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BIOCHEMICAL AND IMMUNOLOGIC CHARACTERIZATION OF A MAJOR IgE- 
INDUCING FILARIAL ANTIGEN OF Brugia malayi AND IMPLICATIONS FOR 

THE  PATHOGENESIS  OF  TROPICAL PULMONARY EOSINOPHILIA 

A major  allergen  of the human  filarial  parasite 
Brugia malayi has been  identified  by  two-dimen- 
sional immunoblot analysis  using  a  serum  pool  from 
patients  with  tropical  pulmonary  eosinophilia.  The 
allergen is composed  of  two Ag with Mr 23  and Mr 
25  and  acidic  isoelectric  point  (Bm23-25).  Immu- 
noblots  using  affinity-purified IgE antibodies  to 
BM23-25  indicated  that  Bm23-25 is expressed 
mainly  in  the  microfilarial  stage.  Digestion of the 
allergen  with  endoglycosidases  indicates  that  it  has 
N-linked  oligosaccharide  chains.  Analysis  of  the  re- 
activity of T cells derived  from  patients  with  lym- 
phatic  filariasis  revealed  that  the  Bm23-25  allergen 
was  capable  of  stimulating T cell  proliferation: 
Bm23-25  was also shown to induce IgE production 
in vitro from PBMC derived  from  patients  with  either 
TPE or  other  filarial  symptoms.  Bronchoalveolar 
lavage  fluid  of  patients  with TPE contained IgE an- 
tibodies  that  recognized  Bm23-25  strongly,  an  ob- 
servation  suggesting  that  the  microfilarial  allergen 
might be involved  in  the  pathogenesis  of  the TPE 
syndrome. 

Three  parasitic  filarial nematodes- Wuchererla ban- 
croftt, Brugia  rnalayi, and  Brugia ttrnort-are the  caus- 
ative  agents of lymphatic  filariasis,  a  disease of apprecia- 
ble morbidity prevalent  in  many  tropical and subtropical 
countries. Approximately 90 million people are infected, 
and  an additional 800 million are at risk for infection 
with  filarial parasites (1). The clinical  manifestations of 
lymphatic  filariasis are varied and range  from an  asymp- 
tomatic state, with  or  without  circulating M F , ~  to the more 
classical  clinical  syndromes of filarial  fevers, acute lym- 
phangitis,  lymphadenitis,  elephantiasis,  and hydro- 
cele-to the immunologic hyperresponsive  syndrome of 
TPE (2). TPE is an  unusual  manifestation of filarial  in- 
fection (<1% of those  infected)  characterized  acutely by 
cough,  dyspnea,  nocturnal wheezing, fever, weight loss, 
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and restrictive  defects of pulmonary  function (3-7). It is 
accompanied by high levels of IgE, marked elevations in 
antifilarial  antibodies (IgG and IgE) (4, 5, 8). extreme 
eosinophilia, and a favorable  response to diethylcarb- 
amazine (5, 9, 10). 

High serum levels of  IgE antibodies are a  characteristic 
finding  in  helminth  infections,  both  in  experimental an- 
imals (1 1, 12) and  in  humans (1 3, 14).  a  finding suggest- 
ing profound disregulation in the otherwise tightly regu- 
lated IgE antibody  response. Although most of the IgE 
antibodies reflect nonspecific polyclonal activation of 
IgE-producing B cells (1 5), parasite-specific IgE antibod- 
ies  are markedly elevated, and  they almost  certainly play 
an important role in  the pathogenesis of the TPE syn- 
drome (2, 7, 15). In fact,  analysis of antifilarial  antibody 
localized to the  lung  in TPE (collected by BAL) demon- 
strated  striking  elevations of both  total IgE and  parasite- 
specific IgE (16); however, the lack of defined allergens 
and  the  absence of information  about the  nature of the 
IgE-inducing filarial Ag other than their m.w. (as defined 
by immunoblot analysis)  (1 5- 17) have been obstacles  to 
the  study of parasite-specific immediate hypersensitivity 
responses.  Furthermore,  because  characterization of the 
allergenic signals is of paramount  importance for the 
study of the  mechanisms underlying the regulation of 
allergic responses,  in  the  present study we sought  to 
identify and characterize biochemically and immunolog- 
ically major IgE-inducing Ag of the  human filarial  para- 
site B. rnalayi. 

MATERIALS  AND  METHODS 

Ag.  B. rnalayl filarial parasites.  maintained  in  jirds (Merlones 

removed from the peritoneal cavities of infected jirds.  and a soluble 
ungulculatus). were the  source of Ag. B. rnalayl adult worms  were 

The infective larvae (L3) were  obtained by dissection of Aedes  ae- 
antigenic  extract  was prepared  from adult worms as described (18). 

gyptl 12  to 14 days  after  the mosquitoes had been fed on microfilar- 
emic jirds. MF were harvested  from  the peritoneal  cavities of infected 
jirds,  and  contaminating  host cells  were removed by differential 
centrifugation on Ficoll-Hypaque (19, 20). 

Patlent populatlon. All individuals ( n  = 8) with  acute TPE were 
residents  either of Madras,  India, as described in detail previously 
(6.21). or of Recife, Brazil. All individuals  met the  criteria  for having 
TPE (3). North Americans  with no relevant travel history or known 
exposure to  human filarial parasites were used as controls. 

Collectton of BALfIuld. Bronchoscopy with BAL was performed 
under local anesthesia, without  complications, in  the  outpatient 
facility of the Tuberculosis  Research Center, Madras, India, as pre- 
viously described (6.  22). Lavage fluid was collected and  separated 
from  the cellular components by centrifugation at  400 x g and 
analyzed as described previously (23,  24). 

Measurement of total andfllarlal-speclfic  and IgE antibodies. 
Patient  sera were  preadsorbed  with  protein G coupled to  Sepharose 
(Pharmacia  Fine Chemicals,  Piscataway, NJ)  and used at  a final 
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dilution of 1/5. Total and specific antifilarial IgE were measured by 
ELISA as already described (25). 

