:DOH 85-TD-022

(' human pulmonary dirofilariasis)
( Dirofilariaimmitis)

DNA ( D 34-A fusion protein)

1994 359



1996 339 1995 248
25% 21 %
04 % DNA
20 % 0.9%
0%

Human pulmonary dirofilariasisisazoonosiscaused by thedog heartworm
Dirofilariaimmitis. Human pulmonary dirofilariasis is usualy presented
as a gspherical , subpleural , pulmonary embolization with granulomatous
reaction , that is almost always a self-limited process posing no  significant threat
to human hedth. Nevertheless thislesion is usually mistaken
radiological for aprimary or metastatic lung tumor, necessitating thoracotomy
with  excisiona  lung biopsy for diagnosis. There is no specific
method available presently for the differential diagnosis of human
dirofilariasis. In  this study, we established two ELISA systemsusing D.
immitis L5 somatic antigen and recombinant DNA - derived D. immitis fusion
protein, respectively , for the diagnosis of human dirofilariasis. Data are also
presented on  serological surveys using these two ELISA systems in human
populations associated with  high and low prevalence of canine dirofilariasis.
Three hundreds and fifty nine and 339 human sera were collected from an area with
high prevalence of canine dirofilariasisin 1994 and 1996, respectively. In addition,
248 human sera were collected from another area with low canine dirofilariasis
prevalence in 1995. The human seropositive rates detected by ELISA using somatic
antigen were 2.5 % and 2.1 % in the high canine dirofilariasis prevalence areain 1994
and 1996, respectively, while it was 0.4 % in the low prevalence area. The human



seropositive rates detected by ELISA using fusion protein were 2.0 % and 0.9 % in
high canine dirofilariasis areain 1994 and 1996, respectively, whileit was0 % in
low prevalence area.

Key Words: Dirofilariaimmitis  Human pulmonary dirofilariasis somatic antigen
fusion protein Enzyme-linked immuno assay seroepidemiological survey.
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(' second stage larvae) 6-7
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d. (third stage larvae)

10- 20
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60 - 70
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( Ciferri ,1982 ;
Yongetal., 1992 )
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(Ichiro and Y ukiharu,1988 ; Yong et al.,1992 )

(' human pulmonary dirofilariasis)
10-3.7cm
( Ronald and Piggott ,
1971 ;Dayal and Neafie, 1975; Hiroyuki et al., 1980 ; Takeuchi et al., 1981 ;
Ciferri, 1982 ; Hawkins et a., 1985 ;Kochar et a., 1985 ; Ro et a., 1989 ; Bradham
et al., 1990 ;Asimacopoulos et al.,1992; Chiang et al., 1992 ; Nicholson et a., 1992 ;
Jarratt, 1995 )

5.
(1) (2)
(3) (4)
( Ciferri , 1982)
( Culex quinquefasciatus )
1993 3.8% 1995 46% (Wuetad.,

1993 ; 1995)
6.

( Takeuchi et a., 1981 ; Ciferri, 1982; Hawkins

eta., 1985; Roet a., 1989 ; Bradham et al., 1990 ; Chiang et al., 1992 ; Nicholson et
a., 1992 ; Jarratt, 1995 ) ( transthoracic needle aspiration )



(Hawkinset a., 1985 ; Roussel et al., 1990 )
( somatic antigen )
(Haimilton et al., 1983 ; Sun and Sugane, 1992 ; Villanueva and

Rodriguez - Perez, 1993) 1991 Sunetal.
cDNA library (Western blotting )
cD 34 (Sunet
al.,1991) 1992 cD 34
cD 34
(LoaLoa) ( Onchocercavolvous)
( Wuchereria brancrofti ) ( Anisakissimplex ) ( Toxocara
canis) ( Cysticercus cellulousae ) ( Schistosoma
japonicum ) ( Clonorchissinensis) ( Paragonimus
westermani ) ( Sun and Sugane,
1992)
7.



