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a b s t r a c t

Objectives: Eosinophilia in travelers and migrants returning from the tropics is often associated with
invasive helminthic infections. Total IgE is considered a useful additional diagnostic parameter; however,
both parameters are also increased in various other non-helminthic diseases.
Methods: We retrospectively evaluated travelers and migrants seen at our department between
September 2007 and May 2014. Patients with an absolute eosinophil count �500 cells/ml were consid-
ered for further analyses.
Results: Among 6618 returned travelers and migrants, 154 (2.3%) had a total eosinophil count �500 cells/
mL. Of these, 71 patients (46%) were diagnosed with helminthic infection. In an additional 62 patients
(40%) with eosinophilia a final diagnosis was found, including non-helminthic infections in 34 patients
and non-infectious causes in 28 patients, while in 21 patients (14%) no diagnosis was made. Patients with
helminthic infections had higher eosinophil counts than travelers and migrants with other diagnoses
(median 981 vs. 710 cells/ml; p ¼ 0.001), while total IgE levels (n ¼ 70; 172 vs. 152 kU/l; p ¼ 0.731) were
similar in both groups.
Conclusion: Eosinophil count but not total IgE levels are associated with helminthic infections in
returning travelers and migrants with eosinophilia. Our results do not support the use of total IgE to
differentiate helminthic infections from other causes of eosinophilia in this population.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Eosinophilia is a complex immune-mediated response to a
diverse set of factors. Activated eosinophils migrate to inflamma-
tion sites and release a differentiated set of cationic proteins from
their granula [1]. These cytotoxic proteins are amainstay in the host
defense against invasive helminthic infections. However, blood
eosinophilia, which is commonly defined as an absolute eosinophil
count �450 or �500 cells/mL, is also seen in patients with allergic
disorders, vasculitis, malignant diseases, autoimmune disorders,
skin diseases, endocrine conditions, primary immunodeficiencies,
drug reactions, and, occasionally, even in some non-helminthic
infections like coccidioidomycosis or sarcocystosis [2e4]. Another
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definition of eosinophilia considers a relative eosinophil count �5%
of all leukocytes [5].

The prevalence of eosinophilia is highly dependent on the pa-
tient population and ranges between 0.1 and 1.5% in the general
European and Northern American population, and between 5 and
31% in migrants, and somewhere in between in returning travelers
[6,7]. Male travelers and travelers with longer stays in endemic
countries are more likely to present with eosinophilia. Regarding
destinations, most patients with eosinophilia had returned from
sub-Saharan Africa, followed by South- and Southeast Asia and
Latin America [8e16]. The probability of identifying a specific
diagnosis correlates with the level of the eosinophil count. Often a
conclusive diagnosis cannot be found [9,10,17]. Invasive helminthic
infections are an important cause of blood eosinophilia in returning
travelers andmigrants. Prevalence rates strongly depend on several
factors (e.g. travel destination, diagnostic methods, etc.)
[8,9,11,15e18]. Migrants, especially from West and Central Africa,
have a higher prevalence up to 76% [19,20]. The relative risk of
helminthic infection is about 12-fold higher compared to the risk of
allergic diseases in patients with eosinophilia from tropical and
subtropical helminthes-endemic regions [21]. Several studies re-
ported that about 35% of travelers with eosinophilia caused by
helminthic infections are asymptomatic [8,9]. In migrants from
tropical and subtropical helminthes-endemic regions the number
of asymptomatic patients with helminthes-related eosinophilia is
considerably higher with a prevalence of up to 81% [10,15].
Gastrointestinal symptoms, fatigue and skin lesions are the most
common clinical signs in those travelers and migrants that become
symptomatic with eosinophilia [9,10].

Eosinophils play an important role in the fight against invasive
helminthic infections, but the positive predictive value for the
detection of helminthic infections in returning travelers or mi-
grants strongly depends on the context e it will be higher in
populations with higher prevalence of helminthic infections [9,17].
It has been suggested that the total immunoglobulin E (IgE) might
be an additional helpful laboratory parameter for the diagnosis of
helminthic infections, although it is unspecific and elevated total
IgE levels are also found in other disease entities such as atopic
diseases [22e24]. The presence of helminthes induces a T-helper
cell type 2 (Th2) immune response with a mainly interleukin-4 (IL-
4) mediated increase of IgE antibodies [25,26]. Patients with in-
testinal helminthes have elevated serum levels of IL-4 and total IgE
[27]. The latter is suggested to reflect the level of Th2 cell activation
[28]. Elevated total IgE levels show a positive correlation with
helminthes egg loads, whereas anti-helminthic treatment de-
creases total IgE levels [29e31]. Some studies reported higher total
IgE levels in patients with helminthic infections compared to pa-
tients with atopic diseases or when co-infected with helminthes
[32,33]. IgE levels are commonly elevated in patients with eosino-
philia and vice-versa and both parameters are considered as diag-
nostic biomarkers for helminthic infections [34,35].

Diagnostic evaluation of blood eosinophilia is often challenging
and clear guidelines are missing [22]. The aim of our study was to
describe patients with eosinophilia presenting to a travel clinic and
to evaluate whether demographic factors, the eosinophil count, or
total IgE levels are predictive of a final diagnosis of a helminthic
disease.