Qualitative analysis of E. malayi  proteins by SDS-PAGE and 

PAGE using a method modified from Laemmli (26).  in  12.5% or 
immunoblotting. Solubilized B. malayi Ag were separated by SDS- 

13.5% homogeneous gels or in 10 to  20%  gradient mini-gels (Daiichi 
Pure Chemical, Tokyo, Japan). Ag were transferred  to NCP as de- 

Richmond, CA) at 150 mAmp for  16 h at  4°C. and processed (14, 
scribed by Towbin (27)  using a Trans-blot cell (Bio-Rad Laboratories. 

lmmunoblot analysis of SDS-PAGE or 2-DGE was performed using 
a pool of serum from five patients  with TPE that  had been individ- 
ually preadsorbed  with  protein G (28).  The blotted B. malayi Ag were 

buffer  containing 50 mM  Tris-HC1.  pH 8.0. 150 mM  NaC1, 0.3% 
incubated with a 1/60 dilution of the TPE serum pool diluted  in  a 

Tween 20,  0.05%  Triton X-100, and  0.5% BSA. After a n  overnight 
incubation,  the blots  were washed  and  incubated for  1  h a t  room 
temperature  with a anti-human IgE mAb (7.12; kindly provided by 
Dr. Andrew Saxon, UCLA.  Los Angeles, CA). The NCP was  again 
washed,  incubated  for an additional hour in alkaline  phosphatase- 
conjugated goat anti-mouse 1gG (Jackson  Immunoresearch, Avon- 
dale. PA). and developed using a bromchloroindophenyl/nitroblue 
tetrizolium substrate (Kirkegaard and Perry, Gaithersburg. MD). 

Before study of the IgE antibodies in the BAL fluid, the fluid was 
concentrated l O O X  and IgG antibodies were adsorbed by incubation 
with protein G (28).  This  concentrated  and adsorbed BAL fluid was 
then used  in  Western  blots to detect IgE antibodies as described 
above. 

ance, CA) calibrated  with a densitometric  step  tablet (Kodak. Roch- 
Immunoblots  were scanned with a 6002s  scanner (Microtek, Torr- 

ester, NY) and analyzed using Image (version  1.43). 
2-DGE. IEF separation  was performed in  the model 175  chamber 

(Bio-Rad): the  Protean I1 chamber (Bio-Rad) was employed for SDS- 
PAGE. Power was supplied with a model 3000/300xi (Bio-Rad) for 
IEF separation. 

Reagents were  from the following sources: acrylamide  methylen- 
bisacrylamide. tetramethylendlamine,  ammonium  persulfate,  and 

Cleveland, OH: urea  and dithiothreitol  from BRL, Bethesda. MD; 
SDS from Bio-Rad:  Tris-HC1 and glycine from ICN Biomedicals, 

cholamido propyldimethylhydroxy protansulfonate from Calbi- 
ochem. La Jolla, CA; ampholytes 3.5-10, 5-8, and 9-1 1  from Phar- 
macia-LKB, Bromma, Sweden. 

2-DGE was performed as described by O'Farell(29)  and modified 
by Duncan  and Hershey (30)  and  Hoffstrasser  et  al.  (31)  using gels 
with 12.5%  acrylamide.  Soluble  PBS-extracts of adult B. malayi 
parasites were treated  with 20 pdml DNase 1 and  20 pg/ml pan- 
creatic RNase (Sigma)  for  1  h a t  rt ,  lyophylized, and mixed with  lysis 
buffer as described (29). Prefocusing was  carried  out by increasing 
the voltage every 15 min typically starting a t  80 V (20 V increase) 
up  to  220 V. IEF gels  were run  at a constant 700 V for  a  total of 
12.000 Vh. The  cathodic  buffer  was 50 mM  NaOH: the anodic buffer, 
25 mM H3P04. Isoelectric gels  were  stored a t  -70°C or loaded after 
equilibration onto SDS-PAGE gels. 

Electrophoresis  and  electroelution of Bm23-25 fraction. E. ma- 
layi filarial Ag was  separated on a preparative  12.5% SDS-PAGE  gel 
under reducing  conditions. A lane  containing  prestained m.w. mark- 
ers  was used as a reference  to localize the  appropriate  fraction on 
a n  unstained gel. The region of interest  was  cut  and neutralized  in 
Tris-buffer (50 mM Tris-C1, pH 7.5,  150 mM NaCI, 0.1% NaN3) until 
a pH  of 7.5  was reached and electroeluted using a n  inner  chamber 
buffer of 10 mM Tris-acetate. pH 8.6, 1 mM EDTA, and 0.1% SDS. 
and  an outer  chamber  buffer of 40 mM Tris-acetate, pH 8.6. Elec- 
troelution was  at 4°C for 4 to 5 h at a power setting of 3 W. The 
effluents were pooled from three consecutive elutions  and dialyzed 
overnight  in Tris  buffer, pH 7.6,  using dialysis tubing with a 10-kDa 
exclusion. 

were  determined using a commercially available kit employing bicin- 
Estimation of protein  concentrations. Protein concentrations 

choninic acid (Pierce Chemical Co.. Rockford, IL). 
Anion exchange  chromatography. An amberlite CG-400, (Sigma 

Chemical Co.. St. Louis, MO) anion-exchange  resin (100 to  200 
mesh), obtained in  the chloride form,  was regenerated by sequential 
washing with  7 N NaOH, water, 1 N HCl. water: it was equilibrated 
with 50 mM Tris-HCl. pH 7.6, containing  150 mM NaCl 0.1% NaN3. 
One milliliter of resin  was poured into  each of several  mini-columns, 
and  the electroeluted  Bm23-25 fraction  was mixed with 1 ml of Tris 
buffer,  run over the column and  fractions collected. The  fractions 
were concentrated  using a Centricon  filter  (Amicon), and  the protein 
concentration  was  measured. 

Endoglycosidase  digestion of Bm23-25. The enzyme N-glycan- 
ase (Genzyme, Boston, MA) was used at  concentrations  ranging from 
1 to 10 Uml" after  the protein samples were preheated for 3 min at  
100°C in  1% SDS and 1% 2-ME. The  samples were  diluted 1/4  with 

15). 

MAJOR FILARIAL  ALLERGEN 

digestion buffer  (200 mM sodium phosphate, pH 8.6,  10 mM 1. 10 
phenanthroline (Sigma) and  1.25% Nonidet P-40 (Sigma)) and di- 
gested for 24 h at  37°C. They were then concentrated and loaded on 
a 10 to 20% SDS-PAGE gel. 