(1) 1994 1996
359 339
1993 36.2% (Wueta., 1993) 1995 37.5 %
(Wuetal., 1995) 248

5% (Wuet a., Unpublished
observation )

2
( Taenia saginata asciata )
( Entamoeba histolytica)
( Angiostrongylus cantonensis)
2.
(L5 stage larvae)
( phosphate - buffer saline PBS pH7.3) -70

3.

Tamashiroetal. (1985) Akaoetal. (1991)
Villanueva and Rodriguez-Perez ( 1993 )



PBS(10mM  pH7.3) 4 (liquid
nitrogen ) 1% Triton x-100
(Merck)  1mM phenylmethyl sulfluroride (PMSF Merck ) PBS 4

1 15,000xg (2K15 Sigma) 20 4
(6-8,000 MC Spectra) 15,000xg 30
(Protein Assay  Bio-Rad) -70
4, cD34 (fusion protein)
Sun et a.( 1991 ) cD34 cDNA
Primers (TACAACAAGCACAAG

AGGCTand GTT GGT GATAGT GATTTT GGC) cD34

5' subcloning

( Kellerman and Ferenci, 1982 ;Guan et a., 1988; Maina et al.,1988)

flanking primers

( polymerase chain reaction

bp cD34

DNA fragment
E.coli TB1

{symbol 98 \f "Symbol" \s 12|b} - D - galactoside ( X - gal

Biolabs USA)
( IPTG
DNA
cD34
0.3mM IPTG
2 4000 xg
4

cD 34

maltose binding protein ( MBP )

chromatography one - step
Hugues and Duplay, 1988 )

genomic DNA template

PCR) 500

DNA fragment

p MAL - C2 ( New England Biolabs U.S.A.)
5-bromo - 4 - chloro - 3 - indolyl -
New England

isopropylthio - { symbol 98 \f "Symbol" \s 12|b} - D - galactoside
New England Biolabs U.SA. )

cD34 reading frame
E.coli TB1
cD 34 (Poole et al.,1992) 37
-20
( Soniprep 150 MSE)
9000 xg
overexpress

amylose affinity
( Kélermanand Ferenci, 1982;



protease factor Xa ( New England Biolabs U.S.A))

MBP hydroxyapatite chromatography amylose affinity
chromatography ( New England Biolabs U.S.A.)
cD34 ( Kellerman and Ferenci, 1982 ;Guan et al., 1988; Hugues and

Duplay, 1988; Mainaet a.,1988)

5. (Western blotting ) :

sample buffer ( 0.152g Tris-base, 2 ml Glycerol , 0.2g sodium
dodecyl sulfate ( SDS) , 0.2 ml 2-mercaptoethanol , 0.0001g Bromophenol blue, 4

ml H20) 5 10 % SDS polyacrylamide gel
50V ( stacking gel ) (running
gel) 100V bromophenal blue 0.5
methanol membrane ( Immobilon - p, Millipore)
transfer buffer (0.192 M Glycine, 0.025 M Tris, 0.0013 M SDS 10-20 %
MeOH ) transfer buffer membrane Semi
- Dry Blotting System ( C.B.S.) 0.8A/cm2
membrane ( coomassie blue stain )
blocking buffer ( PBST - milk ) PBST
37 PBST
1 5000 alkaline phosphatase - conjugated goat anti - dog
gG ( Calbiochem) 37 PBST

( Nitro Blue Terazolium /5 - Bromo - 4 - Chloro - 3 - Indolyl Phosphate Sigma)

6. ( Enzyme Linked Immuno-sorbent Assay -
ELISA):

1) -
Muro et a. (1992 )
( carbonate buffer  pH 9.6)
4 ELISA plates ( 96-wells ELISA Plates Corning)
0.05 % Tween - 20 ( Merck ) PBS ( PBST) plate 4 200ul
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peroxide solution ( H202) ( Peroxidase Substrate Kit Bio- Rad) 5
1 % SDS Titertek Multiscan Colorimeter
(Flow USA) 405 nm
(2 D 34-A :
D 34-A 4
micro ELISA plate PBST ELISA plate 4 200 ul
PBST - BSA 37 blocking 1 PBST 4
100 { symbol 109 \f "Symbol" \s 12|m}| PBS- BSA
37 1 PBST 4 100{ symbol 109 \f
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( Eappel,Organon Teknika) 37 1 PBST 4
ABTS H202 5 1% SDS
Titertek Multiscan Colorimeter 405 nm
7.