2. Materials and methods

2.1. Study setting and design

We retrospectively evaluated all patients seen at our in- or
outpatient department between September 2007 and May 2014.
Patient data were retrieved from the clinical database of the

University Medical Centre Hamburg-Eppendorf. Every patient
presenting to our department received a standardized question-
naire. The questionnaire consisted of questions on age, sex, country
of birth, country of residence, as well as the travel destinations and
durations of the last five years. It is used to inform the medical
consultation and this information is included in the patient file. All
other clinical data (laboratory values, symptoms, and diagnoses)
were retrieved from the electronic patient file. For further analysis
only patients with an absolute eosinophil count �500 cells/ml on at
least one visit at our clinic were considered.

2.2. Definition of a helminthic infection

The diagnostic workup of returning travelers and migrants with
eosinophilia is guided by accredited, in-house standard operating
procedures in the diagnostic department of the Bernhard Nocht
Institute for Tropical Medicine, the national Reference Centre for
Tropical Infections. Stool microscopy is performed in all patients
using the formol-ether-concentration technique, as is serology
against strongyloides using an enzyme-linked immunosorbent
assay (ELISA) with specific strongyloides extracts as antigens. If the
patient is returning from a bilharziosis-endemic region or a filaria-
endemic region (mainly Sub-Saharan-Africa) a schistosoma-
serology or a filarial serology is performed using ELISAa with
crude schistosoma or filarial antigen extracts as well as indirect
immunofluorescence (IIFs) using histological sections of respective
helminths. If the eosinophil count is higher than 1500 eosinophils/
ml stool samples are also analyzed for nematode larvae using the
Baermann technique. A final diagnosis of a helminthic infectionwas
either defined by direct detection of helminths/eggs in stool sam-
ples or by indirect detection using serology in combination with a
clinical response to specific therapy, or typical presentation and
travel history with exclusion of other possible etiologies. Eosinophil
count was determined bymicroscopy of peripheral blood smears in
the clinical laboratory for tropical medicine at the Bernhard-Nocht-
Institute, Hamburg. Total IgE levels were determined in the central
laboratory of the University Medical Centre Hamburg-Eppendorf
with levels <100 kU/L as the normal reference values.

2.3. Statistical methods

All data were collected in accordance with legal requirements
regarding data protection and medical confidentiality. Retrieved
data were pseudonymized and entered into an Excel spreadsheet,
version 2016 (Microsoft, Mountain View, California), and further
analyzed by STATA IC/13.1 (StataCorp LP, College Station, Texas,
USA). Characteristics of travelers were described by their absolute
and relative counts for categorical variables, and by the median and
the range for non-normally distributed continuous variables. For
the exploratory analyses comparing travelers with a confirmed
helminthic infection to travelers with other diagnoses, an associa-
tionwith categorical variables was tested by a chi-square test, while
an association with non-normally distributed continuous variables
was tested by the Wilcoxon rank-sum test. To allow for confound-
ing effects, a multivariate logistic regression model was built. We
included variables, which showed any association (p ¼ 0.1) with
being diagnosed with a helminthic infection in the univariate an-
alyses. Eosinophil count was grouped into two categories with a
threshold of 1500/ml. This threshold is commonly used to differ-
entiate mild frommoderate to severe eosinophilia and is part of the
diagnosis of hyperosinophilia [36,37]. The final destinations were
regrouped to lower the number of subgroups into sub-Saharan
Africa, South- and Southeast Asia, and other (including all other
destinations). Similarly travel type was regrouped into non-visiting
friends and relatives (VFR) returning traveler, VFR returning
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traveler, immigrants, and others (including all other travel types:
foreign visitors and expatriates).

3. Results

During the surveillance period 8354 returned travelers and
migrants were seen at our in- or outpatient clinic. A total of 1736
patients had to be excluded. Of those, a differential blood count was
absent/not performed in 1732 patients and data of four patients
were recorded twice (Fig. 1).

Out of 6618 returned travelers and migrants who fulfilled in-
clusion criteria 154 patients (2.3%) were identified with a total
eosinophil count �500 cells/mL. Baseline characteristics at presen-
tation are listed in Table 1. Most of the patients with eosinophilia
were seen at the outpatient clinic (94%). The median eosinophil
count was 762 cells/ml at presentation. The male:female ratio was
1.6:1 and the median age was 33 years. The majority of patients
returned from sub-Saharan Africa (43%) and Southeast Asia (31%).
Reasons for travelling were mainly travel unrelated to visiting
friends and relatives (mostly for touristic reasons) (72%), followed
by migrants (13%), and VFR (10%). Gastrointestinal symptoms (36%)
were the most common clinical presentation reported followed by
fatigue (25%), and skin lesions (23%); multiple answers were
possible (Table 2). Fever (12%), respiratory symptoms (9%), and/or
neurological disorders (7%) were less frequently reported. Nineteen
returning travelers and migrants (12%) were asymptomatic and
eosinophilia was detected coincidentally.

