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Eosinophil-Associated Processes Underlie
Differences in Clinical Presentation of Loiasis
Between Temporary Residents and Those
Indigenous to Loa-Endemic Areas
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Background. Loa loa has emerged as an important public health problem due to the occurrence of immune-
mediated severe posttreatment reactions following ivermectin distribution. Also thought to be immune-mediated are
the dramatic differences seen in clinical presentation between infected temporary residents (TR) and individuals
native to endemic regions (END).

Methods. All patients diagnosed with loiasis at the National Institutes of Health between 1976 and 2012 were
included. Patients enrolled in the study underwent a baseline clinical and laboratory evaluation and had serum col-
lected and stored. Stored pretreatment serum was used to measure filaria-specific antibody responses, eosinophil-
related cytokines, and eosinophil granule proteins.

Results. Loa loa infection in TRwas characterized by the presence of Calabar swelling (in 82% of subjects), markedly
elevated eosinophil counts, and increased filaria-specific immunoglobulin G (IgG) levels; these findings were thought to
reflect an unmodulated immune response. In contrast, END showed strong evidence for immune tolerance to the par-
asite, with high levels of circulating microfilariae, few clinical symptoms, and diminished filaria-specific IgG. The striking
elevation in eosinophil counts among the TR group was accompanied by increased eosinophil granule protein levels
(associated with eosinophil activation and degranulation) as well as elevated levels of eosinophil-associated cytokines.

Conclusions. These data support the hypothesis that differing eosinophil-associated responses to the parasite may
be responsible for the marked differences in clinical presentations between TR and END populations with loiasis.
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Loa loa is a filarial parasite that infects approximately 13
million individuals in Central and West Africa [1, 2].
Chronic infection with L. loa can lead to nephropathy

[3], cardiomyopathy [4], retinopathy [5], neuropsychiat-
ric complications [6], lymphedema [7], and encepha-
lopathy [8]. Loiasis is an important public health
problem due to the occurrence of immune-mediated
serious adverse events in some individuals with high
circulating levels of L. loa microfilariae following expo-
sure to the antiparasitic drugs diethylcarbamazine
(DEC) and ivermectin [9, 10]. As ivermectin is used in
mass drug administration programs for onchocerciasis
and (in combination with either DEC or albendazole)
for lymphatic filariasis control, these Loa-associated
posttreatment reactions have halted or impeded mass
drug administration programs [11].

Prior studies have found marked differences in the
clinical presentation of loiasis between those who ac-
quire the infection as temporary residents (TR) and
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individuals native to endemic regions (END). Similar to the se-
rious adverse events following exposure to antiparasitic drugs,
the differences in clinical presentation between these 2 groups
are thought to be immune-mediated [12–14]. TR experience
greater “allergic” symptoms, are more often amicrofilaremic,
and have markedly increased eosinophil counts compared
with END [12–14].The exact immunologic mechanisms under-
lying these clinical syndromes are unknown. Additionally,
whether the quantitative differences in eosinophil counts be-
tween the 2 groups are accompanied by further differences in
eosinophil regulation, function, or activation and whether addi-
tional immune pathways are altered between these groups has
not been well studied heretofore. Because both posttreatment
reactions as well as the differing clinical presentations between
the 2 groups are likely related to immunologic responses to par-
asite antigens, an improved understanding of the immunology
of loiasis could provide new strategies to ameliorate symptoms
and prevent posttreatment reactions in patients with L. loa
infection.

In the present study, we aimed to explore the varied clinical
presentations of loiasis and to evaluate the impact of alterations
in immune function on these differing presentations. As such,
we explored the basis for the differences between the TR and
END populations infected with L. loa by assessing the clinical
presentation, filaria-specific antibody responses, and eosino-
phil-related activation markers and cytokines in 186 patients
with loiasis.

MATERIALS AND METHODS

Study Population
All patients seen by the Clinical Parasitology Section of the Lab-
oratory of Parasitic Diseases, National Institute of Allergy and
Infectious Diseases (NIAID) between 1976 and 2012 with loia-
sis were included in this study. Loiasis was defined by the pres-
ence of blood microfilariae, microfilarial DNA by polymerase
chain reaction (PCR) testing, an adult worm on biopsy, or the
presence of either an eyeworm or Calabar swelling in individu-
als with a relevant exposure history and the presence of antifi-
larial antibodies [15].

Informed consent was obtained from all patients, and all stud-
ies were performed under protocols approved by the Institutional
Review Board of the NIAID. Between 1988 and 2012, the study
was conducted under the registered protocol NCT00001230.
A subset of patients (n = 42) included in this study has been
described previously [12–14].

