue-invasive parasitic diseases
[25]. Eosinophils have been shown to have both pro- and an-
ti-inflammatory properties and have been thought to play an
essential role in tissue remodeling. Thus, we used peripheral
eosinophilia as a surrogate marker of innate immune acti-
vation related to possible parasitic infection. As anticipated,
AEC was higher in patients who were S. stercoralis seropos-
itive (Figure 1).

Eosinophils function, in part, by selectively secreting pre-
formed cationic proteins from their secondary granules. We
expected to see a direct relationship between peripheral eosin-
ophilia and serum levels of eosinophil granule proteins. To this
end, we measured 4 eosinophil granule proteins (MBP, ECP,
EDN, and EPO) as markers for tissue-based eosinophil acti-
vation/degranulation. Our results indicate that patients with
elevated AEC indeed have increased levels of ECP and EPO
(Figure 2). ECP is known to be part of the allergic response and
has been implicated in the pathogenesis of inflammatory bowel
disease (IBD) [26]. EPO is a potent antinematode protein [27]
and also has been implicated in IBD [28].
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Intestinal fatty acid-binding protein, an intracellular pro-
tein released from epithelial cells of the gastrointestinal tract
after mucosal damage, also has been studied as a potential bi-
omarker for intestinal inflammation due to parasitic infection.
However, its utility in the SOT population is not well defined.
Intestinal fatty acid-binding protein has been associated with
intestinal parasite infection in immunocompetent individuals
[15] and a subset of immunocompromised patients (patients
with human immunodeficiency virus coinfected with visceral
leishmaniasis) [29]. In our study, we sought to evaluate the
utility of IFABP as a marker of strongyloidiasis-related intes-
tinal inflammation. We found that IFABP is associated with the
levels of these eosinophil granule proteins (Figure 3). Although
we found no difference in IFABP when comparing seroposi-
tive with seronegative participants, we did find that IFABP
is associated with the levels of 2 eosinophil granule proteins,
MBP and EDN. In murine studies, MBP is important in im-
munologic control of helminth burdens [30]. MBP may also
contribute to loss of intestinal mucosal barrier function, which
could explain its relationship with IFABP in our study [31].
EDN has an indirect impact on helminths by having a role
in activating the toll-like receptor-myeloid dfferentiation pri-
mary response 88 (TLR2-MyD88) signal pathway and, even-
tually, helping to drive a T-helper 2 (Th2) response [32]. Like
the other eosinophil granule proteins, EDN has also been im-
plicated in intestinal inflammation seen in IBD [28]. Together,
these observations suggest that eosinophil granule protein
activation in the setting of strongyloidiasis may drive innate

immune responses in the intestinal mucosa that trigger intes-
tinal inflammation.

Strongyloidiasis is challenging to study in immunocom-
promised patients due to the chronic nature of the infection
and imperfect diagnostic methods. In addition, the relatively
small numbers of individuals from S. stercoralis—endemic re-
gions who are candidates for transplant in the United States
make it difficult to enroll an adequate number of patients
to study this disease, even in a diverse immigrant commu-
nity such as ours. Nevertheless, in our study we were able to
detect and treat 14 S. stercoralis—seropositive SOT patients.
While prior studies have extensively evaluated both the sen-
sitivity and specificity of the NIE ELISA and the crude an-
tigen ELISA [13, 14], lack of stool samples for microscopy
limited our ability to evaluate the performance of these sero-
logic assays in our study participants. Thus, the S. stercoralis
prevalence in our study could be underestimated in the
immunosuppressed participants [33]. Finally, due to the
low sample size we did not include transplant status as a
covariate in the multivariate analysis, although the amount
of immunosuppressive medications was considered in de-
termining eosinophilia and eosinophil degranulation. More
extensive, multicenter studies should be performed to more
accurately interpret S. stercoralis prevalence in the US pop-
ulation at large and those undergoing SOT. Studies of this
nature would also allow for a thorough evaluation of eosino-
phil activation and intestinal inflammation in the setting of
strongyloidiasis.

CONCLUSIONS

It is critical to diagnose and completely treat strongyloidiasis before
immunosuppression in SOT patients to prevent the possibility of
hyperinfection and lethal dissemination syndromes. As traditional
diagnostic methods can be challenging in this vulnerable popula-
tion due to their immunosuppressed state, it is essential to under-
stand the mechanism of S. stercoralis intestinal pathophysiology in
order to identify surrogate biomarkers of infection that may facil-
itate diagnosis. This study is the first to evaluate S. stercoralis sero-
prevalence, eosinophil activation, and intestinal inflammation in
an SOT population. As a consequence of our findings, we propose
a mechanistic approach to S. stercoralis pathophysiology in SOT
patients (Figure 4) that will facilitate strongyloidiasis diagnosis.
Those infected will have activated eosinophils, even in the absence
of peripheral eosinophilia. These activated eosinophils release spe-
cific eosinophil granule proteins, which contribute to intestinal ep-
ithelial cell damage. Further study of these pathways will lead to
improved strongyloidiasis diagnosis and management strategies
in patients undergoing SOT evaluation, as well as a better under-
standing of Strongyloides-related intestinal inflammation, which
likely complicates the SOT patient’ ability to absorb nutrients and
medication and places their transplanted organ(s) at risk.
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