Seventy-one patients (71/154, 46%) with an eosinophil count
�500 cells/mL were diagnosed with helminthic infections. Themost
common helminthic infection was schistosomiasis (29/71), fol-
lowed by strongyloidiasis (12/71), and infections with Ascaris
lumbricoides (6/71), Ancylostoma duodenale (5/71), Loa loa (4/71), or
cutaneous larva migrans (4/71). Other helminths were less
frequently detected including Echinococcus granulosus (2/71), Fas-
ciola hepatica (2/71), Dirofilaria imitis (1/71), Dracunculus

medinensis (1/71), Enterobius vermicularis (1/71), filariasis (un-
specified) (1/71), Gnathostoma spinigerum (1/71), Hymenolepsis
nana (1/71), and Opisthorchis species (1/71). In further 62 patients
(62/154, 40%) with eosinophilia a final diagnosis was found
including non-helminthic infections in 34 (34/154, 22%) patients
and non-infectious causes in 28 patients (28/154, 18%), while in 21
patients (21/154, 14%) no diagnosis was made. Final diagnoses of all
154 patients with an eosinophil count �500 cells/mL are listed in
Table 3.

Patients with confirmed helminthic infections had significantly
higher eosinophil counts than travelers with other diagnoses
(median 981 vs. 710 cells/ml; p ¼ 0.001). There was no difference in
the eosinophil count between non-helminthic infections and other
non-infectious diagnoses. 70 patients have been tested for IgE.
There was no difference in baseline characteristics between pa-
tients tested for IgE and those not tested (Supplementary Table S1).
Of 70 patients with data on IgE levels, the median IgE was 158 kU/L
(range 4e5000). Elevated IgE (>100kU/L) was found in 43 (61%).
Twenty-four out of 43 patients with elevated IgE were diagnosed
with a helminthic infection, compared to 15 out of 27 with normal
IgE levels, thereby not showing an association between elevated IgE
and helminthic infections (p ¼ 0.983). Similarly, absolute IgE levels
did not differ between the two groups (172 kU/L in those with a
helminthic infection vs 152 kU/L in those without, p ¼ 0.731).
Additionally therewas no correlation between the eosinophil count
and IgE level (Fig. 2).

Age, sex, and duration of travel were not associated with final
diagnosis of helminthic infection. However the travel region and
the type of traveler are major factors which influence the risk of a
helminthic infection. The vast majority of migrants (18/20) with
eosinophilia had a final diagnosis of helminthic infection, while less
than half of returning travelers (47/78) had a final diagnosis of
helminthic infection. Helminthic infections were found more often
in travelers returning from sub-Saharan Africa than from other
tropical regions (Table 4). To adjust for any confounding effects, we

Fig. 1. Flow chart of returned travelers with eosinophilia, September 2007 to May 2014.
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built a multivariate model, which confirmed the strong association
between travelling to sub-Saharan Africa and being diagnosed with
a helminthic infection, as well as between immigrants and being
diagnosed with a helminthic infection (Table 5).

4. Discussion

We describe a cohort of returning travelers and migrants with
eosinophilia in which approximately half of patients could be
diagnosed with a helminthic infection. Our study results showed
that exposure variables (such as the type of traveler and the
destination), as well as the eosinophil count are associated with
helminthic infections in returning travelers and migrants with
eosinophilia, but IgE levels are not.

When helminthic disease is confirmed, treatment is often sim-
ple, safe and cost-effective. Diagnostic work-up, however, is often
complex and requires highly specialized laboratory resources and

Table 1
Baseline characteristics of patients presenting with eosinophilia.

n 154
Sex
Male 94 (61%)
Female 60 (39%)

Age, years
Median (range) 33 (5e77)

Type of traveler
Returning traveler (non-VFR) 111 (72%)
Returning traveler (VFR) 15 (10%)
Immigrant 20 (13%)
Foreign visitor 6 (4%)
Expatriate 3 (2%)

Type of clinic visit
Outpatient 144 (94%)
Inpatient 10 (6%)

Region of travel
Sub-Saharan Africa 66 (43%)
South and Southeast Asia 47 (31%)
Central and South America 12 (8%)
Europe 11 (7%)
Middle East 7 (5%)
Oceania 2 (1%)
Northern Africa 2 (1%)
Northern America 1 (1%)
Multiple regions 6 (4%)

Eosinophil count (cells/ml)
Median (range) 762 (500e15100)

IgE, kU/L [n ¼ 70]
Median (range) [normal <100] 158 (4e5000)

Values represent no. (%).
VFR: Visiting friends and relatives. n: Number. IgE: Immunoglobulin E.

Table 2
Diagnostic categories of patients presenting with eosinophilia
(n ¼ 154).a

Presenting complaint n (%)

Gastrointestinal tract 55 (36%)
Fatigue 38 (25%)
Skin 35 (23%)
Laboratory abnormalitiesb 22 (15%)
Fever 19 (12%)
Screening 19 (12%)
Respiratory tract 14 (9%)
Neurological 10 (7%)
Otherc 26 (17%)

n: Number.
a More than one item per patient possible.
b Other than eosinophilia.
c Items accounting for less than 5% were subsumed under

“other”.

Table 3
Final diagnoses of 154 patients presenting with eosinophilia.