Affinity  purffication of anti-Bm23-25 IgE antibodies. One 
hundred micrograms of the electroeluted  filarial proteins were di- 
alyzed against  0.1 M morpholinopropanesulfonic acid, pH 7.5,  80 
mM CaCl and coupled to 0.5 ml of Affi-Gel 10 (Bio-Rad), following 

found  to be 89%.  The Affi-Gel 10  containing  the electroeluted protein 
the  manufacturer's instructions.  The efficiency of coupling was 

was  incubated with a serum pool previously depleted of  IgG antibod- 
ies  (protein G. Pharmacia) from patients  with TPE. After several 
washes in PBS. anti-23-25 antibody  (including IgE antibodies)  were 
eluted by the addition of 0.1 M glycine-HC1.  pH 2.8. 150 mM  NaCl 
and neutralized with 0.1 N NaOH. The  fractions were pooled, and 
BSA was added to  make  up  0.5%  final  concentrations. 
T cell Western blot with  the  isolated Bm 23-25. PBMC were 

collected from heparinized blood by sedimentation on  a Ficoll-dia- 
troazate  gradient (Organon Technika.  Durham, NC) at  400 x g for 
40  min  at 20°C. Cells at  the  interface were collected and washed 
three  times  in RPMl 1640 (Biofluids. Rockville. MD). and viable cells 
were counted by trypan blue  exclusion. The Bm23-25 allergens 
were localized after immunoblotting and Ponceau S staining.  The 
NCP-Bm23-25 strips  (4 mm X 2  mm) and NCP (with no Ag) were 
incubated in  duplicate  with  1 x lo5 cells in a microtiter  plate in 
RPMI 1640 supplemented with  gentamicin 80 &ml. 25 mM HEPES. 
and 10% AB-serum (C-RPMI). The cells were  incubated  for 5 days 
and  then pulsed with 1 pCi  of [3H]TdR for  6  h and  harvested as 
described (21). 

Culture  conditionsfor tn vitro antibody  production. PBMC were 
resuspended  in complete Iscove's modified Dulbecco's medium sup- 
plemented  with human  transferrin, bovine insulin. BSA. palmitic 
acid,  and linoleic acid (UBI, Lake  Placid, NY) and FCS.  PBMC were 
placed in  flat bottomed wells at a concentration of 1 x 1O6/ml. To 
these  cultures were added media alone, cycloheximide (100 pg/ml). 
a fraction electroeluted from a SDS-PAGE with no protein, B. malayt 
total adult  extract,  and a fraction  containing  the electroeluted 
Bm23-25 fraction. All cultures were incubated at  37°C in 5% C02 
for 14 days  after which the  supernatants were harvested  and as- 
sayed. 

RESULTS 

Identification of the major IgE-inducing Ag from B. 
rnalayi recognized by patients with TPE. 2-DGE was 
used to analyze the complex B. rnalayi-soluble protein 
extract. The optimized 2-DGE  for B. rnalayf adult  extract 
is shown in Figure 1A. Two dimensional gels of B. rnalayi 
proteins demonstrated 150 to 250 spots ranging  in  mo- 
lecular mass from 200 to 10 kDa, and ranging  in PI from 
4.05 to 7.20. Western  blot analysis of 2-DGE using a pool 
of sera from five patients with TPE revealed  more than 
60 Ag that bound IgE.  Upon visual comparison, an Ag of 
approximately 23 to 25 kDa and with an estimated PI of 
5.50 to 5.75 was especially prominent in its IgE-binding 
capacity (Fig. 1B). Western  blot analysis of individual 
sera from TPE patients revealed that also all (8 of 8) 
recognized this allergen (data not shown). Sera pooled 
from  normal individuals with no known history of para- 
sitic or lung diseases showed no recognition by  IgE  of any 
of the filarial parasite proteins (Fig. IC). 

There  were several proteins with similar PI in the area 
of intense IgE-binding of approximately 23 to 25 kDa. TO 
identify more precisely the molecules responsible for this 
allergenic activity, SDS-PAGE gels of different polyacryl- 
amide concentration were run. After transfer of the pro- 
teins to NCP, parallel  Ponceau S staining to  localize the 
proteins and immunolocalization of the allergen  were 
performed. Using a 14% homogeneous gel,  the 23- to 25- 
kDa B. rnalayi allergen was identified as two discrete Ag 
(Fig. 2) with minimally different M, as assessed by den- 
sitometry (Bm23: 3060 f 105 U; Bm25: 2132 * 5 U). Of 
interest is the finding that Bm23-25 appears to  be only 
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FLgure 1 .  A. Coomassle blue stalned 2-DGE  of B. malayf adult worm 
extract.  The filarial  protelns  were treated wlth 20 d m 1  DNase]. and  20 
d m 1  pancreatlc RNase. Samples  contalnlng  190 @ proteln  were lyophy- 

8-mercaptoethanol and analyzed by  2-DGE. B. 2-DGE lmmunoblot analy- 
llzed and were  made up to 9.5 M urea,  2% NP-40.2% ampholines  and 5% 

sls of IgE-blnding B. rnalayl Ag recognized by a serum p o o l  of patients 
wlth TPE. Arrows lndlcate the pcsltlon of the  maln low  m.w. allergen 
Bm23-25. C. negatlve  control 2-DGE lmmunoblot uslng a serum p o o l  
from  normal  lndlvlduals. D. Coomassle blue stalnlng of SDS-PAGE-sep- 
arated B. malayf total  protelns. and  the electroeluted fraction contalnlng 
Bm23-25. Thlrty mlcrograms of total  fllarlal extract  (lane I )  and 3 pg of 
the electroeluted fractlon Bm23-25 (lane 2) were loaded on a 10 to 20% 
mlnl-gel. Numbers at  the left of the gel lndlcate m.w. standards.  Letters 
on  A and B lndlcate antlgenlc ldentlty. 

KDa 
200- 

97 - 

69- 

46- 

30- 
+Bm 23-25 

21.5- 

14- 

separated on a 14% SDS-PAGE were transferred to nltrocellulose and 
Figure 2. Identlflcatlon of Bm23-25 as a doublet. B. malayf protelns 

then  stalned wlth  Ponceau S (leJt lane) or tncubated  wlth a serum p o o l  
from patlents wlth TPE (rfght  lane).  Arrows lndlcate the posltlon of 
Bm23-25. 

a minor  component of the total B. rnalayi protein extract 
(compare Fig. 2 left lane with right lane). 

