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Treatment of patients with patent Wuchereria bancrofti infection results in an acute clinical reaction and
peripheral eosinophilia. To investigate the dynamics of the eosinophil response, changes in eosinophil acti-
vation and degranulation and plasma levels of eosinophil-active chemokines and cytokines were studied in 15
microfilaremic individuals in south India by sequential blood sampling before and after administration of 300
mg of diethylcarbamazine (DEC). Clinical symptoms occurred within 24 h. Plasma interleukin-5 (IL-5) and
RANTES levels peaked 1 to 2 days posttreatment, preceding a peak peripheral eosinophil count at day 4. Major
basic protein secretion from eosinophils paralleled IL-5 secretion, while levels of eosinophil-derived neurotoxin
peaked at day 13 after treatment. Expression of the activation markers HLA-DR and CD25 on eosinophils rose
markedly immediately after treatment, while expression of VLA-4 and a4b7 showed an early peak within 24 h
and a second peak at day 13. Thus, the posttreatment reactions seen in filarial infections can be divided into
an early phase with killing of microfilariae, clinical symptomatology, increases in plasma IL-5 and RANTES
levels, and eosinophil activation and degranulation and a later phase with expression of surface integrins on
eosinophils, recruitment of eosinophils from the bone marrow to tissues, and clearance of parasite antigen.

The current view of eosinophil production, migration, acti-
vation, and degranulation after a perturbation of the normal
homeostatic environment suggests that eosinophils, in re-
sponse to a primarily tissue-based signal such as a chemokine,
increase the expression of b1- and b2-integrins and other ad-
hesion molecules (e.g., CD44) to allow for receptor-mediated
transendothelial migration (TEM). During their migration to
sites of allergic or parasitic inflammation, eosinophils become
activated, upregulate the surface expression of HLA-DR,
CD25, and CD69, and degranulate when appropriately stimu-
lated. The degranulation products, major basic protein (MBP),
eosinophil-derived neurotoxin (EDN), eosinophil cationic pro-
tein (ECP), and eosinophil peroxidase (EPO), along with cy-
tokines such as interleukin-5 (IL-5), granulocyte-macrophage
colony-stimulating factor (GM-CSF), IL-4, and IL-10, act lo-
cally as well as at distant sites to promote growth and differ-
entiation of eosinophil precursors.

Much of the information to date on eosinophil behavior and
degranulation has been obtained in vitro. The eosinophilia that
occurs following treatment of helminth infections (13, 17, 25,
27, 31) provides a unique physiologic system in which to study
an evolving eosinophil response, the kinetics of secretion of
eosinophil-active cytokines and degranulation products, and
the expression of cell surface molecules such as integrins in
relation to observed clinical and physiological events. In the
present study, we sought to formulate a comprehensive picture
of the various clinical and immunologic events that occur fol-
lowing treatment of bancroftian filariasis with diethylcarbam-
azine (DEC), focusing on eosinophil surface activation and
degranulation and the kinetics of a variety of eosinophil-active
cytokines such as GM-CSF and IL-5, inflammatory cytokines

such as tumor necrosis factor alpha (TNF-a) and IL-6, and the
chemokines important in eosinophil regulation, eotaxin and
RANTES.

MATERIALS AND METHODS

Patients. The study was carried out in and around Madras, India, an area
highly endemic for Wuchereria bancrofti. Fifteen male microfilaremic patients
were identified from the records of the municipal corporation filariasis control
program, and informed consent was obtained prior to enrollment in the study.
The patients ranged in age from 21 to 45 years and were healthy by history and
physical examination at the time of the study. None had been previously diag-
nosed with filarial infection, and none had received antifilarial treatment. Four
uninfected healthy individuals (three female and one male) from the same
geographic area, ranging in age from 22 to 35 years, were used as controls.

Study design. Informed consent was obtained from all patients; the study
protocol was approved by the Institutional Review Board of the National Insti-
tute of Allergy and Infectious Diseases, National Institutes Health, Bethesda,
Md., and consent of the ethics committees of the participating institutes in India
was obtained.