Final diagnosis n (%)

Patients diagnosed with helminthic infections (n ¼ 71)

Schistosomiasisa

- Diagnosis by serology
- Diagnosis by microscopy: Schistosoma mansoni
- Diagnosis by microscopy: Schistosoma haematobium

29 (19%)
- 16
- 10
- 3

Strongyloides stercoralis 13 (8%)
Ascaris lumbricoides 6 (4%)
Ancylostoma duodenale 5 (3%)
Cutaneous larva migrans 4 (3%)
Loa loa 4 (3%)
Echinococcus granulosus 2 (1%)
Fasciola hepatica 2 (1%)
Dracunculus medinensis 1 (<1%)
Enterobius vermicularis 1 (<1%)
Filaria spp. 1 (<1%)
Gnathostoma spinigerum 1 (<1%)
Hymenolepis nana 1 (<1%)
Opisthorchis spp. 1 (<1%)

Patients with other diagnoses (n ¼ 83)

Unknown cause 21 (14%)
Traveler's diarrhea 13 (8%)
Atopic disease
- Atopic eczema
- Urticaria
- Not specified
- Contact dermatitis
- Chronic sinusitis
- Nutrient deficiencies

12 (8%)
- 5
- 2
- 2
- 1
- 1
- 1

Blastocystis hominis 7 (5%)
Asthma bronchiale 4 (3%)
Inflammatory bowel disease 4 (3%)
Hypereosinophilic syndrome 3 (2%)
Malignant disease 3 (2%)
Dientamoeba fragilis 2 (1%)
Entamoeba histiolytica 2 (1%)
Malaria (1 M. falciparum, 1 M. vivax) 2 (1%)
Sarcocystis spp. 2 (1%)
Borrelia recurrentis 1 (<1%)
Dengue virus 1 (<1%)
Drug reaction 1 (<1%)
EGPA 1 (<1%)
Giardia lamblia 1 (<1%)
Psoriasis vulgaris 1 (<1%)
Pyoderma 1 (<1%)
Sepsis of unknown focus 1 (<1%)

EGPA: Eosinophilic granulomatosis with polyangiitis.
a Including three patients with Katayama fever.

Fig. 2. Association of total IgE level and eosinophil count (n ¼ 70; R2 ¼ 0.006;
p ¼ 0.543).

H.J.F. Salzer et al. / Travel Medicine and Infectious Disease xxx (2017) 1e74

Please cite this article in press as: Salzer HJF, et al., Helminthic infections in returning travelers andmigrants with eosinophilia: Diagnostic value
of medical history, eosinophil count and IgE, Travel Medicine and Infectious Disease (2017), http://dx.doi.org/10.1016/j.tmaid.2017.09.001



clinical know-how. Patients with eosinophilia returning from the
tropics may benefit from consulting an expert in tropical medicine,
since helminth infection is the most common reason for blood
eosinophilia in this patient population ranging from 14 to 67%
depending on the study population (migrants > travelers) and
study design [8,9,11,15e18,38], as is the case in our study (46%). In
contrast to other studies we could find a final diagnosis in the vast
majority of patients with eosinophilia (86%; 133/154 patients). This
might be due to the pre-selected population of mostly ill-returned
travelers andmigrants presenting to a specialized travel clinic and a
standardized work-up of patients.

Prospective studies in un-selected migrants and refugees
showed that the majority of patients with eosinophilia are
asymptomatic [10,15]. However, we only identified 19 asymptom-
atic patients (12%), who presented for screening after returning
from the tropics e while the majority of patients presenting to our
travel clinic had some post-travel symptoms. Hence asymptomatic
travelers and migrants with eosinophilia are underrepresented in
our study, thereby limiting generalizability to the overall popula-
tion of travelers and migrants.

Almost all migrants with eosinophilia (18 of 20 migrants) had
helminthic infections with schistosomiasis (19%) and strongyloi-
diasis (8%) being the most common. Both of these are associated
with deleterious health effects (e. g. portal hypertension, bladder
cancer, hyperinfection syndrome). Similar results of species distri-
bution with a predominance of schistosomiasis and strongyloidi-
asis were reported by other studies [8,15]. Our data were collected
before the present migration movements to Europe emerged.
Hence, the pathogen distribution might have changed since our
study population differs from the present refugees who are pre-
dominately from Syria, Afghanistan, and Somalia. Currently, there
are no commonly accepted European guidelines available for the
diagnostic work-up of travelers and migrants presenting with
eosinophilia. Based on epidemiological data on imported diseases,
some experts recommend structured screening programs guided
by the geographic history and cardinal symptoms [22]. The British
Infection Society guidelines group recommends stool microscopy
and strongyloides serology in all travelers returning from the tro-
pics and additionally, terminal urine microscopy and serology for
schistosomiasis in those returning from Africa [39], however, this

Table 4
Association of patient characteristics and diagnosis of a confirmed infection.

Confirmed helminthic infectiona Other diagnosis p value

n 71 83 e

Eosinophil count (cells/ml)
median (range) 981 (508e15100) 710 (400e4851) 0.001c

IgE (kU/L),b normal: <100
median (range) 172 (4e5000) 152 (11e1870) 0.731c

Age (years)
median (range) 30 (13e74) 36 (5e77) 0.386c

Sex, n (%)
Male 41 (58%) 53 (64%) 0.438d

Female 30 (42%) 30 (36%)
Type of traveler
Returning traveler (non-VFR) 41 (58%) 69 (83%) <0.001d

Returning traveler (VFR) 6 (8%) 9 (11%)
Immigrant 18 (25%) 2 (2%)
Foreign visitor 3 (4%) 3 (4%)
Expatriate 3 (4%) 0 (0%)