Afftnity-purification of anti-Brn23-25 IgE antibodies 
and  stage-specificity of its expression. Because of the 
very limited amounts of Bm23-25 allergen  present  in the 
total  parasite  extract,  selective  enrichment (from 480 pg 
of total  parasite  extract)  was performed by electroelution 
of proteins from gel slices  containing Bm23-25 (Fig. lD, 
lane 2) .  The Bm23-25 fraction  was freed of SDS by 

anion-exchange  chromatography and  was subsequently 
coupled to Affi-Gel 10. The coupled Bm23-25 was used 
to  affinity-purify IgE antibodies from a  serum pool taken 
from patients with TPE. To identify the  parasite stage 
specificity of the Bm23-25 allergens, protein extracts 
from the different  stages  in the life cycle of the filarial 
parasite were analyzed using  the previously affinity-pu- 
rified anti-Bm23-25 IgE antibodies (Fig. 3). A s  seen, 
Bm23-25 affinity-purified IgE antibodies  reacted  with 
Ag in the extracts of adult  worms  (lane 5). male worms 
(lane 6). and predominantly the microfilarial extract 
(lane 7) .  In addition, an  allergen with an apparent M, of 
47 was uniquely recognized  by the IgE antibodies in the 
adult  extract and not in the  other  stages (lane 5).  

Biochemical  evidence of glycosylation of the Brn23- 
25 allergen. To examine the possibility that  the Bm23- 
25 IgE-inducing Ag of B. rnalayi might be glycosylated 
and, at the  same time,  to  evaluate the contribution of the 
carbohydrate moieties to the allergenicity of the molecule, 
enzymatic deglycosylation using  the enzyme peptide N- 
glycosidase F and  subsequent immunoblot analysis  was 
performed using  affinity-purified IgE antibodies. Figure 
3B shows that N-glycanase cleaves oligosaccharides from 
the  23- to 25-kDa B. rnalayi allergen leaving a peptide 
backbone of 22-kDa (lanes 3 and 4) .  No m.w. shift  was 
observed in the control (lane 2). Moreover, the ability of 
IgE to bind to  both the glycosylated and deglycosylated 
forms of Bm23-25 indicates that  the IgE-inducing epi- 
topes of these Ag reside in the protein domain,  although 
0-linked  carbohydrates  have  not been formally evalu- 
ated. 

Western blot analysis of the Brn23-25 fraction rec- 
ognized  by  antibodies in the  BALfluid. To examine the 
presence of  IgE antibody directed against Bm23-25 lo- 
calized in  the lung  in  patients  with TPE. the electroeluted 
filarial Ag fraction  containing Bm23-25 was resolved 
using SDS-PAGE, transferred to NCP. and probed with 
BAL fluid from three  patients  with  acute TPE and  three 
normal  control individuals. In each of the  three  patients 
with acute TPE. the immunoblot analysis revealed the 
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Ffgure 3. A, stage-speciflc  expresslon of Bm23-25. Resolved by SDS- 
PAGE on a 10 to 20%  minigel  stained with Coomassie blue are proteln 
extracts from 1) adult  male and MF-producing female worms (30 pg). 2) 

Western blot analyses of a slmllar gel uslng  afflnlty-purlfled IgE antibod- 
male worms (30 pg). 3) MF 20 (pg). and  4) L 3  (30 pg). Lanes 5 to 8 show 

les and  demonstrate  the expresslon of Bm23-25 in the total worm extract 
(lane 5). In the male (lane 6). and in the MF extracts  (lane 7). B. analysis 
of the cleavage of ollgosaccharlde slde chains from the lsolated Bm23-25 
by peptlde N-glycosldase F (N-glycanase): track 1 .  3 @ Isolated Bm23- 

dlgestlon products were separated on a 10% to 20% mlnl-gel. transferred 
25: track 2. no enzyme: track 3. 1 mU ml": track 4. 10 mU ml". The 

antlbodles. 
to nltrocellulose. and probed wlth  afflnlty-purified  antl-Bm23-25 IgE 
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presence of  IgE antibodies  directed  against  the  filarial 
Bm23-25 Ag (Fig. 4. lanes I ,  2. and 3). Lung lavage fluid 
from three control  individuals  had no  antibodies directed 
against  the isolated filarial Ag (lanes 4. 5. and 6). 

Proltferatiue  responses of PBMC to  electrophoreti- 
cally  separated, NC-bound  Brn23-25  Ag. The lympho- 
cyte-proliferative responses of  PBMC from two patients 
to NCP-bound Bm23-25 are shown in Figure 5. Lympho- 
cytes from the  patients  had a strong proliferative re- 
sponse to NCP-bound Bm23-25 Ag. Lymphocytes from 
normal  donors showed no  significant  response to the 
NCP-bound Bm23-25 Ag. 

In vitro IgE induction by  the  isolated  Brn23-25  Ag. 
To analyze  the capacity of the isolated Bm23-25 allergen 
to  induce IgE production,  in vitro responses of  PBMC 
from two representative  patients and from two normal 
controls  (Table I) to  a wide concentration  range of Bm23- 
25 were assessed. A s  seen,  the purified Bm23-25 in- 
duced IgE production in vitro in both of the  patients,  but 
in  neither of the controls. Maximal Ag-specific IgE induc- 
tion was observed at  0.1 pg/ml of Bm23-25 for both 
patients.  Interestingly, the  amount of  IgE induced by 
Bm23-25 exceeded that induced by soluble crude  para- 
site  extract. 

1 2 3 4 5  6 
200- 

92- 
69- 

46- 

30- 
Bm23-25 - 

21 - 
14- 

Immunoblot analysis  using BAL flutd  from three patients with acute TPE 
Figure 4. Recognttion  of Bm23-25 by  IgE antibodies in the BAL fluid. 

(lanes 1 .  2. and 3) and three normal individuals (lanes 4. 5. and 6). 
Arrow indicates the detection of the main E. rnalayf allergen Bm23-25 
by antibodies present in the lung epithelial lining fluid. 
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CULTURE CONDITION 

Figure 5. Analysis of allergen-specific T cell-proliferative responses 
by NCP-immobilized Bm23-25 of  PBMC from individuals with lymphatic 
filariasis (closed circles) or normal individuals [open  circles). 