Prior to drug administration, blood was drawn between 9:00 and 10:00 p.m. on
two consecutive nights, and 1 ml on each night was filtered through a 2-mm-
pore-size Nuclepore filter to obtain a microfilarial count. After a history, physical
examination, and baseline blood work on the day of treatment, a single dose of
300 mg of DEC was administered orally. Blood samples in EDTA were obtained
at 1.5, 24, 48, and 96 h and at 6 and 13 days after DEC administration for
complete blood count with differential and for flow cytometry for analysis of the
surface phenotype of eosinophils. Plasma was collected at each time point and
stored at 270°C until used. Control individuals were studied by using the same
protocol except for night blood assays. Absence of filarial infection in control
subjects was confirmed by a negative immunochromatographic filarial antigen
test (ICT Diagnostics, Townsville, Queensland, Australia). Posttreatment ad-
verse effects were graded as described previously (23). Briefly, each symptom was
assigned a score between 0 and 3 depending on occurrence and severity, with 0
indicating absence and 3 denoting the greatest severity.

Measurement of cytokines, chemokines, and eosinophil degranulation prod-
ucts. The measurements were performed by enzyme-linked immunosorbent as-
say (ELISA). The IL-5, RANTES, IL-10, IL-4, gamma interferon (IFN-g), and
GM-CSF assays used antibody pairs and techniques described previously (35).
TNF-a levels were measured by using a commercially available high-sensitivity
kit (Endogen; Cambridge, Mass.). Eotaxin levels were kindly assayed by ELISA
by Adele Hartnell at the Heart, Lung and Blood Institute (London, England).
MBP and EDN levels were assayed by a sandwich ELISA developed in the
laboratory (unpublished data), using monoclonal and polyclonal antibodies
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raised against eosinophil granule proteins. EDN and MBP were isolated from a
patient with hypereosinophilia and purified according to a technique described
previously (2). Monoclonal antibodies (MAbs) were raised in mice, and purified
polyclonal antibodies from immunized rabbits were used in the detection step.
All proteins and MAbs were tested to ensure specificity, and all were monospe-
cific. Briefly, for MBP, 96-well U-bottom Immulon plates were coated with an
anti-MBP MAb at 2.5 mg/ml in phosphate-buffered saline (PBS) and left at 4°C
overnight. After six washes with PBS–0.025% Tween, plates were blocked with
13 PBS with 0.05% Tween 20 and 5% BSA for 1 h at 37°C. After a further wash,
plasma samples were placed on the plate in duplicate at dilutions of 1:10 and 1:50
for each sample. Purified MBP was used to construct the standard curve. After
an overnight incubation at 4°C, rabbit anti-human MBP was used at a dilution of
1:5,000 and incubated at 37°C for 2 h. Following another wash, goat anti-rabbit
alkaline phosphatase was added at 1:1,000 for 1 h at 37°C, and the plates were
developed with p-nitrophenyl phosphate substrate and read on a kinetic micro-
plate reader (Molecular Devices, Sunnyvale, Calif.). The sensitivity of the assay
was 1.9 ng/ml.

The procedure for EDN was as described above except that an EDN-specific
MAb was used to coat plates and purified EDN diluted in ELISA diluent was
used for the standard curve. Rabbit anti-human EDN was used as the secondary
antibody, and the level of detection was 7.6 ng/ml.

Flow cytometry sample preparation. The relevant MAbs (5 to 10 ml) were
added to prewetted Falcon 2054 tubes followed by 50 ml of whole blood and 50
ml of Hanks balanced salt solution (HBSS) (without Ca21, Mg21, or phenol red)
with 0.2% BSA and 0.1% NaN3. The tubes were then vortexed and incubated in
the dark for 30 min at 4°C. Following a wash with HBSS, 1 ml of FACS
(fluorescence-activated cell sorting) lysing solution was added to each tube. The
samples were vortexed vigorously and then incubated in the dark at room tem-
perature for 15 min. When necessary, this lysis step was repeated for 5 min to
completely clear the erythrocyte pellet. Following two more washes with HBSS,
the cell pellet was resuspended in 250 ml of HBSS with 1% paraformaldehyde
and stored at 4°C until analysis. All steps except the erythrocyte lysis were carried
out on ice.