Region of travel
Sub-Saharan Africa 41 (58%) 25 (30%) 0.021d

South and Southeast Asia 19 (27%) 28 (34%)
Central and South America 3 (4%) 9 (11%)
Europe 2 (3%) 9 (11%)
Middle East 4 (6%) 3 (4%)
Oceania 0 (0%) 2 (2%)
Northern Africa 0 (0%) 2 (2%)
Northern America 0 (0%) 1 (1%)
Multiple regions 2 (3%) 4 (5%)

Travel duration (months)e

median (range) 1 (0e23) 1 (0e24) 0.583c

Values represent median or no. (%).
VFR: visiting friends and relatives. n: Number. IgE: Immunoglobulin E.

a Included schistosomiasis, strongyloidiasis, ascariasis, ancylostomiasis, larva migrans cutanea, loiasis, echinococcosis, fasciola, dirofilariasis, dracunculus, enterobius,
filariasis, gnasthostomiasis, hymenolepsis, opistorchiasis.

b n ¼ 70 contributed total IgE values (39 with helminthic infections, 31 with other diagnoses).
c p-value obtained by Wilcoxon rank-sum test.
d p-value obtained by chi-square test.
e Foreign visitors and immigrants were dropped for this analysis; n ¼ 131.

Table 5
Multivariate analysis of the association between patient characteristics and diag-
nosis of a helminthic infection.

Variable Crude OR Adjusted ORa

Eosinophilia
500e1500/ml 1.00 1
>1500/ml 4.21 (1.74e10.21) 5.89 (2.12e16.41)

Travel type
Non-VFR returning traveler 1.00 1.00
VFR returning traveler 1.12 (0.37e3.38) 0.96 (0.27e3.40)
Immigrant 15.15 (3.34e68.64) 16.78 (3.32e84.85)
Other 3.37 (0.80e14.19) 3.64 (0.73e18.06)

Travel destination
Other 1.00 1.00
South and Southeast Asia 1.85 (0.75e4.57) 2.83 (0.96e8.30)
Sub-Saharan Africa 4.47 (1.91e10.48) 6.28 (2.25e17.52)

VFR: visiting friends and relatives. OD: Odds ratio.
a Adjusted for eosinophilia, travel type and travel destination.
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recommendation has not been systematically evaluated so far.
Patients with confirmed helminthic infection had higher

eosinophil counts than travelers with other diagnoses. It remains
unclear, if this might be due to a diagnostic bias, since a higher
eosinophil count may encourage physicians for a more aggressive
diagnostic approach. However, similar results concerning eosino-
philia and helminths were also shown by Schulte and colleagues
who reported highest eosinophil counts (mean, 1545 eosinophils/
mL) in patients with helminthic infections [9]. Whether the final
diagnosis of the patients in our study is at the same time the cause
of their eosinophilia cannot be determined with certainty in all
cases. The association of the final diagnosis and eosinophilia is
thought to be causal for patients diagnosed with a helminthic
infection, infections with Blastocystis hominis, Dientamoeba fragilis,
and Sarcocystis (in the case ofman being the dead-end host), as well
as systemic diseases (such as eosinophilic granulomatosis with
polyangiitis/EGPA). However, the real cause of eosinophilia may
have been missed in other patients (such as those with traveler's
diarrhea or those infected with Giardia lamblia.)

We could not find any association between IgE levels and a final
diagnosis of a helminthic infection. Furthermore, total IgE levels
and eosinophil count appear not to have any correlation. Several
studies have shown that in a more general population (including
patients with and without eosinophilia), eosinophilia and elevated
total IgE are associated with each other [34,35]. For example,
Belhassen-Garcia and colleagues reported a significant correlation
between eosinophilia and hyper-IgE in migrant children with hel-
minthic infections coming from Sub-Saharan Africa, Northern Af-
rica or Latin America, however, hyper-IgE prevalence (56.8%) was
twice the eosinophilia prevalence (22.9%), hence pointing to
interindividual differences in IgE and eosinophil levels. Interest-
ingly, the positive predictive value (PPV) for helminthic infection
was significantly higher for eosinophilia in this population ewhich
would be in line with our findings of a reduced diagnostic value of
total IgE in the work-up of helminthic infections [35].

We could show that in the work-up of returning travelers and
migrants with eosinophilia, IgE levels do not add a relevant diag-
nostic benefit to differentiate patients in whom helminths are ex-
pected. The main determinants of a final diagnosis of a helminthic
infection are the travel destination (especially Sub-Saharan Africa)
and the type of travel (especially migrants). Hence, in the absence
of appropriate guidelines for the diagnostic work-up of eosinophilia
in travelers andmigrants, proper history taking seems to havemore
benefit than additional laboratory parameters (such as total IgE) to
guide further diagnostic methods such as stool microscopy and
serological investigations.

Conflicts of interest

JPC currently holds a position as medical director at Takeda In-
ternational AG, Vaccine Business Unit, Zurich, Switzerland. All other
authors declare they have no conflict of interest.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.tmaid.2017.09.001.

References

[1] Rothenberg ME. Eosinophilia N Engl J Med 1998 May 28;338(22):1592e600.
PubMed PMID: 9603798.