Clinical Evaluation
All patients underwent a baseline evaluation that consisted of
a history and physical examination; complete blood count; uri-
nalysis; stool exams for parasite ova and larvae; blood filtration

for microfilaremia (between 10 AM and 2 PM); quantification of
immunoglobulin G (IgG; normal range, 700–1500 mg/dL),
immunoglobulin M (IgM; 60–300 mg/dL), immunoglobulin
A (IgA; 60–400 mg/dL), and immunoglobulin E (IgE; 3–423
IU/mL); and filaria-specific IgG, IgG4, and IgE. Blood filtra-
tions were performed using Nuclepore filtration (Pleasanton,
California) [16] of 1 mL of whole blood. Patients with a history
of residence/exposure in onchocerciasis-endemic areas under-
went skin snips using a corneoscleral punch (Storz, St Louis,
Missouri) and microscopic and/or PCR testing for Onchocerca
volvulus [17]. Those with potential exposure to Wuchereria
bancrofti had Nuclepore filtration performed on blood collect-
ed between 10 PM and 12 AM and/or circulating antigen testing
using the TropBio enzyme-linked immunosorbent assay
(ELISA; JCU Tropical Biotechnology Private Limited, Queens-
land, Australia) [18, 19]. Additional testing was performed as
clinically indicated.

Immunoassays for Parasite-Specific IgG and IgG4
IgG and IgG4 antibody response to crude protein extracts of
Brugia malayi adult antigen (BMA) is cross-reactive in serum
samples of patients with all of the filarial pathogens as well as
with some intestinal helminths [20]. Filaria-specific IgG
(BMA-IgG) and IgG4 (BMA-IgG4) were measured by ELISA
as described previously [15, 21]. Normal cutoffs for both assays
were defined on the basis of a reference serum above the 99%
confidence interval for antibody concentrations from 62 healthy
North Americans. Serum levels of BMA-IgG >14 µg/mL and
BMA-IgG4 >0 ng/mL are considered above the normal range.

Eosinophil Granule Proteins
Granule protein levels including eosinophil cationic protein
(ECP), eosinophil-derived neurotoxin, and eosinophil peroxi-
dase (EPO) were measured with a multiplexed immunoassay
using Luminex xMAP technology (Luminex Corporation, Aus-
tin, Texas) performed exactly as described previously [22]. The
limits of the assays were 1 µg/mL for ECP, 0.24 µg/mL for
eosinophil-derived neurotoxin, and 0.43 µg/mL for EPO.

Cytokine Measurement
Serum cytokine levels were measured using a custom-made
xMAP human cytokine magnetic bead kit (Luminex Corpora-
tion, Austin, Texas). This kit measured interleukin (IL) 3, eotax-
in, IL-2, IL-4, IL-5, interferon gamma (IFN-γ), tumor necrosis
factor alpha (TNF-α), IL-17, granulocyte macrophage colony-
stimulating factor (GM-CSF), and IL-6.

Statistical Analysis
Unless stated otherwise, geometric means were used as mea-
sures of central tendency, Fisher exact test was used to compare
categorical variables, and the Mann–Whitney U test was used
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for continuous variables. All statistics were performed in Prism
version 6 (GraphPad, San Diego, California). P values <.05 were
considered statistically significant.

RESULTS

Demographic Information
Patient demographics are summarized in Table 1. All patients
had been residents in areas of Africa endemic for L. loa. All but
9 of the 144 TR had an exposure time of >6 months in a Loa-
endemic area. There were no significant differences between the
groups in the proportion of individuals coinfected with intesti-
nal helminths or with other filarial parasites (Table 1).

Clinical Presentation
The initial presentation of L. loa infection differed dramatically
between the 2 groups (Table 2). The characteristic clinical finding
of loiasis, Calabar swellings (transient localized angioedema), was
much more common in the TR group (118/144 [82%]) com-
pared with the END group (21/42 [50%], P < .0001). Other
symptoms, such as urticaria, were also more prominent among
TR (38/144 [26%]) than END (2/42 [4.8%], P = .002; Table 2).

In contrast, the presence of eyeworm was significantly more
frequent in the END group than in the TR group (30/42 [71%]
vs 22/144 [15%], respectively, P < .0001), as was microfilaremia
(31/42 [74%] vs 31/144 [22%], respectively, P < .0001). Further-
more, among those with microfilariae, microfilarial counts
were also higher in the END group (geometric mean, 942.4
microfilariae/mL [95% confidence interval {CI}, 390–2280])
than in the TR group (geometric mean, 72.8 microfilariae/mL
[95% CI, 22–240], P = .003; Table 2).