TABLE I 
Brn23-25 specvlcally induces IgE synthesfs fn uftro" 

IgE Productlon [pghnl) In Vitro In Response to 

Medla + ronlrolb Cyrlohexlmlde HmA Rm23-25 
elerlrorluted Ag (100 rumll (0.1 nR/rnl) (0.1 pe/ml) 

Normal <50  <50  <50  (50 
Normal 
TPE 

<50  <50  <50  <50 
2800 <50  3096  3229 

Lymphatic 72 1 <50  947  1172 
Filariasis 
PBMC were  cultured  for 14 days at 1 X 1 06/ml in the presence of 

media (not shown). media + control-electroeluted Ag. cycloheximide. 
BmA. and electroeluted Bm23-25. 

Did not differ from  media alone. 

DISCUSSION 

Although enhanced IgE antibody production is a char- 
acteristic  feature of helminth  infections, the exact role 
of this IgE in the host  response to these  parasites  remains 
uncertain  (32). Some studies  have implicated IgE as  a 
mediator of protective immunity to helminth  infections 
(33-37)  (particularly  nematode  parasites of the  gut) (33- 
35). but  others  have implicated it in a more pathogenic 
role (33). Whatever its role, the  particular  nature of the 
parasitic Ag that induce IgE responses is also largely 
undefined,  despite the extensive work of several  groups 
to  characterize  and partially purify a  number of nema- 
tode allergens. Among the most well characterized of 
these allergens are those from Ascaris  spp. (reviewed in 
References 39 and 40). especially the 25-kDa allergen 
(ABA-1) from Ascaris suurn and Ascaris lurnbricoides 
(41,  42);  the  12- to 17-kDa adult worm glycoprotein and 
the excretory/secretory products from Nippostrongylus 
brasiliensis (43-45);  and  the egg and adult worm aller- 
gens from Schistosoma rnansoni (46,  47). 

Lymphatic filariasis  offers  a  convenient model for 
studying the  nature of nematode  allergens  because  many 
of the basic features of the  human IgE response to these 
parasites  have  already been defined. For example, quan- 
titative and qualitative  analyses of  IgE responses in pa- 
tients  with both lymphatic  filariasis  and TPE have been 
previously detailed. (48,  49)  and frequency profile analy- 
sis of the Ag recognized by  IgE antibodies  have identified 
the proteins of  low molecular mass as being the major 
IgE-inducing Ag (49,  50) (although these  same Ag may 
also  induce  a "parallel" IgG4 response) (50). 

In the present  study, we have extended these  analyses 
by examining the IgE responses of patients  with TPE to 
filarial B. rnalayi proteins  separated by  2-DGE and iden- 
tified an Ag with acidic PI of 5.50 to 5.75 and with an 
apparent M, of 23 to 25 kDa (Bm23-25) as being one of 
the most prominent  components. 

The  stage specificity of the Bm23-25 allergen is impor- 
tant because the pathologic consequences of filarial  in- 
fection (lymphatic  filariasis) may derive either from im- 
mune  responses to the  adult worm Ag or from immune 
responses directed against  the MF (51) as  proposed for 
TPE. Indeed, affinity-purified  anti-Bm23-25 IgE antibod- 
ies revealed that Bm23-25 was detected especially prom- 
inently in the MF (Fig. 3). with comparatively low levels 
of reactivity being found in extracts from both the mixed 
adult  worms  (which  also  contained MF in the fecund 
females) and  the male worms. The  finding, however, that 
this Ag of B. rnalayi was so prominently  expressed in MF 
is important  because TPE is characterized by immuno- 
logic hyperresponsiveness to this stage of the parasite. 
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Furthermore,  because  patients  with TPE essentially 
never  have MF in  the peripheral blood. this syndrome 
likely reflects  first  pass  microfilarial  clearance in the 
lung. Although the clearance could be mediated by IgG 
antibodies,  the  asthma-like  symptoms  seen  in TPE sug- 
gest that specific  anti-microfilarial IgE antibodies are 
responsible  for  mediating the  mast cell activation  known 
to  occur  in this syndrome (7). 

Stage-specific  expression of carbohydrate moieties on 
the  sheathed  surface of  MF has previously been reported 
(52). and  these  carbohydrate side chains  are thought to 
contribute  to the parasite's overall antigenicity (53). The 
Bm23-25 allergen was  shown  to  be glycosylated, and 
glycosylation may very well account  for  the heterogenic- 
ity in  the observed m.w. More important, however, is  the 
finding that  the deglycosylated peptide backbone of 
Bm23-25 retained the IgE-binding capacity,  i.e., the al- 
lergenicity of the molecule was  protein,  not  carbohydrate, 
based. 

The Bm23-25 was  shown  to  cause IgE production in 
vitro by  PBMC obtained  from patients both  with TPE and 
those  with  other  forms of lymphatic  filariasis  and ele- 
vated IgE. Peak induction  increased over the  spontaneous 
in vitro IgE production at Bm23-25 concentration of 0.1 
pg/ml, a  concentration 1000-fold lower than  that neces- 
sary to  induce IgE using  crude  parasite  extract.  This 
finding  suggests that, despite  the marked complexity of 
the crude  parasite  extract, only a limited number of Ag 
are actually required for IgE induction. 

The potentiating  effect of helminth  infection for the 
IgE isotype has been shown  to be T cell-dependent both 
in  animal model systems  (54)  and  in  humans (55). Fur- 
thermore,  extensive  studies  have  recently  demonstrated 
that  the cytokine IL-4 is a critical stimulus for the devel- 
opment of both human  and  animal IgE responses (56- 
58). That Bm23-25-induced specific lymphocyte prolif- 
eration  indicates that T cells can be sensitized  to these 
Ag, but  perhaps even more importantly,  preliminary 
analysis of cytokine production in vitro indicates the 
generation of IL-4 after Bm23-25 stimulation  (data  not 
shown).  These  results  are  in  agreement  with  the previous 
demonstration that parasite-specific Ag-stimulated IgE 
production in  patients  with  filariasis is mediated by  IL-4 
and down-regulated by  IFN-7 (59). 

Not only do the Bm23-25 allergens act systemically on 
PBMC, but it is clear that they  also are involved in local 
immune  responses  in the lungs of patients  with TPE. 
Indeed, anti-Bm23-25  antibodies of the IgE isotype were 
readily identified in BAL fluid from such  patients.  These 
results corroborate previous findings  indicating that BAL 
fluid antibodies recognize distinct  subsets of filarial Ag 
(16).  Furthermore, the identification of Bm23-25 as  an 
Ag predominantly in MF lends  support  to  the hypothesis 
that  there is compartmentalization of such antibodies at 
sites where pathology is occurring. 