[2] Fayer R, Esposito DH, Dubey JP. Human infections with Sarcocystis species.
Clin Microbiol Rev 2015 Apr;28(2):295e311. PubMed PMID: 25715644.
Pubmed Central PMCID: PMC4402950. Epub 2015/02/27. eng.

[3] Kovalszki A, Weller PF. Eosinophilia Prim Care 2016 Dec;43(4):607e17.

PubMed PMID: 27866580. Pubmed Central PMCID: PMC5293177. Epub 2016/
11/22. eng.

[4] Malo J, Luraschi-Monjagatta C, Wolk DM, Thompson R, Hage CA, Knox KS.
Update on the diagnosis of pulmonary coccidioidomycosis. Ann Am Thorac
Soc 2014 Feb;11(2):243e53. PubMed PMID: 24575994. Epub 2014/03/01. eng.

[5] Carranza-Rodriguez C, Pardo-Lledias J, Muro-Alvarez A, Perez-Arellano JL.
Cryptic parasite infection in recent West African immigrants with relative
eosinophilia. Clin Infect Dis 2008 Mar 15;46(6):e48e50. PubMed PMID:
18260784.

[6] Brigden M, Graydon C. Eosinophilia detected by automated blood cell
counting in ambulatory North American outpatients. Incidence and clinical
significance. Arch Pathol Lab Med 1997 Sep;121(9):963e7. PubMed PMID:
9302929.

[7] Sims H, Erber WN. Investigation of an incidental finding of eosinophilia. BMJ
2011;342. d2670. PubMed PMID: 21593088.

[8] Meltzer E, Percik R, Shatzkes J, Sidi Y, Schwartz E. Eosinophilia among
returning travelers: a practical approach. Am J Trop Med Hyg 2008 May;78(5):
702e9. PubMed PMID: 18458300.

[9] Schulte C, Krebs B, Jelinek T, Nothdurft HD, von Sonnenburg F, Loscher T.
Diagnostic significance of blood eosinophilia in returning travelers. Clin Infect
Dis 2002 Feb 1;34(3):407e11. PubMed PMID: 11753824.

[10] Pardo J, Carranza C, Muro A, Angel-Moreno A, Martin AM, Martin T, et al.
Helminth-related eosinophilia in African immigrants, gran canaria. Emerg
Infect Dis 2006 Oct;12(10):1587e9. PubMed PMID: 17176579. Pubmed Cen-
tral PMCID: 3290940.

[11] Seybolt LM, Christiansen D, Barnett ED. Diagnostic evaluation of newly arrived
asymptomatic refugees with eosinophilia. Clin Infect Dis 2006 Feb 1;42(3):
363e7. PubMed PMID: 16392081.

[12] Lopez-Velez R, Huerga H, Turrientes MC. Infectious diseases in immigrants
from the perspective of a tropical medicine referral unit. Am J Trop Med Hyg
2003 Jul;69(1):115e21. PubMed PMID: 12932108.

[13] Paxton GA, Sangster KJ, Maxwell EL, McBride CR, Drewe RH. Post-arrival
health screening in Karen refugees in Australia. PLoS One 2012;7(5):e38194.
PubMed PMID: 22693599. Pubmed Central PMCID: 3364970.

[14] Whitty CJ, Carroll B, Armstrong M, Dow C, Snashall D, Marshall T, et al. Utility
of history, examination and laboratory tests in screening those returning to
Europe from the tropics for parasitic infection. Trop Med Int Health 2000
Nov;5(11):818e23. PubMed PMID: 11123831.

[15] Serre-Delcor N, Trevino B, Monge B, Salvador F, Torrus D, Gutierrez-
Gutierrez B, et al. Eosinophilia prevalence and related factors in travel and
immigrants of the network þREDIVI. Enferm Infecc Microbiol Clin. 2016 Mar
28. http://dx.doi.org/10.1016/j.eimc.2016.02.024. pii: S0213-005X(16)30009-
X. PubMed PMID: 27032297. Prevalencia de la eosinofilia y factores relacio-
nados en los viajeros e inmigrantes de la red þREDIVI.

[16] Boggild AK, Yohanna S, Keystone JS, Kain KC. Prospective analysis of parasitic
infections in Canadian travelers and immigrants. J Travel Med 2006 May-
Jun;13(3):138e44. PubMed PMID: 16706944.

[17] Libman MD, MacLean JD, Gyorkos TW. Screening for schistosomiasis, filariasis,
and strongyloidiasis among expatriates returning from the tropics. Clin Infect
Dis 1993 Sep;17(3):353e9. PubMed PMID: 8218675.

[18] Whetham J, Day JN, Armstrong M, Chiodini PL, Whitty CJ. Investigation of
tropical eosinophilia; assessing a strategy based on geographical area. J Infect
2003 Apr;46(3):180e5. PubMed PMID: 12643868.

[19] Salas-Coronas J, Cabezas-Fernandez MT, Vazquez-Villegas J, Soriano-Perez MJ,
Lozano-Serrano AB, Perez-Camacho I, et al. Evaluation of eosinophilia in im-
migrants in Southern Spain using tailored screening and treatment protocols:
a prospective study. Travel Med Infect Dis 2015 Jul-Aug;13(4):315e21.
PubMed PMID: 26001914.