Table 2. Presentation, Clinical Symptoms, and Complications of Loiasis at Presentation

Symptom
Endemic Individuals, No. (%)

(n = 42)
Temporary Resident, No. (%)

(n = 144)
Total No. (%)
(N = 186) P Value

Calabar swelling 21 (50) 118 (81.9) 139 (74.7) <.0001a

Eyeworm 30 (71.4) 22 (15.3) 52 (28) <.0001a

Microfilariae positive 31 (73.8) 31 (21.5) 62 (33.3) <.0001a

Microfilarial count (in microfilaria-positive
patients), geometric mean (95% CI)

942.4 (390–2280) 72.8 (22–240) 275.7 (124–612) .003b

Murmur 6 (14.3) 28 (19.4) 34 (18.3) .51a

Hematuriac 7 (16.7) 19 (13.2) 26 (14) .6a

Proteinuriad 7 (16.7) 8 (5.6) 15 (8.1) .046a

Limb swelling 2 (4.8) 13 (9.0) 15 (8.1) .53a

Pleural effusion 1 (2.4) 2 (1.4) 3 (1.6) .5a

Urticaria 2 (4.8) 38 (26.4) 40 (21.5) .002a

Cardiac symptomse 10 (23.8) 13 (9.0) 23 (12.4) .02a

EKG abnormalitiesf 10/20 (50) 15/69 (22) 25/89 (28) .02a

Abbreviations: CI, confidence interval; EKG, electrocardiographic.
a Fisher exact test examining differences between individuals native to endemic regions (END) and temporary residents (TR).
b Mann–Whitney U examining differences between END and TR.
c Three patients with urinary tract infection (UTI) excluded from analysis; 1 female patient excluded from analysis as was menstruating at time of exam.
d Two patients with UTI excluded from analysis.
e Cardiac symptoms included palpitations, chest pain, congestive heart failure symptoms (eg, orthopnea, leg edema), dyspnea on exertion, shortness of breath, and
decreased exercise tolerance.
f Of patients who had EKG evaluation. EKG abnormalities included nonspecific T-wave abnormalities, sinus bradycardia or sinus tachycardia, left ventricular
hypertrophy, and right axis deviations.

Table 1. Demographic and Parasitological Characteristics of
Endemic Individuals and Temporary Residents With Loiasis

Characteristic
Endemic
Individuals

Temporary
Residents Total

No. of patients 42 144 186
Age, y, median (IQR) 35 (29–41) 27 (25–30) 27 (25–34)

Sex, male/female, No. 23/19 83/61 106/80

Length of exposure to
endemic area, wk,
median (IQR)

NA 108 (104–144) NA

Patients infected with
pathogenic intestinal
helminthsa, No. (%)

7/37 (18.9) 26/133 (19.5) 33/170 (19.4)

Patients infected with
other filarial
parasitesb, No. (%)

7/42 (16.7) 11/144 (7.6) 18/186 (9.7)

Abbreviations: IQR, interquartile range; NA, not applicable.
a Of patients who had stool ova and parasites evaluated. The most common
intestinal helminths among those with positive stool exams in both groups
were Trichuris trichiura (20/33 [61%]) and Ascaris lumbricoides (10/33 [30%]).
b Of the 18 individuals coinfected with another filarial parasite, 12 were infected
with Onchocerca volvulus, 5 were infected with Mansonella perstans, and 1
patient was infected with both M. perstans and O. volvulus in addition to
Loa loa.
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Complications associated with L. loa infection were infre-
quent in both groups (Table 2). Complications associated
with chronic infection were significantly more frequent in the
END group compared with the TR group, such as proteinuria
(7/42 [17%] vs 8/144 [6%], respectively, P < .05) and cardiac
symptoms (10/42 [24%] vs 13/144 [9%], respectively, P = .02).
The increase in cardiac symptoms among END was also accom-
panied by an increased rate of minor electrocardiographic
(EKG) abnormalities in this group (10/20 [50%] vs 15/69
[22%] in TR, P = .02), which consisted predominately of non-
specific T-wave abnormalities, left ventricular hypertrophy,
sinus bradycardia, sinus tachycardia, and right axis deviations.