Flow cytometry sample analysis. Samples were analyzed on a FACScan flow
cytometer (Becton Dickinson, Mountain View, Calif.). Isotype controls (Caltag,
South San Francisco, Calif.) were used to set quadrants, and compensation was
adjusted with single-color controls: anti-CD3 conjugated with fluorescein iso-
thiocyanate (FITC) and phycoerythrin (PE) (clone UCHT1; Immunotech, West-
brook, Maine) and anti-CD3-Tricolor (clone S4.1; Caltag). Eosinophils were
gated on a plot of side scatter (x axis) versus anti-CD16-PE (3G8; Caltag) (y axis),
a method that has been found (15) to unequivocally delineate the eosinophils
from the neutrophil cluster. Anti-CD16-PE or anti-CD16-FITC (3G8) was used
in all relevant tubes to define eosinophils that are uniformly CD16 negative. The
following panel of MAbs against surface activation markers and adhesion mol-
ecules was used to study eosinophils: anti-HLA-DR-PE (TU 36; Caltag), anti-
CD25-FITC (CD25-3G10; Caltag), anti-CD11a-FITC (25.3; Immunotech), anti-
CD11b-FITC (Bear1; Immunotech), anti-VLA-4-FITC (HP2.1; Immunotech),
anti-CD23-FITC (TU 1; Caltag), anti-CD69-FITC (L78; Becton Dickinson),
anti-CD44-FITC (Caltag), and anti-a4b7 (act-1; kindly supplied by Leukosite
[Cambridge, Mass.], conjugated with FITC by Molecular Probes [Eugene,
Oreg.]). Quadrants were drawn by applying gates for the eosinophil population
to a plot of the isotype control. Data were analyzed with CELLQuest software,
and both percent positivity and the mean fluorescence intensities of all markers
were calculated.

Statistics. Statistical analyses were performed by the Mann-Whitney test,
Wilcoxon test, and Spearman rank correlation where appropriate.

RESULTS

Study population. The patients in this study ranged in age
from 21 to 40 years. The initial microfilarial counts ranged
from 15 to 1,000/ml, with a geometric mean (GM) of 250/ml;
11 of 15 had initial microfilarial counts greater than 100/ml.
The single dose of DEC resulted in a 97.7% drop in microfi-
larial count by 24 h, followed by a rebound and then a slower
decline. By day 6, the microfilarial count had dropped to 19.5%
of the pretreatment value (data not shown).

Following treatment, the most common symptoms were fe-
ver, headache, lethargy, and myalgias, which began within 4 h
after DEC administration, peaked within 24 h, and rarely
lasted beyond 48 h. There was a highly significant correlation
between initial parasite levels and symptom severity at 12 h
(P 5 0.0025) and 24 h (P 5 0.0019) posttreatment. Uninfected
control individuals had no clinical reactions following DEC
administration.

Eosinophil responses to treatment. Baseline absolute eosin-
ophil numbers ranged between 100 and 5,310/ml, with a GM of

678/ml, but there was no correlation between initial eosinophil
percentage or absolute eosinophil counts and initial microfi-
larial counts. Within 1.5 h after DEC administration, there was
a 24% drop in the GM of the peripheral eosinophil count.
Following this initial drop in circulating eosinophils, there was
a progressive rise in number, reaching a peak (maximum 200%
of baseline) by day 3 or 4 after treatment (Fig. 1A). Eosinophil
counts then declined to baseline between days 6 and 13.
Healthy uninfected controls did not have elevated eosinophil

FIG. 1. Kinetics of the peripheral eosinophil count and levels of plasma IL-5
and RANTES after treatment. Eosinophil counts expressed as the GM (A),
plasma IL-5 levels (B), and RANTES levels (C) in study patients as a function of
hours posttreatment (horizontal axes) are shown as hatched bars, while corre-
sponding levels in controls are shown as solid bars. p, P , 0.01; pp, P , 0.03.
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counts at baseline, nor did the counts change significantly fol-
lowing DEC administration.