[20] Caruana SR, Kelly HA, Ngeow JY, Ryan NJ, Bennett CM, Chea L, et al. Undiag-
nosed and potentially lethal parasite infections among immigrants and ref-
ugees in Australia. J Travel Med 2006 Jul-Aug;13(4):233e9. PubMed PMID:
16884406.

[21] Vieira Silva CC, Ferraz RR, Fornari JV, Barnabe AS. Epidemiological analysis of
eosinophilia and elevation of immunoglobulin E as a predictable and relative
risk of enteroparasitosis. Rev Cuba Med Trop 2012 Jan-Apr;64(1):22e6.
PubMed PMID: 23444622.

[22] Ehrhardt S, Burchard GD. Eosinophilia in returning travelers and migrants.
Dtsch Arztebl Int 2008 Nov;105(46):801e7. PubMed PMID: 19578443.
Pubmed Central PMCID: 2699886.

[23] Loscher T. Progress in immunodiagnosis and chemotherapy of helminthiases.
Internist (Berl) 1983 Nov;24(11):610e8. PubMed PMID: 6360943. Fortschritte
in der Immundiagnostik und Chemotherapie der Wurminfektionen.

[24] He JS, Narayanan S, Subramaniam S, Ho WQ, Lafaille JJ, Curotto de Lafaille MA.
Biology of IgE production: IgE cell differentiation and the memory of IgE re-
sponses. Curr Top Microbiol Immunol 2015;388:1e19. PubMed PMID:
25553792.

[25] Arinola GO, Morenikeji OA, Akinwande KS, Alade AO, Olateru-Olagbegi O,
Alabi PE, et al. Serum levels of cytokines and IgE in helminth-infected nigerian
pregnant women and children. Ann Glob Health 2015 Sep-Oct;81(5):689e93.
PubMed PMID: 27036727.

[26] Loukas A, Prociv P. Immune responses in hookworm infections. Clin Microbiol
Rev 2001 Oct;14(4):689e703. table of contents. PubMed PMID: 11585781.
Pubmed Central PMCID: 89000.

[27] Guo AY, Lin XM, Zhang YQ, Wu H. The levels of IL-4, IL-9, and IgE in patients
infected with intestinal helminths and their clinical values. Zhongguo Ji Sheng

H.J.F. Salzer et al. / Travel Medicine and Infectious Disease xxx (2017) 1e76

Please cite this article in press as: Salzer HJF, et al., Helminthic infections in returning travelers andmigrants with eosinophilia: Diagnostic value
of medical history, eosinophil count and IgE, Travel Medicine and Infectious Disease (2017), http://dx.doi.org/10.1016/j.tmaid.2017.09.001

http://dx.doi.org/10.1016/j.tmaid.2017.09.001
http://dx.doi.org/10.1016/j.tmaid.2017.09.001
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref1
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref1
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref1
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref2
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref2
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref2
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref2
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref3
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref3
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref3
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref3
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref4
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref4
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref4
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref4
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref5
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref5
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref5
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref5
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref5
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref6
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref6
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref6
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref6
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref6
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref7
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref7
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref8
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref8
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref8
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref8
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref9
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref9
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref9
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref9
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref10
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref10
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref10
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref10
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref10
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref11
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref11
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref11
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref11
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref12
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref12
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref12
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref12
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref13
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref13
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref13
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref14
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref14
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref14
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref14
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref14
http://dx.doi.org/10.1016/j.eimc.2016.02.024
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref16
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref16
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref16
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref16
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref17
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref17
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref17
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref17
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref18
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref18
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref18
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref18
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref19
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref19
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref19
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref19
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref19
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref19
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref20
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref20
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref20
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref20
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref20
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref21
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref21
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref21
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref21
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref21
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref22
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref22
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref22
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref22
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref23
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref23
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref23
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref23
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref24
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref24
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref24
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref24
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref24
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref25
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref25
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref25
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref25
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref25
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref26
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref26
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref26
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref26
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref27
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref27


Chong Xue Yu Ji Sheng Chong Bing Za Zhi 2015 Apr;33(2):110e3. PubMed
PMID: 26245120.

[28] Pritchard DI, Quinnell RJ, Walsh EA. Immunity in humans to Necator ameri-
canus: IgE, parasite weight and fecundity. Parasite Immunol 1995 Feb;17(2):
71e5. PubMed PMID: 7761110.

[29] Mulu A, Kassu A, Legesse M, Erko B, Nigussie D, Shimelis T, et al. Helminths
and malaria co-infections are associated with elevated serum IgE. Parasit
Vectors 2014;7:240. PubMed PMID: 24886689. Pubmed Central PMCID:
4063426.

[30] Stevens WJ, Feldmeir H, Bridts CH, Daffalla AA. IgG and IgE circulating im-
mune complexes, total serum IgE and parasite related IgE in patients with
mono- or mixed infection with Schistosoma mansoni and/or S. haematobium.
Influence of therapy. Clin Exp Immunol 1983 Apr;52(1):144e52. PubMed
PMID: 6861371. Pubmed Central PMCID: 1535576.