D 34-A
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Microsoft Excel Version
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079( 4)
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070( 5)
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cD34 cDNA ( 1)

Primer - 1 ( TACAACAAG CACAAGAGGCTA) Primer - 2 ( GTT GGT
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1.6kb  DNA fragment ( 6)

1.6 kb DNA : cD34
cDNA fragment , 1.6 kb DNA intron ( 7) E. coli
TB1

intron cD34 cDNA
DNA Primer - 3( GAT GAT CAT TCT GAGATGGTT) Primer - 3
Primer - 2 flanking primers genomic DNA
PCR intron PCR 326 bp ( 8)
326 bp DNA fragment pPMAL - c2
transform E. cali TB1 clones DNA



cD34 cDNA reading frame (

9)
insert reading frame clones clone
D34-A D34-A IPTG D 34-A
(Pooleet al.,1992)
overexpress mal E encode maltose
binding protein ( MBP) 64 kD ( 10)
( 11) E. coli TB1
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( pulmonary coin lesion)
( Ciferri, 1982; Hawkinsetal., 1985; Roetal.,1989; Bradhametal., 1990 ;
Nicholson et al., 1992 ; Jarratt, 1995)
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Villanuevaand Rodriguez - Perez, 1993 ) DNA
Luciuset al.
(1988;1992) (Ov33)
Loboset al. (1991) Raghavan et al.
(1992) Dissanayake et al. ( 1992) muscle-associated
(WbN1) Bradley et al. ( 1993) Katharine etal.(1994)
(Ov MBP/10, Ov MBP/11, Ov MBP/29) Zarlenga

eta. (1994) ( Taeniacrassiceps)
( cysticercosis) (TcA2-MBP) Sunetal. (1994)

( Trichinellaspiralis) Luciuset al.
(1988) Ov33

96% Lobosetal. (1990)
98 % ( Y azdanbakhsh, 1990) Bradley et al. ( 1993)
100
%

DNA 1991 Sunetal .
cDNA library
cD 34 cD 34 DNA
1992

(Sunetal.1991) cD 34



1991 Sunetal. cD 34 cDNA

DNA D34-A D34-A
D34-A
1992 Sun and Sugane cD 34
D3#4-A
1994 1996

25% 21%
5% (Muroetal., 1990)
58% (Simonetal., 1991) 2.66 % (Villanueva
and Rodriguez - Perez, 1993)
36.2% (Wueta.1993) 375% (Wueta., 1995)

356%  333% 20.4
% 1994 1996 58

1994 1996 0.83
0.79 0.8 (Muroetal.,1990)

0.857 ( Villanuera and Rodriguez - Perez, 1993)

D 34-A
1994 1996 20% 0.9%

1994 16
1996 10
1994 7
1996 5

(Hamilton et a., 1983 ; Y azdanbakhsh, 1990 ; Sun and Sugane,
1992 ; Villanueva and Rodriguez - Perez, 1993)
Sunetal.
(1992)



1994 5 1996 1 Sunetal. (1992)

007( 1 2)

X D34-A

0.04 %
(5%) (Wu et al., Unpublished observation )

Sunetal.(1991) cD 34
cDNA D 34-A MBP factor Xa
MBP MBP dirofilariasis
MBP Mainaet al.
(1988) Raghavanetal.(1992) Crowleyetal.(1993) Suerbaum et al.
(1994) MBP Mal E protein
Bradley et al.
(1993) Katharine et al. (1994 ) MBP
anti - MBP O.D. (+ )

0.096 + 0.087 0.086 + 0.061 Xadigest MBP



Akao, N., K. Kondo, and K. Fujita. 1991. Immunoblot analysis of Dirofilariasis
immitis recognized by infected humans. Annals of Tropical Medicine and
Parasitology. 85:455-460.