Cytokine and chemokine response to treatment. To study
the kinetics of various cytokines and chemokines known to
affect eosinophil production, activation, and migration, plasma
levels of IL-5, GM-CSF, RANTES, and eotaxin were mea-
sured before and after treatment. In addition, plasma levels of
cytokines important in filarial infections, i.e., IL-4, IL-10, and
IFN-g, were assayed at the same time points. Thirteen of 15
patients had no measurable plasma IL-5 at baseline, while 2
patients had IL-5 levels of 29.8 and 31 pg/ml at time zero.
Following DEC administration, there was a significant rise
(900% increase over baseline; GM, 1,182 pg/ml [P , 0.01]) in
serum IL-5 levels in all patients by 24 h after treatment, which
peaked at 48 h (1,700% over baseline; P , 0.01) at a GM level
of 4,490 pg/ml (Fig. 1B). Levels were still elevated significantly
at day 4 (GM, 2,074 pg/ml; P , 0.01) but then declined quickly
to baseline by a week after DEC administration (Fig. 1B). The
rise and peak of serum IL-5 predated the peak of eosinophilia
by 2 to 3 days, suggesting that the early surge of IL-5 in the
circulation is crucial to the maturation of eosinophils from
bone marrow precursors and to their recruitment into the
circulation.

GM-CSF, another eosinophilopoietic cytokine, was detected
variably in 4 of 15 patients, but there were no observed pat-
terns of secretion (data for this and the following cytokines are
not shown). Similarly, TNF-a, IL-6, IFN-g, IL-4, and IL-10
were rarely detected and, when found, were not related to
either the eosinophil counts or the clinical reactions. There
was, however, a significant amount of RANTES (GM, 13,936
pg/ml in patients) in the circulation at baseline. RANTES
levels began rising significantly within 1.5 h (Fig. 1C) following
treatment (P 5 0.03), and by 24 h, there was a 2,304% (GM)
increase over baseline (P , 0.01). This elevation was main-
tained until 48 h after treatment and then declined toward
baseline by days 6 to 13, closely paralleling the secretion ki-
netics of IL-5. Levels of eotaxin in patient plasma, by contrast,
remained unchanged after treatment (data not shown) and
bore no relation to the eosinophil count.

Assessment of eosinophil degranulation products MBP and
EDN. Measurement of eosinophil degranulation products in
plasma indicated that eosinophils were actively degranulating,
presumably as part of the process of microfilarial killing (Fig.
2). MBP was detected in the plasma at baseline (GM, 134.6
pg/ml) and started rising within 24 h after treatment. The
kinetics of secretion of MBP closely paralleled that of IL-5,
suggesting coordinated secretion of both IL-5 and MBP.

A 264% increase in plasma levels of MBP was observed at
48 h (P , 0.003), prior to the greatest change in eosinophil
count (Fig. 2), and levels remained elevated until day 6. EDN,
however, appeared to be released and regulated differently
(Fig. 2). Although the level of this degranulation product at
baseline was comparable to MBP levels (135 pg/ml), a signif-
icant drop was observed within the first 24 h after treatment,
beginning at 1.5 h (P , 0.05). Thereafter, a significant rise in
EDN plasma levels appeared only at day 6 (152%; P , 0.05),
just after the peak in eosinophil count (360% of baseline [Fig.
1]), suggesting that EDN was being secreted by the newly
matured population of eosinophils entering the circulation
from the bone marrow.