The identification of parasite-specific IgE in  the  lung 
may also  have  implications  for  understanding the pa- 
thology of the TPE syndrome. IgE is known to mediate 
immediate  hypersensitivity  reactions  through its  inter- 
action  with the high affinity  receptor  on  mast cells (60). 
Furthermore, the release of preformed or newly synthe- 
sized mediators by activated cells causes  the  recruitment 
and activation of inflammatory cells such as eosinophils 
(61,  62)  that may further  enhance  the effector function 

of such cells (63). The release of vasoactive mediators 
from these cells is believed to  cause some of the  changes 
seen in TPE. As there is a massive  recruitment of eosin- 
ophils  to the  lung  in TPE, much of the  short  and long 
term  damage observed in  the lower respiratory tract is 
felt  to be related as eosinophil-dependant  inflammatory 
processes (64, 65). 

Although the  present  study  was limited by the finding 
that a major IgE-inducing Ag of B. malayi in  patients 
with TPE is a minor component of total  filarial  parasite 
extract, we have clearly identified and characterized  a 
filarial allergen capable of not only binding IgE but  also 
of potentiating  in vitro IgE responses. Molecular cloning 
of Bm23-25 should provide sufficient  material  to  study 
further  its role in MF-induced pulmonary eosinophilia 
both in the TPE syndrome and in the previously described 
relevant  animal models (66,67); similarly, with  increased 
supplies of the Ag, its potential role in IgE-mediated 
protective immune  response can also be explored. 

Acknowledgments. The  authors wish to thank Ms. 
Sheryl  Rathke and  the National Institute of Allergy and 
Infectious Diseases, National Institutes of Health editorial 
staff for help in preparing this  manuscript. 

REFERENCES 

1 

2 

3 

4 

5.  

6 .  

7. 

8. 

9. 

10. 

1 1 .  

12. 

13. 

14. 

15. 

16. 

17. 

18. 

World H e a l t h  Organization. 1984.  Lymphatfc  filariasis. Fourth 
Report of the WHO Expert Committee on Filariasis,  Geneva. WHO 

Ottesen. E. A. 1980. Immunopathology of lymphatic filariasis In 
Tech.  Rep. Ser. 702. 

man.  Sprlnger  Semin.  Immunopathol.  2:273. 
Neva, F. A., and E. A. Ottesen. 1978. Tropical (filarial) eosinophilia. 
N. Eng, J. Med. I9:lOl. 
Udwadia, F. E. 1975. Tropical eosinophilia. In Pulmonary Eosino- 
phllia:  Progress In Resplratton  Research. Val. 7. Karger. Basel. pp. 
35-1 55. 
Spry, C. J. F., and V. Kumaraswami. 1982. Tropical eosinophilia. 

Pinkston. P.. V. K. Vijayan,  T. B. Nutman. W. N. Rom.  K. M. 
Semln.  Hematol.  19:IOl. 

O'Donell. M. J. Cornelius, V. Kumarswami, V. J. Ferrans.  T.  Tak- 
emura, G. Yenokida, K. V. Thiruvengadam, S .  P. Tripathy. E. A. 
Ottesen.  and R. G. Crystal.  1987. Characterization of the lower 

Invest. 80:216. 
respiratory tract inflammation  and  its  response  to  therapy. J .  Clin. 

Ottesen. E. A.. F. A. Neva, R. S. Paranjape. S. P. Tripathy, K. V. 
Thriuvengadam,  and M. A. Beaven. 1979.  Specific allergic sensiti- 
zation  to filarial antigens In tropical eosinophilia  syndrome.  Lancet 
1:1158. 
F'iessens,  W., and C. D. MacKenzie. 1982. Immunology of lymphatic 

S. G. Cohen, K .  S. Warren. eds. Blackwell Scientific Publication. St. 
filariasis  and onchocerciasis. In Immunology  ofParasltic Infections. 

Kamat. S. R.. N. V. U. Warrier, S. D. Store, K. N. Krandi. E. D. Kar, 
and V. R. Hoskote. 1976. Clinical studies  in pulmonary eosinophilia. 
I .  Comparative study of response to diethylcarbamazine and cortico- 
steroid drugs.  Indian J .  Chest. Dis. Allied Scl. 18:221. 
Poh, S. C. 1974.  The  course of lung  function In treated tropical 
pulmonary eosinophilia.  Thorax  29:710. 
Ogilvie. B. M. 1964. Reagin-like antibodies in animals  immune  to 
helminth  parasites.  Nature 204:91. 
Jarrett, E. E. E., and D. C. Stewart. 1972. Potentiation of rat reaginic 
IgE antibody by  helminth  infection.  Immunology  23:749. 
Ogilvie. B. M., and V. E. Jones. 1969. Reaginic antibodies in hel- 
minthic  infections. In Cellular and Humoral  Mechanisms in Ana- 

Kojima. S.. M. Yokagaiva. and T.  Tada. 197 l .  Raised levels  of  serum 
phylaxfs  and Allergy. Karger. Basel.  p. 13. 

IgE In human  helminthiasis. Am. J. Trop. Med. Hyg. 21:913. 
Hussain. R.. R. G. Hamilton, V. Kumaraswami. N. F. Adkinson. Jr.. 
and E. A. Ottesen. 198 1 .  IgE responses I n  human  filariasis. 1. Quan- 

Nutman, T. B.. V. K. Vijayan, P. Pinkston, V. Kumaraswami. C. 
titation of filaria-specific IgE. J. Imrnunol. 127:1623. 

Steel, R. G. Crystal. and E. A. Ottesen. 1989. Tropical pulmonary 
eosinophilia:  analysis of antifilarial antibody localized to  the lung. J .  
Infect. Dis. 160: 1042. 
Hussain. R., and E. A. Ottesen. 1983. lgE responses  in  human 

Irnmunol. 131:1516. 
filariasis. 11. Qualitative characterization of filaria-specific IgE. J. 

McCall, J. W., J. B. Malone, H. Ah, and P. E. Thompson. 1983. 

LOUIS. pp. 622-653. 



3034 CHARACTERIZATION OF A MAJOR FILARIAL ALLERGEN 

19 

20 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

Mongolian jirds (Merlones ungulculatus) infected  with Brugla ma- 
layf by the  intraperitoneal route: a rich source of developing larvae, 
adult filariae and microfilariae. J .  Parasltol. 31:297. 
Weller, P. F.. E. A. Ottesen, L. Heck, and F.  A. Neva. 1982. Endemic 
filariasis  in  the Pacific. I. Clinical. epidemiologic and parasitologic 

Kaushal, N. A.,  R. Hussain, T.  E. Nash. and E.  A. Ottesen. 1982. 
aspects. Am. J .  Trop. Med. Hyg. 31~942. 