Asimacopoulos, P.J., A. Katras, and B. Christiee 1992. Pulmonary
dirofilariasis. Chest. 102:857-855.

Bradham, P.R,, P.R. Locklair, and A. Grimball . 1990.
Bilateral pulmonary nodules caused by Dirofilaria immitis.
Annals of Thoracic surgery .50: 312- 313.

Bradley, J E., K.R.Trenholme, A.J Gillespie, R. Guderian, V. Titanji,

Y.Hong, and L.Mcreynolds. 1993. A sensitive
serodiagnostic

test for Onchocerciasisusing acocktail of  recombinant
antigens.

American  Journal of Tropical Medicine and Hygiene.
48:198-

204.

Chen,Y.C., W.C.Yang,and H.H.Lin. 1982 Epidemiologica  study
ondog heartworm infectionintheimporteddogs in Tapei County. Journal
of Animal Medicine .20: 62-67.

Chiang, H., SH.Tsay, Y.C.Lee, and L.S. Wang. 1992. Human
pulmonary dirofilariasis- acasereport. The 8th  Annual Meeting of



the Chinese Society of Parasitology, Programand  Abstract, 8.

Ciferri, F. 1982. Human pulmonary dirofilariasis inthe United States:
A critica review. American Journal of Tropical Medicine and
Hygiene. 31: 302-  308.

Crowley, P.J, L.J. Brady, D.A. Piacentini, and A.S. Bleiweis. 1993.
Identification of a sdivary agglutinin binding domain within  cell
surface adhesin Pl of  Streptococcus mutans. Infection and
Immunity. 4:1547-1552.

Dayal, Y.,and R.C.Nedafie. 1975. Human pulmonary dirofilariasis:
A casereport and reviewof the literature. American  Review of
Respiratory Disease. 112:437-443

Dissanayake, S.,M.Xu.,,and W.F.Piessens. 1992. A cloned antigen
for serological diagnosis  of Wuchereria  bancrofti  microfilaremia with
daytime blood samples. Molecular and Biochemical
Parasitology. 56:269-278.

Guan,C., P. Li, P.D.Riggs, and H. Inouye. 1988. Vectors

that facilitate the expression and purification of foreign peptides in
Escherichia coli by fuson to maltose- binding protein.  Gene.
67:21-30.

Hamilton, R.G., A. L. Scott, R. D ntonio, D. A. Levy, and
N.F.  Adkinson. 1983. Dirofilaria immitis : performance

and standardization of specific  antibody immunoassays for filariasis.
Expirmental Parasitology . 56:298-313.

Hawkins, A.G., J.. Hsiu, R.M. Smith II1.F.P. Stitik, M.A. Siddiky, and O.E.
Edwards. 1985. Pulmonary  dirofilarisis diagnosed by fine needle
aspiration biopsy. Acta Cytologica. 29: 19-22.

Hiroyuki, Y., N. Akao, K. Kondo, andY.Ohnishi, 1980.
Human dirofilariasis  in Japan case report and review of
literature. International  Journal of Zoonoses.7: 107-114.



Hsieh,H.C., and C.H. Chung.1956. A note on the periodic appearance of
microfilariaof  Dirofilaria immitis Leidy inthe peripheral  blood  of
an indigenous dog in Taiwan. Journal of the Formosan
Medical  Association. 55:20-22.

Huang, W. H., J. K. Chiu, and CT.Kao. 1957. A survey of
theendoparasite fauna of stray dogs in Northern Taiwan. Journal of
the Formosan Medical  Association. 56:614.

Hugues, B.,, and P.Duplay. 1988. Production in Escherichia cali
and one- step purification of  bifunctional hybrid proteins which bind
maltose . Journal of Biochemistry. 171:541-549.

Ichiro, M., and T. Yukiharu. 1988. Parastic  Zoonoses. Kyushu
University Press. Fukuoka.