Flow cytometry. Expression of the activation markers CD25
and HLA-DR on eosinophils from the patient group as a
whole (Fig. 3) was assessed. A very rapid increase in percent
expression of HLA-DR (173% of baseline) and CD25, the IL-2
receptor (465.3% of baseline; P 5 0.01), was observed as early
as 1.5 h after treatment. Following a dip at 24 h, expression of

CD25 remained significantly higher than baseline for the next
13 days (P , 0.05 for all time points; maximum, 722% of
baseline); the percent expression of HLA-DR, while elevated
for the first 4 days, did not show a statistically significant
difference from baseline (maximum, 173%). Expression of the
early leukocyte activation marker, CD69, was also elevated 24
to 48 h after treatment, but the change was not statistically
significant (data not shown).

As the b1-integrins VLA-4 and a4b7 are known to play a
crucial role in eosinophil tethering to, and trafficking through,
the endothelial lining, their expression—along with the expres-
sion of the hyaluronate receptor CD44—was examined on the
surface of eosinophils before and after treatment. Surface ex-
pression of the integrins displayed a bimodal pattern (Fig. 4A
and B) with early upregulation starting 1.5 h after treatment
(P , 0.04 for both), subsequent decline in expression, and a
second peak at day 13. The initial increase in expression of
VLA-4 was 256% of baseline (P 5 0.01), while a4b7 was 334%
of baseline at that time point. Surface expression of both mark-
ers declined until day 4 for VLA-4 and day 6 for a4b7; by day
13, a significant increase was again noted (257% of baseline for
VLA-4 [P 5 0.05] and 312% of baseline for a4b7). CD44
expression increased in the first 1.5 h to 139% of baseline (Fig.
4C; P 5 0.04) and remained variably elevated for the first 7
days (maximum, 220%).

Expression of the b2-integrins CD11a and CD11b was also
studied because of their important role in eosinophil adhesion,
degranulation, and trafficking. No change was observed in ex-
pression of CD11b on the eosinophil surface at any time fol-
lowing DEC (data not shown), while there was a significant
decline in expression of CD11a (74% of baseline at 1.5 h; P 5
0.04) after treatment, with the nadir observed at day 4 (12% of
baseline), followed by a return to baseline levels by day 13
(data not shown). CD23 (the low-affinity IgE receptor) expres-
sion varied after treatment, with an early significant increase
(239%; P 5 0.01) but no significant changes from baseline
thereafter (data not shown).

FIG. 2. Kinetics of MBP (solid bars) and EDN (hatched bars) relative to the
eosinophil count (broken line) as a function of hours after treatment. p, P ,
0.003; pp, P , 0.05.
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Control group. To ascertain that the surface changes on
eosinophils were not caused by a nonspecific effect of DEC, we
repeated the complete blood counts and analysis of surface
changes on eosinophils by flow cytometry at identical time
points in four uninfected healthy individuals following admin-
istration of a single dose of 300 mg of DEC. As mentioned
earlier, no clinical symptoms occurred. There was a small,
nonsignificant drop in eosinophil count at 1.5 h after DEC
administration in all four individuals, but no further alteration
in eosinophil count occurred. In addition, plasma levels of
IL-5, RANTES (Fig. 1), MBP, and EDN (data not shown) did
not vary appreciably from baseline at any time point. Similarly,
we observed no consistent patterns or significant differences in
surface receptor expression on eosinophils or their mean flu-
orescence intensities (data not shown).

DISCUSSION

The generally quiescent relationship that normally exists
between the immune systems of chronically microfilaremic in-
dividuals and the filarial parasites they harbor is reflected by a
lack of clinical symptomatology, absence of significant periph-
eral blood eosinophilia, and relatively low levels of filaria-
specific immunoglobulin G (IgG). This tolerance is maintained
at the T-cell level, as evidenced by the limited production of
IL-2 and IFN-g in response to specific filarial antigens in mi-

crofilaremic individuals. With treatment, however, this equilib-
rium is perturbed such that significant clinical reactions and
eosinophilia characteristically occur. In this study, we focused
on the eosinophilia that occurs following treatment of patent
W. bancrofti infection to study the regulatory events underlying
eosinophil activation, trafficking, and degranulation in a phys-
iologic system in vivo.

Reflective of many similar findings in the literature (10, 21,
30), the peripheral microfilarial count fell precipitously at 24 h
following treatment, followed by an increase in their number
and a subsequent slower decline.