Hematologic Evaluation
Baseline laboratory evaluations are shown in Table 3. In the
TR group, geometric mean white blood cell (WBC) counts
(9.0 × 103 cells/µL) as well as the proportion of individuals
with an elevated WBC count (54/144 [38%]) were both
increased compared with END (geometric mean WBC,
6.4 × 103 cells/µL, P < .0001; 5/42 [12%] END had elevated
WBC count, P = .002). Absolute eosinophil count (AEC) also
differed dramatically between the groups. Almost all TR (120/
143 [84%]) had a peripheral blood eosinophilia (defined as
AEC ≥500), with a geometric mean of 1532 cells/mL
(95% CI, 1252–1875). In contrast, only 64% of END (27/42,
P < .01) had elevated AEC, and the geometric mean AEC
among END (670 cells/mL [95% CI, 423–1061]) was 2-fold
lower than in the TR group (1532 cells/mL, P < .0001). Howev-
er, when individuals with elevated AEC (≥500 cells/mL) were
excluded from the analysis, no difference in mean WBC counts
(5.7 × 103 cells/µL [SD, 3.5] in END vs 6.3 × 103 cells/µL [SD,
1.7] in TR, P = .08) or the proportion of individuals with an el-
evated WBC count (0/23 in TR and 1/15 in END, P = .4) was
seen between the groups.

Polyclonal and Antigen-Specific IgG and Polyclonal IgE Levels
END patients had an increase in polyclonal IgG (geometric
mean, 1881 mg/dL [95% CI, 1715–2063] vs 1168 mg/dL [95%
CI, 1085–1258] in TR, P < .0001) and IgE (geometric mean,
684.7 ng/mL [95% CI, 439–1068] vs 271.9 [95% CI, 197–376]
in TR, P = .003; Table 3). Baseline polyclonal IgE levels were sig-
nificantly correlated to AEC for both the TR (P = .01, r = 0.2)
and END (P < .01, r = 0.4) groups.

Filaria-specific BMA IgG levels were significantly higher in TR
(1013 µg/mL [95%CI, 678–1512]) compared to END (121 µg/mL
[95% CI, 69–212], P < .0001). TR also had a significantly greater
IgG-specific percentage (BMA-IgG/total IgG) compared with
END (7.2% vs 0.6%, respectively, P < .0001). Mean BMA-specific
IgG levels in both groups, as well as in the total population, were
unrelated to the presence or absence of Calabar swelling (P > .05
for all groups). BMA-specific IgG levels were largely unrelated to
the presence of circulating microfilariae, although for the TR
group, filaria-specific IgG levels were higher in the microfilaria
(MF)-negative group (1258 µg/mL [95% CI, 778–2035]) than in
the MF-positive group (585 µg/mL [95% CI, 283–1212], P = .04).

Eosinophil Granule Proteins
The geometric mean levels of 3 eosinophil granule proteins at
the time of presentation (Figure 1 and Table 3) were higher (al-
though not statistically significantly) in the TR group than in
the END group. Eosinophil-derived neurotoxin in the TR group
and in the total patient group (but not in END) was significantly
correlated with AEC at the time of presentation (TR: r = .4,
P = .02; total patient group: r = 0.34, P < .01; Figure 1). Neither
EPO nor ECP was significantly correlated with AEC.

Cytokine Levels
For each cytokine in the panel measured, geometric mean levels
were higher in TR than in END (Figure 2). Pretreatment GM-CSF

Table 3. Baseline Laboratory Values

Laboratory Test
Endemic Individuals, GM

(95% CI)
Temporary Residents, GM

(95% CI)
Total GM
(95% CI) P Valuea

AEC, cells/mL 669.9 (423–1061) 1532 (1252–1875) 1270 (1048–1539) <.0001
WBC, ×103/mL 6.4 (5.7–7.2) 9.0 (8.5–9.5) 8.3 (7.9–8.8) <.0001

Polyclonal IgE, IU/mL 684.7 (439–1068) 271.9 (197–376) 342.5 (261–449) .003

Polyclonal IgG, mg/dL 1881 (1715–2063) 1168 (1085–1258) 1305 (1220–1396) <.0001
BMA-specific IgG, µg/mL 120.5 (69–212) 1013 (678–1512) 592 (406–862) <.0001

BMA-specific IgG4, ng/mL 2526 (1547–4124) 2366 (1464–3825) 2413 (1683–3459) .6

Eosinophil cationic protein, ng/mL 72 388 (32 206–162 705) 130 138 (78 384–216 065) 111 295 (72 912–169 884) .15
Eosinophil-derived neurotoxin, ng/mL 738 (423–1287) 909.6 (556–1487) 861.1 (586.9–1263) .16