Jarratt, M. 1995.  Solitary pulmonary nodule ina 62- year- old man.
Chest. 107:271-273

Katharine, R. T., T.I.M. Tree, A.J Gillespie , R. Guderian,
R.M. Maizdls, and J E. Bradley. 1994 Heterogeneity  of
19gG antibody responses to cloned Onchocerca volvulus
antigens in microfiladermia positive individuals

from Esmeraldas Province, Ecuador. Parasite Immunology. 16:201
-200.

Kellerman, O.K.,and T. Ferenci . 1982. Maltose binding protein  from
Escherichia coli. Methodin Enzymology. 90: 459- 463.

Kochar, A.S.1985. Human pulmonary dirofilariasis report of three cases and
brief review of the literature. American Journal of Clinical Pathology.
84:19-23.

Lobos, E., N.Weiss, M.Karam, H.R. Taylor, E.A.Ottesen, and T.B.
Nutman.  1991. An immunogenic Onchocerca volvulus
antigen : a specific and early marker of infection
Science. 251:1603-1605.



Lucius,R., N.Erondu, A.Kern, and J E.Donelson.1988. Molecular
cloning of an immunodominant antigen of Onchocerca volvulus.
Journal of Experimental Medicine. 168:1199-1204.

Luciuss, R., A. Kemn, F. Seeber, T. Pogonka, J Willenbucher,
H. R. Taylor, M. Pinder, HW. Ghaib, H. Schulz-Key, and P.
Soboslay. 1992.  Specific and sensitiveIlgG4  immunodiagnosis  of
onchocerciasis with a recombinant 33 kD

Onchocerca volvulus protein(Ov 33). Tropical Medicine and
Parasitology. 43:139-145.

Maina, C.V., P.D.Riggs, A.G.Grandealll, B.E.Satko, L.S. Moran, J.

A. Tagliamonte, L.A. McReynolds, and C. Guan. 1988. An
Escherichia coli  vector to expressand purify foreign proteinsby fusion
to and separation from maltose binding protein.  Gene. 74:365-373.

Muro, A. A, M.S. Cordero, J. M. Martin, and F. M.
Simon. 1990 . Seroepidemiol ogical studies on  human
pulmonary dirofilariasis in Spain.  Tropica and Medicine Parasitology.
42: 371-374.

Muro, A. A., M. S. Cordero, and F. Simon. 1992.
Differentia recognition of Dirofilaria immitis antigens by  human
IgG andIgM  positive sera preliminary data based on EITB
analysis. Tropical Medicine and Parasitology. 43:130-131.

Nicholson, C.P., M.S. Allen, V.F. Trastek, H.D. Tazelaar, and P.C.
Pairolero. 1992.  Dirofilaria immitis. A rare, increasing causes of
pulmonary nodules . Mayo Clinical Proceeding. 67:646-650.

Poole, C. B., A.G. Grandea Ill, G.V. Maina R.E.  Jenkins,
M. Selkirk,and L.A. McReynolds. 1992. Cloning of a cuticular
antigen that contains multiple tandemrepeats from the filaria
parasite Dirofiliaria immitis. Proceeding of the National
Academy of Sciences of U.S.A. 89:5986-5990.

Raghavan, N., C.V.Maina, P.C.Fitzgerald, R.S.Tuan, B.E. Satko,
E.A. Ofttesen, and T.B. Nutman. 1992. Characterization of a



muscle - associated antigen from  Wuchereria bancrofti.
Experimental Parasitology. 75:379-389.

Ronald, C.N., and J. Piggott. 1971. Human pulmonary dirofilariasis.
Archivesof  Pathology. 92:342-349.

Roussel, F., A.Delaville, H. Campos, M. Benozio, and P. Brasseur. 1990. Fine
needle aspiration of retroperitoneal human dirofilariasiswith  a pseudotumoral
presentation. Acta Cytologica. 34:533-535.

Ro.J. Y., PJ Tsakalakis, V. A.White, M.A.Luna, E.G. Chang- Tung,

L.Green, L. Cribbett, and A.G. Ayaal1989. Pulmonary dirofilarisis. the
great  imitator of primary  or metastatic lung  tumor. A

clinicopathologic analysis of seven cases and a review of the
literature. Human Pathology.20: 69-76.