FIG. 3. Expression of CD25 (A) and HLA-DR (B) on eosinophils as a
function of hours posttreatment. p, P , 0.05.

FIG. 4. Expression of integrins VLA-4 (A), a4b7 (B), and CD44 (C) on
eosinophils as a function of hours posttreatment. p, P 5 0.01; pp, P 5 0.05; ppp,
P , 0.04.

96 GOPINATH ET AL. INFECT. IMMUN.



Administration of DEC, a micro- and macrofilaricidal drug,
and/or ivermectin, a microfilaricidal drug, leads to rapid killing
of microfilariae in the circulation and an immediate inflamma-
tory response characterized in most patients by a brief serum
sickness-like illness and eosinophilia. In our study, clinical
symptoms occurred very quickly after treatment and peaked
within 24 h, correlating with the onset of microfilarial killing in
the circulation.

Eosinophilia was not prominent prior to treatment, occur-
ring in only 3 of 15 patients. Following treatment, as has been
observed in other studies (9, 25), there was an immediate drop
in peripheral eosinophil count at 1.5 h, which likely reflects the
immediate migration of eosinophils into tissues or, possibly,
their adhesion to dying microfilariae within the circulation (7).
The upregulation of surface integrins on eosinophils in this
same time period (Fig. 4) lends additional support to these
hypotheses.

The kinetics of the increase in peripheral eosinophil number
and the peak occurring 4 days after treatment parallel, almost
exactly, observations made in previous studies (1, 25, 27). It is
now well established that IL-5 is a crucial factor in the recruit-
ment of eosinophils into the circulation or tissues (8, 17, 24, 26,
29, 36), with important effects on the maturation and release of
eosinophils from precursor cells in bone marrow and protec-
tion from apoptosis (34); we confirmed the definite relation-
ship that exists between the peak of IL-5 secretion at 48 h
following treatment and the recruitment and subsequent peak
of eosinophils in the circulation. The fact that the eosinophil
peak occurred at day 4 rather than at day 6 or 7 as reported in
the literature could be reflective of the synergistic effect of
RANTES on the eosinophil response or of the recruitment of
eosinophils from the tissues into the circulation.

RANTES, a powerful chemoattractant for eosinophils (12,
33), is released from multiple sources including platelets, T
cells, and monocytes. It stimulates eosinophil cationic protein
release from eosinophils (36) and an increase in their TEM by
inducing the expression of surface adhesion molecules (12). In
our study, RANTES secretion paralleled the secretion of IL-5,
suggesting that this chemokine was also instrumental in re-
cruitment of eosinophils into the circulation, expression of
adhesion receptors, and, perhaps more important, recruitment
of eosinophils to sites of inflammation (36). Plasma eotaxin
levels did not change after treatment; however, this may not
necessarily reflect its importance in eosinophil recruitment at
local sites of inflammation. Studies in mice indicate that sys-
temic administration of eotaxin induced a sequestration of
eosinophils from the tissues into the blood, while its subcuta-
neous injection induced a local tissue eosinophilia; IL-5, not
eotaxin, mobilized the bone marrow pool of eosinophils (29).

Eosinophil degranulation, the release of toxic cationic pro-
teins from secondary granules within the cell, is one of the
major effector functions of eosinophils. Although the toxicity
of these proteins varies (2, 18), MBP produces most hel-
minthotoxic activity (2, 6, 18, 40) by virtue of its relative abun-
dance in the eosinophil granule. Secretion of all four granule
proteins is stimulated by the cytokines IL-3, IL-5, and GM-
CSF (20). IL-5, however, though a strong secretagogue for
human eosinophils, appears to need a secondary event, e.g.,
adhesion via b2 integrins, for degranulation to occur (14).