Eosinophil peroxidase, ng/mL 1.9 (.3–12.1) 4.9 (1.8–13.2) 3.8 (1.6–9.0) .5

Abbreviations: AEC, absolute eosinophil count; BMA, Brugia malayi adult antigen; CI, confidence interval; GM, geometric mean; IgE, immunoglobulin E; IgG,
immunoglobulin G; WBC, white blood cell.
a Mann–Whitney U test examining differences between individuals native to endemic regions and temporary residents.
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and IL-5 levels were 5- to 10-fold higher in the TR group com-
pared with END (geometric mean GM-CSF levels, 2.9 pg/mL
[95% CI, 1.6–5.1] vs 0.3 pg/mL [95% CI, .1–.7], respectively,
P < .001; geometric mean IL-5, 2.0 pg/mL [95% CI, 1.3–2.9]
vs 0.5 pg/mL [95% CI, .2–1.2], respectively, P < .01). Eotaxin
levels also differed significantly between groups (63 pg/mL
[95% CI, 52–76] in TR vs 37.5 pg/mL [95% CI, 18.7–75.2] in
END, P = .05). Cytokines related to Th2 (IL-4) and Th1 (IL-2
and IFN-γ) T-cell subset development were all significantly el-
evated in the TR group compared with END (geometric mean
IL-4 level, 2 pg/mL [95% CI, 1.1–3.5] vs 0.3 pg/mL [95% CI,
.1–.8], respectively, P = .004; geometric mean IFN-γ level, 3.3
pg/mL [95% CI, 1.5–7.3] vs 0.7 pg/mL [95% CI, .1–3.9], respec-
tively, P = .08; geometric mean IL-2 level, 1.1 pg/mL [95% CI,
.5–2.7] vs 0.1 pg/mL [95% CI, .07–.2], respectively, P = .03).

Only the levels of IL-5 were significantly correlated with the
AEC in the TR group (r = 0.3, P = .01), the END group (r = 0.7;
P < .001), and as a whole (r = 0.4, P < .0001). Cytokine levels did
not correlate significantly with baseline IgE levels.

Cytokine levels did not differ significantly between those with
and without Calabar swelling in the TR, END, or the entire

group for any of the assayed cytokines (all P > .05, data not
shown). The impact of microfilaremia on cytokine levels was
also examined (Figure 3). Amicrofilaremic patients demonstrat-
ed an increase in Th2-associated cytokine levels compared with
microfilaremic patients (geometric mean IL-5, 2.2 pg/mL [95%
CI, 1.4–3.4] vs 0.7 pg/mL [95% CI, .4–1.4], respectively,
P = .008; geometric mean IL-4, 2.5 pg/mL [95% CI, 1.4–4.5]
vs 0.5 pg/mL [95% CI, .2–1.1], respectively, P = .001). These
amicrofilaremic patients also had an elevation in GM-CSF com-
pared to those with microfilaremia (geometric mean, 3.1 pg/mL
[95% CI, 1.6–5.8] vs 0.7 pg/mL [95% CI, .3–1.6], respectively,
P = .01). However, Th1-associated cytokines (IL-2 and IFN-γ)
and eotaxin did not differ significantly between those with
and without microfilaremia.

DISCUSSION

A renewed interest has been seen in L. loa infection because of the
serious adverse events in L. loa–infected patients following iver-
mectin administration. These serious adverse events are thought
to be immune-mediated. Immune-mediated differences are also

Figure 1. A–C, Pretreatment serum levels of eosinophil granule proteins. Each symbol represents an individual patient at presentation. The horizontal
lines are the geometric mean. The dashed horizontal lines represent the limits of detection of the assay; values below these lines were calculated based on
the standard curves. D, Correlation of serum eosinophil-derived neurotoxin (EDN) levels with absolute eosinophil count in the total patient group. Each dot
represents an individual patient. Abbreviations: END, individuals native to endemic regions; TR, temporary residents.
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believed to underlie the dramatically different syndromes of
loiasis experienced by TR compared to END [2, 12, 14, 23].
This study underscores the presence of a “hyperresponsive”
syndrome among TR, a group previously shown to have had a
higher prevalence of Loa-specific and “allergic” symptoms com-
pared to the endemic study populations [12, 14, 24, 25]. END
had a dampened clinical response and (although not demon-
strated formally in the present study) immune-mediated toler-
ance to filarial antigens [12]. The differing rates of eyeworm
between groups was not seen in earlier studies [12], and may
be due to the END group presenting at a later stage of infection
than TR or to increased adult worm burden in the END group.