Identification and characterization of excretory-secretory  products 

Nutman. T. B.,  A. S. Withers, and E.  A. Ottesen.  1985. In vitro 
of Brugla malayf adult filarial parasites. J .  Immunol. 129:338. 

parasite antigen-induced  antibody  responses in human  helminth 

Hunninghake, G.  W., J. E. Gadek. 0. Kawanami, V. J. Ferrans.  and 
infections. J.  Immunol. 1352794. 

R.  G. Crystal. 1979.  Inflammatory and  immune processes in  the 
human  lung  in  health  and disease:  evaluation by bronchoalveolar 
lavage. Am. J .  Pathol. 97:149. 
Saltini, C.,  A. J. Hance, V. J. Ferrans, F. Basset, P. B. Bitterman, 
and R. G. Crystal.  1984. Accurate  quantification of cells recovered 
by bronchoalveolar lavage. Am.  Rev. Respfr. Dls. 130:650. 
Rennard, S. I., G. Bassett, D. b o s s i e r ,  K. M. O'Donell, P. G. Martin, 
and R. G. Crystal.  1986. Estimation of volume of epithelial  lining 
fluid recovered by lavage using  urea as a marker of dilution. J. Appl. 

Klion. A.  D.,  A. Massougbodji, B-L. Sadeler. E.  A. Ottesen,  and T. 
Physfol. 60:532. 

B. Nutman.  1991. Loiasis in endemir and non-endemic  populations: 

Infect. Dis. 163:1318. 
immunologically mediated differences in clinical presentation. J. 

Laemmli, U. K. 1970. Cleavage of structural proteins  during the 
assembly of the head of bacteriophage  T4. Nature 227:680. 
Towbin. H., T. Stachelin. and J. Gordon. 1979. Electrophoretic 
transfer of proteins from polyacrylamidegels  to nitrocellulose sheets: 
procedure and some  applications. Proc. Natl. Acad.  Sci. USA 
76:4350. 
Steel, C.,  R. J. Limberger, L. A. McReynolds, E. A. Ottesen.  and T. 
B. Nutman. 1990. Isotypic analysis  and epitope mapping of filarial 
paramyosin in  patients with  onchocerciasis. J .  Immunol. 145391 7. 
O'Farrell. P. 1975. High resolution two-dimensional  electrophoresis 

Duncan, R., and J. B. Hershey. 1984. Evaluation of isoelectric 
of proteins. J .  Bioi. Chem. 250:4007. 

focusing running conditions during two-dimensional isoelectric fo- 
cusing/sodium dcdecyl sulfate-polyacrylamide gel electrophoresis: 
variation of gel pattern with  changing  conditions and optimized 
isoelectric focusing  conditions.  Anal.  Biochem. 138:144. 
Hochstrasser, D.  F.. M. G. Harrington, A.  C. Hochstrasser. M. J. 
Miller. and C.  R. Merrill. 1988. Methods for  increasing the resolution 
of two-dimensional  protein  electrophoresis. Anal. Blochem. 

Nutman, T. B., R. Hussain, and E.  A. Ottesen. 1984. IgE production 
173:424. 

asitic infections. Clln. Exp. Immunol. 58:174. 
in vitro by peripheral blood mononuclear  cells of patients with par- 

Dessein, A. J., W.  L. Parker, s. L. James,  and J. R. Davis. 1981. 

the IgE antibody response in  rats  diminishes  the  resistance  and  the 
IgE antibody and  resistance  to infection. 1. Selective suppression of 

eosinophil  response  to Trlchlnella  splralls infection. J .  Exp. Med. 

Durham, C.  P..  K. D. Murell, and C. M. Lee. 1984. Trichfnella 
153:423. 

splralfs immunization of rats with an  antigen fraction  enriched for 
allergenicity. Exp. Parasltol. 57:297. 
Ahmad. A.,  C.  H. Wang, and R. Bell. 1991. Expression of rapid 
expulslon of Trfchlnella  spfralls  in  rats  transfused with IgE and 
thoraclc  duct lymphocytes. J .  Immunol. 146~3563. 
Capron, A.. J. M. Dessaint, M. Capron.  and H. Bazin. 1975. Specific 
IgE antibodies in immune  adherence of normal  macrophages  to 
Schlstosoma mansoni. Nature  255474. 
Joseph, M.. A. Capron, A. Butterworth, R.  F. Sturrock,  and V. 
Houba. 1978. In vitro cytotoxicity of human  and baboon mononu- 
clear phagocytes induced by IgE immune complexes. Clfn .  Exp. 
Immunol. 33~48. 
Coles, G.  C. 1985. Allergy and immunopathology of ascariasls. In 
Ascariasis  and fts Public  Health  Sfgntflcance. D. W. T. Crompton, 
M. C. Nesheim. and Z. S .  Pawloski. eds. Taylor and  Francis. London, 

Hussain, R..  G. Strejan. and D.  H. Campbell. 1972. Hypersensitivity 
to Ascarls allergens. VII. Isolation and partial  characterization of an  
allergen. J .  Immunol. 109:638. 
Ambler, J.. J. E. Doe, D.  K. Gemmell. J. A. Roberts,  and T. S. C. 
Orr. 1972. Biological techniques for studying  the allergenic compo- 

McGibbon. A. M., J. F. Christie, M. W. Kennedy,  and T.  D.  G. Lee. 
nents  in  Ascarls suum extracts. J .  Immunol. Methods 1:317. 

to homogeneity by high-performance liquid chromatography. Mol. 
1990. Identification of the major Ascarts allergen and its purification 

Bfochem. Parasltol. 39: 163. 
Christie, J. F.,  B. Dunbar, I. Davidson. and M. W. Kennedy. 1990. 

Ascarls  lumbricoldes  and  Ascarls suum. and MHC-restricted IgE 
N-terminal amino acid sequence  identity  between  a major allergen of 

response  to  it.  Immunology 69:596. 

pp.  167-814. 

43. 