In studies of the Mazzotti reaction following treatment of
onchocerciasis with DEC (3, 22) or amocarzine (16), levels of
both EDN and MBP increased and peaked within the first 5
days, with EDN appearing first (within 8 h). In association with
eosinopenia, there is an accumulation of eosinophils and dep-
osition of MBP around dying microfilariae in the skin (16, 22)
and possibly an amplification of the inflammatory reaction via

eosinophil granule-mediated mast cell degranulation (3). In a
study of bancroftian filariasis following treatment with DEC
for 14 days (1), the peak in mean MBP levels occurred at day
8. Stimulation of granule protein secretion does, however, oc-
cur variably in other conditions such as cancer (39) and may
even occur spontaneously, depending on incubation tempera-
tures and time before centrifugation and recovery of serum
during processing of blood samples (32).

In the present study, MBP was detected at baseline prior to
treatment (mean, 134.6 pg/ml). Baseline MBP levels in a vari-
ety of parasitic infections (38) such as onchocerciasis, bancrof-
tian filariasis, and schistosomiasis tend to be higher than in
other protozoal infections such as malaria. Levels of MBP
began to rise within 24 h, and the kinetics of its secretion
closely paralleled that of IL-5. Previous evidence indicates that
IL-5 is secreted by eosinophils (11) and that IL-5 and GM-CSF
colocalize to MBP-positive granules (28); it is plausible to
speculate that both IL-5 and MBP are secreted from eosino-
phils in the circulation or that IL-5 stimulated the release of
MBP from eosinophils. By 48 h following treatment, levels of
MBP had risen 264% from baseline and remained elevated for
7 days, reflecting delayed clearance of MBP from the circula-
tion, further secretion from newly recruited eosinophils at later
time points, or secretion of MBP from cells in tissues or in
bone marrow (1). Our results indicate that the kinetics of
secretion of EDN were quite different: levels actually fell from
a baseline of 135 pg/ml and began to rise again only around day
7. Since EDN levels began to rise coincident with the peak of
eosinophilia, it seems likely that the source was the newly
recruited eosinophils or immature cells still developing in the
bone marrow. Although the differential secretion of EDN and
MBP has not been noted previously, there is precedence for
the differential secretion of eosinophil granule proteins in bac-
terial and viral infections (19). EDN levels measured in other
parasitic diseases seem to correlate with the number of periph-
eral blood eosinophils (38). Further, EDN, as an RNase, may
be initially consumed during the migration of eosinophils into
tissues and initial killing of microfilariae, accounting for its
decline within the first few days after treatment.

Eosinophils ordinarily circulate in the bloodstream in an
inactivated state. During inflammation or sudden antigen re-
lease, mediators such as histamine, leukotrienes, prostaglan-
dins, and cytokines are released locally and can act as chemoat-
tractants or cell adhesion molecule-inducing agents. The
process of TEM is initiated with eosinophil rolling on the
endothelial cell surface, an interaction mediated by L-selectins
on the eosinophil and E- and P-selectins on the endothelium.
Activation of b2-integrins occurs during this step and triggers
a conformational change in the integrin heterodimer, resulting
in greater ligand affinity and firm, shear-resistant, integrin-
mediated adhesion. Eosinophils bind via LFA-1 and Mac-1 to
ICAM-1 and via VLA-4 to VCAM-1, a process upregulated by
IL-5, IL-3, GM-CSF, and platelet-activating factor. Movement
of the eosinophil from the apical to the basolateral surface of
endothelial cells, the process known as diapedesis or TEM,
then occurs.

In our system, the dynamics of integrin expression on eosin-
ophils appeared to follow a bimodal pattern. Both VLA-4 and
a4b7 were upregulated within 1.5 h after treatment, coincident
with eosinopenia, presumably mediating either shear-resistant
adhesion to endothelial molecules or clumping of eosinophils
around damaged or dying microfilariae, an effect that is clearly
demonstrable in vitro (unpublished data). The subsequent de-
cline in integrin expression may reflect the preponderance of
inactivated eosinophils demarginating or being recruited into
the circulation over the next few days. These then encounter
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dying microfilariae, are activated, and subsequently migrate
into the lymphoid tissues in the process of clearance. The
second peak of integrin expression occurred just after the peak
of eosinophilia; the eosinophil count subsequently fell, likely
reflecting the mass migration of eosinophils into the tissues
mediated by both b1- and b2-integrins.