Interestingly, minor cardiac abnormalities appeared to be
prominent in loiasis, with a large proportion of patients positive
for cardiac symptoms by history and/or the presence of a heart
murmur or arrhythmia. Overall, cardiac symptoms and EKG

abnormalities both appeared to be most prevalent in the END
group. Cardiac findings in loiasis have been attributed to endo-
myocardial fibrosis related to inflammation from eosinophil in-
filtration and degranulation. The true nature of this association
is unknown, as only a single TR patient in the study had an en-
domyocardial biopsy [12, 14, 24–26]. It is notable that cardiac
symptoms were more prevalent among the END group, which
had lower average AEC. However, END likely had a greater du-
ration of infection than TR, and therefore it is possible that the
chronicity of eosinophilia rather than the degree of eosinophilia
is the main risk factor for cardiomyopathy among loiasis
patients. Additionally, the presence of common risk factors of
cardiac disease was not assessed systematically.

With the finding of elevated eosinophil granule proteins in
the TR group as well as the marked differences in eosinophil-
related cytokines between the groups, it seems clear that

Figure 2. Serum cytokine levels in individuals native to endemic regions and temporary residents with loiasis. Each symbol represents an individual
patient. Horizontal bars represent the geometric mean in each group. Abbreviations: END, individuals native to endemic regions; GM-CSF, granulocyte
macrophage colony-stimulating factor; IL-4, interleukin 4; IL-5, interleukin 5; TR, temporary residents.
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eosinophil regulation, activation, and recruitment differ dramat-
ically between the 2 groups. The degree towhich these differences
contribute to the different clinical syndromes experienced by
END and TR is unknown and merits further study.

The impact of microfilariae on immune response to infec-
tion has been well studied. Peripheral blood mononuclear cells
from microfilaremic human donors have been found to have a
dampened response to filarial antigen compared to those from
amicrofilaremic individuals [27]. Additionally, studies in exper-
imentally infected monkeys have shown that infected monkeys
who become microfilaremic demonstrate declining cellular re-
sponsiveness, decreased cell proliferation, and diminished con-
centrations of IFN-γ, IL-2, IL-4, and IL-5 when microfilariae
appear [28, 29]. The underlying mechanisms responsible for
this downregulation of immune response is not clear, but may

be related to alterations in CD8+ cells [30], clonal deletion or
clonal anergy of parasite-specific precursor T cells [31], or
other factors.

Given the markedly increased rate of microfilaremia in the
END group, these same decreases in cytokine responsiveness
would be expected in this group. This was the case in the present
study, but our results demonstrate additional immune alter-
ations between groups that cannot be explained solely by differ-
ing rates of microfilaremia. As predicted, individuals in the
END group were found to have significantly lower levels of
both Th1 (IFN-γ and IL-2) and Th2 (IL-4 and IL-5) cytokines
as well as lower levels of stimulators of eosinophil development
(GM-CSF and IL-5) and recruitment (eotaxin). However, only
the Th2-associated cytokines levels were diminished by microfi-
laremia. Although Th1-associated cytokines and eotaxin differed

Figure 3. Cytokine levels in microfilaria-positive and -negative patients. Each symbol represents an individual patient. Horizontal bars represent the
geometric mean in each group. Abbreviations: GM-CSF, granulocyte macrophage colony-stimulating factor; IFN-γ, interferon gamma; IL-4, interleukin 4;
IL-5, interleukin 5; MF, microfilaria.
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between the END and TR groups, these cytokine levels did not
vary between those with and those without microfilariae.

Differences in antibody production were also seen between
groups. Parasite-specific IgG levels were significantly lower in
the END group than in the TR group. Previous studies found
a higher level of BMA-specific IgG in patients with Calabar
swelling, suggesting that B-cell activation may contribute to
the clinical hyperresponsiveness seen in TR [12]. However,
this did not appear to be the case in the present study.

A limitation of the current study is the relatively small num-
ber of END subjects compared to TR; nevertheless, this study, to
our knowledge represents the largest cohort of loiasis patients
examined. Because the evaluation of all patients was performed
at a state-of-the-art tertiary referral center, we did not include
those END subjects studied abroad (eg, Benin, Cameroon) as
they had not received the extremely detailed clinical and diag-
nostic evaluations that were provided to all subjects in this
study. In addition, although it is possible that some of the sub-
jects had cryptic non-Loa coinfections, it is unlikely given the
extensive evaluation performed for other filarial and related hel-
minth parasites. We acknowledge that eosinophil counts have
been shown to be lower in subjects infected with malaria, and
malaria was not systematically assessed in this study [32]. The
fact that there was no difference at baseline between identified
additional parasitic or filarial infections between the groups
suggests that they did not differ in rates of non-Loa coinfection
in the present study.

This study has exciting implications regarding the importance
of eosinophils in mediating some of the symptoms associated
with loiasis. Additional studies are under way examining the al-
terations in eosinophil granule proteins and cytokines following
treatment to better understand the role played by eosinophils in
posttreatment reactions. Indeed, an interventional study targeting
the IL-5 axis is under way as a preventive strategy to mitigate
some of the posttreatment reactions seen in loiasis.