Simon, F., A. Muro, M.  Cordero, and J. Martin.
1991. A seroepidemiologic  survey  of human  dirofilariasis in
Western Spain.  Tropical Medcineand Parasitology.42:106-109.

Suerbaum, S., J. M. Thiberge, A.Kansau, R.L.Ferrero, and A. Labigne. 1994.
Helicobacter pylori hspA- hspB heat shock genecluster : nucleotide
sequence expression putative function and
immunogenicity. Molecular Microbiology. 14:959-974.

Sun, S, T. Matsuura, and K. Sugane. 1992 Stage -
specific  expression of  developmentally regulated gene in

Dirofilaria  immitis.  Journal of Helminthology. 66: 62-67.

Sun, S,and K.Sugane. 1992. Immunodiagnosisof human dirofilariasis

by enzyme- linked  immunosorbent assay using recombinant
DNA - derived fusion protein. Journal of Helminthology.
66:220 -226.

Sun,S.,, T.Matsuura, andK.Sugane. 1991. Molecular cloning of the
cDNA encoding an  immunodominant antigen of Dirofiliaria
immitis . Journal of Helminthology. 65: 149 -158.



Sun, S, W. Xa, N.He, and K. Sugane.1994. An antigenic recombinant fusion
protein  from  Trichinella spirais induces a protective response in
BALB/cmice. Journal  of Helminthology.  68:89

-91.

Takeuchi, T., K. Asami, S. Kobayashi, M. Masuda, M. Tanabe, S.
Miura, M. Asakawa, and T. Murai. 1981. Dirofilaria immitis
infection in man : Report of a caseof the infection in heartand
inferior vena cava from Japan. American Journal of Tropical
Mediciane and Hygiene. 30:966-9609.

TamashiroW.K., K.G. Powers, D.A.Levy, and A.L. Scott. 1985.
Quantitativeand qualitative changes in thehumoral response of dogs
through thecourse of infection  with Dirofilaria immitis

American  Journal of Tropica Medicine and Hygiene. 34: 292-301.

Villanueva, E. J,, and J.Rodriguez - Perez. 1993. Immunodiagnosis of
human dirofilariasis in  Puerto  Rico. American Journal of
Tropica Medicine and Hygiene. 8:536-541.

Wu, C.C.,C.C. Chen,P.C. Fan,and I|.H.Wu. 1993. Recent status of
Dirofilariaimmitis  infection in dogs and mosquitoes in northern
Taiwan. The 8th Annua Meeting of the Chinese
Society of Parasitology Program and Abstract.33.

Wu, C.C., C.C. Chen, and P.C. Fan, 1995. Important  vectors
of Dirofilaria  immitis in Tawan. The 10th
Annua Meeting of the Chinese Society of Parasitology Program
and  Abstract. A- 4.

Wu, C.C, P.C Fan, and C.C. Chen, 1994. Current
status of Dirofilariaimmitis infection in dogs and mosqguitoes
in Taipei City. The oth Annual Meeting of the Chinese
Society of Parasitology Program and Abstract. A-7.

Wu,C.C., P.C. Fan., and C.Y.Lin. 1988. Dirofilaria
immitis infection among  stray dogs in Tape City, Tawan.
Chinese Journal of Parasitolgy. 1:144 - 151



Wu, C.C., P.C. Fan and C.Y. Lin. 1988. Susceptibility of
nine species of Taiwan mosquitoes to Dirofilaria
immitis. Proceeding Sino-Japanese Symposium on Parasitic  Zoonosis. 169-173.

Yazdanbakhsh, M.  1990. Molecular biological approachestowards
immunodiagnosis of filariasis. Parasitology Today. 6:207-208.

Yong, W. K.1992. Animal parasite control utilizing biotechnology.
CRC Press. Florida

Zarlenga, D.S., M..L.Rhoads, and F.M.Al - Yaman. 1994.
A Taenia crassiceps cDNA sequence encoding a

putative immunodiagnostic antigen for bovine cysticercosis. Molecular  and
Biochemical Parasitology .67:215-223.

{page }

{page |29}