Expression of the b2-integrin CD11b remained at a high
level before and after treatment, a finding supported by studies
in onchocerciasis, a related filarial infection (4). Since b2-
integrin engagement appears to be integral to degranulation
induced by cytokines as well as by TEM, the constantly high
level of expression may reflect its multiplicity of functions.
Expression of CD11a, however, decreased initially, followed by
a subsequent increase to baseline levels. The reasons for this
are unclear. Surface expression on eosinophils of the activation
markers HLA-DR and CD25 (the IL-2 receptor) increased
significantly in the first hours after treatment; the former may
reflect the recently discovered capability of eosinophils to
present antigen (37), while the latter would presumably be
important in the generalized activation of these cells. Finally,
CD44, the hyaluronic acid receptor, underwent a significant
increase in expression in the first hours after treatment and
reached a peak at day 7, before the second peak in expression
of VLA-4 and a4b7. This again serves to underscore the like-
lihood of a second wave of migration of eosinophils into the
tissues at that time period. In addition to their all-important
role in cell trafficking into the tissues, integrins may also play a
role in adherence of eosinophils to parasites themselves. The
deposition of fibronectin on the surface of infective larvae of
Onchocerca volvulus has recently been demonstrated (N. W.
Brattig, unpublished data). Eosinophils preferentially attach to
parasites, initially through Fc receptors on the cell surface and
then by an irreversible adhesion that induces degranulation
(4). Homotypic (eosinophil-eosinophil) adhesion reactions and
heterotypic (eosinophil-ECM) reactions then occur; these re-
actions serve presumably to amplify the direct cellular reaction
with parasite surfaces, resulting in the accumulation of degran-
ulation products and other toxic molecules as well as in paral-
ysis of the larvae. Once released, degranulation products such
as MBP serve to increase the adherence of eosinophils and
neutrophils (5).

Based on our data, the immunologic events following treat-
ment of microfilaremia due to W. bancrofti can be thought to
occur in two phases. In the first, there is killing of microfilariae
within hours after administration of DEC, with massive intra-
vascular release of antigen accompanied by clinical symptoms.
Following an initial eosinopenia and upregulation of surface
integrins, perhaps reflective of the adherence of these cells to
dying microfilariae, there is a marked rise in plasma levels of
IL-5 and RANTES that induces the maturation and release of
eosinophils from bone marrow and subsequent migration into
tissues. Of importance, the eosinophil peak was temporally
distant from clinical symptoms, emphasizing the fact that these
cells do not appear to cause clinical reactions in the posttreat-
ment setting. In the second phase of the posttreatment reac-
tion, another peak of surface integrin expression occurs, pre-
ceding migration of newly released eosinophils into the tissues
and clearance of antigen. Although our work and other studies
demonstrate that the decline in microfilarial count occurs over
1 year or more following a single dose of DEC, clinical symp-
toms disappear quickly. This is explained by the fact that after
the initial massive release of antigen, the decline in microfilar-
ial count is gradual, with presumably constant low-level release
of antigen, a process unlikely to be significant in the production
of symptoms. Since eosinophils are involved in acute inflam-
mation and situations in which antigen is released in large

amounts acutely, the ongoing low-level release of antigen fol-
lowing the initial massive release may account for the lack of a
continued eosinophil response. It is likely that eosinophils,
though initially involved in the inflammation following massive
killing of microfilariae, do not play a central role in the sub-
sequent slow decline in parasite count.

In summary, the study of posttreatment eosinophilia in fi-
larial infections provides a physiologic human system in which
to focus, in particular, on sequential events in eosinophil be-
havior and activation. This system allows the kinetics of surface
receptor molecules on eosinophils to be detailed, a dynamic
process that underscores the complex interplay of eosinophil-
active cytokines and chemokines and surface adhesion mole-
cules in eosinophil activation and trafficking in vivo.
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