Several important questions remain unanswered. The im-
mune downregulation seen among END appears to be related
to factors independent of microfilariae, but the underlying
pathophysiology of these differences is not known. Neverthe-
less, the regulatory mechanisms responsible for the altered eo-
sinophil counts and activation seen between the 2 groups and
the contribution this makes to underlying symptomatology
need to be better defined. This could help better understand
the posttreatment symptoms seen in this important filarial in-
fection and to identify methods to ameliorate these serious post-
treatment adverse events.

Notes

Acknowledgments. The authors thank the large number of Laboratory
of Parasitic Diseases clinical fellows who helped to care for the patients
described in this study.

Author contributions. T. B. N., A. D. K., C. T.-W., M. L., and
J. H. helped to codify the clinical information related to the presenting
signs and symptoms of patients with loiasis and maintained the database
of clinical information. J. H., M. M., and T. B. N. developed the eosinophil
granule protein Luminex immunoassay. T. B. N. was responsible for the
treatment and clinical care provided to all patients, and T. B. N., J. H.,
and A. D. K. provided some of the clinical care of the patients under proto-
col NCT00001230. J. H. performed all of the immunoassays with assistance
from S. M. and J. H., and T. B. N. performed the data analysis. J. H. and
T. B. N. wrote the manuscript, with all authors providing assistance with
editing. T. B. N., as head of the Laboratory of Parasitic Diseases, oversaw
all laboratory assays included in this study and was the primary person re-
sponsible for the intellectual development of the study. J. H., as correspond-
ing author, had full access to all the data in the study and had final
responsibility for the decision to submit for publication.
Financial support. This work was performed wholly within the Divi-

sion of Intramural Research, National Institute of Allergy and Infectious
Diseases, National Institutes of Health.
Potential conflicts of interest. All authors: No potential conflicts of

interest.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. Boussinesq M. Loiasis. Ann Trop Med Parasitol 2006; 100:715–31.
2. Lipner EM, LawMA, Barnett E, et al. Filariasis in travelers presenting to

the GeoSentinel Surveillance Network. PLoS Negl Trop Dis 2007; 1:e88.
3. Katner H, Beyt BE Jr, Krotoski WA. Loiasis and renal failure. SouthMed

J 1984; 77:907–8.
4. Andy JJ, Ogunowo PO, Akpan NA, Odigwe CO, Ekanem IA, Esin RA.

Helminth associated hypereosinophilia and tropical endomyocardial
fibrosis (EMF) in Nigeria. Acta Trop 1998; 69:127–40.

5. Toussaint D, Danis P. Retinopathy in generalized loa-loa filariasis. A
clinicopathological study. Arch Ophthalmol 1965; 74:470–6.

6. Holmes D. Loa loa: neglected neurology and nematodes. Lancet Neurol
2013; 12:631–2.

7. Grove DI, Schneider J. Arm lymphedema associated with filariasis. Arch
Intern Med 1981; 141:137.

8. Van Bogaert L, Dubois A, Janssens PG, Radermecker J, Tverdy G,
Wanson M. Encephalitis in loa-loa filariasis. J Neurol Neurosurg
Psychiatry 1955; 18:103–19.

9. Carme B, Boulesteix J, Boutes H, Puruehnce MF. Five cases of enceph-
alitis during treatment of loiasis with diethylcarbamazine. Am J Trop
Med Hyg 1991; 44:684–90.

10. Twum-Danso NA. Loa loa encephalopathy temporally related to iver-
mectin administration reported from onchocerciasis mass treatment
programs from 1989 to 2001: implications for the future. Filaria J
2003; 2(suppl 1):S7.

11. Haselow NJ, Akame J, Evini C, Akongo S. Programmatic and commu-
nication issues in relation to serious adverse events following ivermectin
treatment in areas co-endemic for onchocerciasis and loiasis. Filaria J
2003; 2(suppl 1):S10.

12. Klion AD, Massougbodji A, Sadeler BC, Ottesen EA, Nutman TB. Loia-
sis in endemic and nonendemic populations: immunologically mediat-
ed differences in clinical presentation. J Infect Dis 1991; 163:1318–25.

13. Nutman TB, Reese W, Poindexter RW, Ottesen EA. Immunologic cor-
relates of the hyperresponsive syndrome of loiasis. J Infect Dis 1988;
157:544–50.

14. Nutman TB, Miller KD, Mulligan M, Ottesen EA. Loa loa infection in
temporary residents of endemic regions: recognition of a hyperrespon-
sive syndrome with characteristic clinical manifestations. J Infect Dis
1986; 154:10–8.