44, 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

Jones. V.  E.. and B. M. Ogilvie. 1967. Reaginic antibodies and 
immunity  to Nippostrongylus  brasillensis In the rat. Immunology 
12:583. 
Wilson, R. J. M. 1967. Homocytotroplc antibody  response  to the 
nematode Nlppostrongylus  brasflfensfs in the rat-studies on  the 

Yamada, M.,  M. Nakazama, Y. Matsumoto, and N. Arizono. 1991. 
worm antigen. J. Parasltol. 53:752. 

IgE antibody production in  rats  against multiple components of 
excretory-secretory products of the nematode  Nfppostrongylus bras- 
illensfs. Immunology 72: 104. 
Pierce. R.  C..  C. Vernaerde. M. Damonville. T. LePresle. and A. 
Capron. 1983. Allergens of Schistosoma mansonl: comparison of 
the IgE response in  human  and experimental  infections  towards 
characterized  allergens  from the  adult worm products. Int. Arch. 

Damonville. M., R. J. Pierce, C. Verwaerde, and A. Capron. 1984. 
Allergy Appl. Immunol. 72~219. 

Allergens of Schlstosoma mansonl. 11. Fractionation and  character- 

Hussain, R..  R.  G. Hamilton, V. Kumaraswami, N. F. Adkinson.  Jr., 
izatlon of  egg allergens. Int. Arch. Allergy Appl. Immunol. 73:248. 

and E.  A. Ottesen.  1981. IgE responses in  human filariasis. 1. 

Hussain, R., and E.  A. Ottesen.  1983. IgE responses in human 
Quantltation of filaria-specific IgE. J .  Immunol. 127: 1623. 

filariasis. 11. Qualitative characterization of filaria-specific IgE. J .  

Hussain, R.. and E.  A. Ottesen.  1986. Parallel antigen recognition 
Immunol. 131:1516. 

Partono. F. 1987.  The  spectrum of disease in lymphatic  filariasis. In 
by IgE and lgG4 subclass antibodies. J. Immunol. 136~1859. 

Filarlasts Cfba Foundatlon Symposfum. John Wiley & Sons, Chich- 
ester, UK. pp 15-31. 
Kaushal, N. A..  A. J. G. Simpson, R. Hussain,  and E.  A. Ottesen. 

containing N-acetylglucosamine on the  sheated  surface of microfi- 
1984. Brugla malayf:  stage-specific  expression of carbohydrates 

lariae. 58: 182. 
Hughes, R.  C. 1976. A review of structure  and function in membrane 
glycoproteins. Butterworth. London, pp. 114-134. 
Jarett, E. E.  E., and A. Fergusen.  1974. Effect of T cells  on the 

Jarett ,  E.  E.  E. 1978.  Stimuli for the production and control of  IgE 
potentiating reagin response. Nature 250:420. 

in rats. Immunol. Reu. 42~52. 
Pene. J.. F. Rousset. F. Briere, I. Chretien. X. Paliard, J. Bancher- 
eau, H. Spits,  and J. E. de Vreis. 1988. IgE production by normal 
human B cells induced by alloreactive T cell clones is mediated by 
interleukin-4  and  suppressed by interferon-y. J .  Immunol. 
141:1218. 
del  Prete. G.. E. Maggi,  P. Parronchi. 1. Chretien. A. Tiri. D. Macchia. 
J. Bancherau. J. E. de Vries, and S. Romagnani.  1988. IL-4 is an 
essential factor for the IgE synthesis induced in vitro by human T 
cell clones and  their  supernatants. J. Immunot. 140:4193. 
Finkelman, F. D.. I. M. Katona. J. F. Urban, Jr., C. M. Snapper, J. 
O'Hara, and W. E. Paul. 1986. Suppression of in vivo polyclonal I g E  
responses by monoclonal antibody  to the lymphokine BSF-1. Proc. 
Natl. Acad. Scf. USA 83:9675. 
King, C. L., E.  A. Ottesen, and T. B. Nutman.  1990. Cytokine 
regulation of antigen-driven immunoglobulin production in filarlal 

Metzger. H. 1991.  The high affinity receptor for IgE on mast cells. 
parasite infections in  humans. J .  Clln. Invest. 851810. 

Clfn.  Exp. Allergy 21:269. 
Anwar, A.  R. E., J. R. McKean. S. R. Smithers,  and A.  B. Kay. 1980. 
Human eosinophil- and neutrophll-mediated killing of schistosomula 
of Schlstosoma mansonl, In vitro. I .  Enhancement of complement- 
dependent damage by mast cell-derived mediators and formyl-m- 

Mogbel, R.. S. P. Sass-Kuhn, E. J. Goetzl. and A.  B. Kay. 1983. 
ethionyl peptides. J .  Immunol. 124: 1 122. 

Enhancement of neutrophil- and eosinophil-mediated complement- 
dependent killing of schistosomula of Schlstosoma mansoni in vitro 

Rankin, J. A., M. Hitchcock, W. Merill. M. K. Bach, J. R. Brashler. 
by leukotriene B4. Clln. Exp. Immunol. 5251  9. 

and P. W. Askenase.  1982. IgE-dependent release of leukotriene C4 
from alveolar macrophages. Nature 297:329. 
Rom. W. N.. V.  K. Vijayan. M. J. Cornelius. V. Kumaraswami. R. 
Prabhakar, E. A. Ottesen.  and R.  G. Crystal. 1990.  Persistent lower 
respiratory tract inflammation  associated  with  interstitial lung dis- 
ease  in  patients with tropical pulmonary eosinophilia following con- 
ventional treatment with  diethylcarbamazine. Am. Reu. Resplr. Dts. 

Vijayan. V. K.,  B. Sankarna, P. Venkatesan, K. V. Kuppurao.  1991. 
142: 1088. 

Correlation of lower respiratory tract inflammation  with changes in 

tropical pulmonary  eosinophilia. Slngapore Med. J .  32: 122. 
lung function  and  chest roentgenograms in patients with untreated 

Egwang, T. G.. and J. W. Kazura.  1990.  The l?alb/c mouse as a 
model for immunological studies of microfilariae-induced pulmonary 

Klei, T. R.,  C. S. McVay. V. A. Dennis, S. U. Coleman. F. M. Enright, 
eosinophilia. Am. J. Trop. Med. Hyg. 43:61. 

and H.  W. Casey. 1990.  Brugla  pahangi: effects of duration of 
infection and  parasite  burden on lymphatic lesion severity. granu- 
lomatous  hypersensitivity, and  immune responses In jirds  [Merfones 
unguiculatus]. Exp. Parasltol. 72:393. 