[31] Cooper PJ, Alexander N, Moncayo AL, Benitez SM, Chico ME, Vaca MG, et al.
Environmental determinants of total IgE among school children living in the
rural Tropics: importance of geohelminth infections and effect of anthelmintic
treatment. BMC Immunol 2008;9:33. PubMed PMID: 18588694. Pubmed
Central PMCID: 2459155.

[32] Vereecken K, Kanobana K, Wordemann M, Junco Diaz R, Menocal Heredia L,
Ruiz Espinosa A, et al. Associations between atopic markers in asthma and
intestinal helminth infections in Cuban schoolchildren. Pediatr Allergy
Immunol 2012 Jun;23(4):332e8. PubMed PMID: 22369465.

[33] Levin ME, Le Souef PN, Motala C. Total IgE in urban Black South African

teenagers: the influence of atopy and helminth infection. Pediatr Allergy
Immunol 2008 Aug;19(5):449e54. PubMed PMID: 18221478.

[34] Serre Delcor N, Maruri BT, Arandes AS, Guiu IC, Essadik HO, Soley ME, et al.
Infectious diseases in sub-saharan immigrants to Spain. Am J Trop Med Hyg
2016 Apr 6;94(4):750e6. PubMed PMID: 26880782. Pubmed Central PMCID:
4824214.

[35] Belhassen-Garcia M, Pardo-Lledias J, Perez del Villar L, Muro A, Velasco-
Tirado V, Blazquez de Castro A, et al. Relevance of eosinophilia and hyper-IgE
in immigrant children. Med Baltim 2014 Jul;93(6):e43. PubMed PMID:
25058145. Pubmed Central PMCID: 4602429.

[36] Tefferi A. Blood eosinophilia: a new paradigm in disease classification, diag-
nosis, and treatment. Mayo Clin Proc 2005 Jan;80(1):75e83. PubMed PMID:
15667033. Epub 2005/01/26. eng.

[37] Roufosse F, Weller PF. Practical approach to the patient with hyper-
eosinophilia. J Allergy Clin Immunol 2010 Jul;126(1):39e44. PubMed PMID:
20538328. Pubmed Central PMCID: PMC2902584. Epub 2010/06/12. eng.

[38] Harries AD, Myers B, Bhattacharrya D. Eosinophilia in Caucasians returning
from the tropics. Trans R Soc Trop Med Hyg 1986;80(2):327e8. PubMed
PMID: 3787694.

[39] Checkley AM, Chiodini PL, Dockrell DH, Bates I, Thwaites GE, Booth HL, et al.
Eosinophilia in returning travellers and migrants from the tropics: UK rec-
ommendations for investigation and initial management. J Infect 2010
Jan;60(1):1e20. PubMed PMID: 19931558.

H.J.F. Salzer et al. / Travel Medicine and Infectious Disease xxx (2017) 1e7 7

Please cite this article in press as: Salzer HJF, et al., Helminthic infections in returning travelers andmigrants with eosinophilia: Diagnostic value
of medical history, eosinophil count and IgE, Travel Medicine and Infectious Disease (2017), http://dx.doi.org/10.1016/j.tmaid.2017.09.001

http://refhub.elsevier.com/S1477-8939(17)30133-3/sref27
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref27
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref27
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref28
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref28
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref28
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref28
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref29
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref29
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref29
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref29
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref30
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref30
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref30
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref30
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref30
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref30
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref31
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref31
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref31
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref31
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref31
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref32
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref32
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref32
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref32
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref32
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref33
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref33
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref33
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref33
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref34
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref34
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref34
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref34
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref34
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref35
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref35
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref35
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref35
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref36
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref36
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref36
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref36
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref37
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref37
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref37
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref37
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref38
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref38
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref38
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref38
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref39
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref39
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref39
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref39
http://refhub.elsevier.com/S1477-8939(17)30133-3/sref39


Table S1

Association of patient characteristics and determination of IgE

IgE tested IgE not tested p value

n 70 84 -

Eosinophil count (cells/µl)

- median (range) 817 (509-15100) 730 (500-4851)

0.272

Age (years)

- median (range) 31 (11-74) 35 (5-77)

0.485

Sex, n (%)

- Male

- Female

41 (59%)

29 (41%)

53 (63%)

31 (37%)

0.567

Type of traveler

- Returning traveler (non-VFR)

- Returning traveler (VFR)

- Immigrant

- Foreign visitor

- Expatriate

50 (71%)

5 (7%)

11 (16%)

2 (3%)

2 (3%)

60 (71%)

10 (12%)

9 (11%)

4 (5%)

1 (1%)

0.640

Region of travel

- Sub-Saharan Africa

- South and Southeast Asia

- Central and South America

- Europe

- Middle East

- Oceania

- Northern Africa

- Northern America

- Multiple regions

30 (43%)

19 (27%)

5 (7%)

4 (6%)

3 (4%)

2 (3%)

2 (3%)

1 (1%)

4 (6%)

36 (43%)

28 (33%)

7 (8%)

7 (8%)

4 (5%)

0 (0%)

0 (0%)

0 (0%)

2 (2%)

0.431

Travel duration (months) §

-median (range) 1 (0-23) 1 (0-24)

0.932
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