15. Ottesen EA, Weller PF, Lunde MN, Hussain R. Endemic filariasis on a
Pacific island. II. Immunologic aspects: immunoglobulin, complement,

62 • CID 2015:60 (1 January) • Herrick et al

 at N
ational Institutes of H

ealth L
ibrary on D

ecem
ber 29, 2014

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


and specific antifilarial IgG, IgM, and IgE antibodies. Am J Trop Med
Hyg 1982; 31:953–61.

16. Dennis DT, Kean BH. Isolation of microfilariae: report of a new meth-
od. J Parasitol 1971; 57:1146–7.

17. Fink DL, Fahle GA, Fischer S, Fedorko DF, Nutman TB. Toward molec-
ular parasitologic diagnosis: enhanced diagnostic sensitivity for filarial
infections in mobile populations. J Clin Microbiol 2011; 49:42–7.

18. More SJ, Copeman DB. A highly specific and sensitive monoclonal an-
tibody-based ELISA for the detection of circulating antigen in bancrof-
tian filariasis. Trop Med Parasitol 1990; 41:403–6.

19. Weil GJ, Liftis F. Identification and partial characterization of a parasite
antigen in sera from humans infected with Wuchereria bancrofti.
J Immunol 1987; 138:3035–41.

20. Lal RB, Ottesen EA. Enhanced diagnostic specificity in human filariasis
by IgG4 antibody assessment. J Infect Dis 1988; 158:1034–7.

21. Ottesen EA, Skvaril F, Tripathy SP, Poindexter RW, Hussain R.
Prominence of IgG4 in the IgG antibody response to human filariasis.
J Immunol 1985; 134:2707–12.

22. Makiya MA, Herrick JA, Khoury P, Prussin CP, Nutman TB, Klion AD.
Development of a suspension array assay in multiplex for the simulta-
neous measurement of serum levels of four eosinophil granule proteins.
J Immunol Methods 2014; 411:11–22.

23. Felts WR, Talbott EJ. A study of host-parasite relationship in Loa loa; a
case report. Am J Med 1957; 22:995–1003.

24. Dupont A, Zue-N’dong J, Pinder M. Common occurrence of amicrofi-
laraemic Loa loa filariasis within the endemic region. Trans R Soc Trop
Med Hyg 1988; 82:730.

25. Antinori S, Schifanella L, Million M, et al. Imported Loa loa filariasis:
three cases and a review of cases reported in non-endemic countries in
the past 25 years. Int J Infect Dis 2012; 16:e649–62.

26. Noireau F, Carme B, Apembet JD, Gouteux JP. Loa loa andMansonella
perstans filariasis in the Chaillu mountains, Congo: parasitological prev-
alence. Trans R Soc Trop Med Hyg 1989; 83:529–34.

27. Baize S, Wahl G, Soboslay PT, Egwang TG, Georges AJ. T helper re-
sponsiveness in human Loa loa infection; defective specific proliferation
and cytokine production by CD4+ T cells frommicrofilaraemic subjects
compared with amicrofilaraemics. Clin Exp Immunol 1997; 108:272–8.

28. Leroy E, Baize S, Wahl G, Egwang TG, Georges AJ. Experimental infec-
tion of a nonhuman primate with Loa loa induces transient strong
immune activation followed by peripheral unresponsiveness of helper
T cells. Infect Immun 1997; 65:1876–82.

29. Ungeheuer M, Elissa N, Morelli A, et al. Cellular responses to Loa loa
experimental infection in mandrills (Mandrillus sphinx) vaccinated
with irradiated infective larvae. Parasite Immunol 2000; 22:173–83.

30. Steel C, Varma S, Nutman TB. Regulation of global gene expression in
human Loa loa infection is a function of chronicity. PLoS Negl Trop Dis
2012; 6:e1527.

31. King CL, Kumaraswami V, Poindexter RW, et al. Immunologic toler-
ance in lymphatic filariasis. Diminished parasite-specific T and B lym-
phocyte precursor frequency in the microfilaremic state. J Clin Invest
1992; 89:1403–10.

32. Kotepui M, Phunphuech B, PhiwklamN, Chupeerach C, Duangmano S.
Effect of malarial infection on haematological parameters in population
near Thailand-Myanmar border. Malar J 2014; 13:218.

Clinical Presentation of Loiasis • CID 2015:60 (1 January) • 63

 at N
ational Institutes of H

ealth L
ibrary on D

ecem
ber 29, 2014

http://cid.oxfordjournals.org/
D

ow
nloaded from

 

http://cid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


