
xorean Hemorrhagic Fever: Propagation of th however, their occurrence is irr'gular
and depends on conditions that stress the

Etiologic Agent in a Cell Line of Human Oriel, cells, and the plaques have not been use-
ful for quantitative assay. Infected A-549

Abstract. The etiologic agent of* Korean hemorrhagic fiver has been propagated cells undergo cell division in an appar-

in a human cultured cell line derived jiont a carcinoma of the lung. The cells, de- ently normal manner and without loss of'

scribed as type II. alveolar epithelial. support replication ,)J'the agent and succes- KHF-related specific fluorescence. In-

sive passages. Antigen of the Korean hemorrhagicfever agent is readily detected in fected cells remain IFA-positive for at

.l infected cells by means of direct or indirect fluorescent antibody techniques. Pre- least 100 days, the longest period of oh-

vi, ".,t* to r,," , t., in ritro had been unsuccessftd. servation to date. Maximum yield of cell

culture-adapted agent is obtained at 36

0 ........ ~cclih,.: ics, N. ,t-t. with acridine orange or May-Gr~inwald to 37*C with input multiplicities (infec-

which is presumed to be of viral origin, is stain and examined for the presence of tious units per cell) that ensure infection

0 one member of a group of similar hemor- viral inclusions. The different cell cul- of all cells. Peak yields that average 10 to

rhagic fevers with renal syndrome that tures used in this and earlier studies are 15 infectious units per cell are obtained

occur throughout large portions of the shown in Table i. 33 to 42 hours after infection with an in-

world from Japan in the East. throughout The only cultured cells in which we put multiplicity of three to five infectious

Soviet Russia. to Sweden in the West (I- could reproducibly demonstrate specific units per cell. Continuous harvests of

4). fluorescence or other evidence of infec- spent cell culture medium have been

H. W. Lee and co-workers reported tion were the A-549 cells. These cells made at 24-hour intervals after this peak

recently the isolation of the KHF etio- were first recognized as positive on day through the seventh week after infection.
logic agent from a roo-nt. Apoderaus 12 after inoculation, with the appearance and yields average three infectious units

agrarius coreae (I). Specific antigen for of a single fluorescent focus of less than a per cell per harvest. Input multiplicities

KHF was detected in various tissues of dozen cells. Fluorescence appeared as of less than one infectious unit per cell

this rodent, by using an indirect fluores- discrete pinpoint granules distributed result in sharply lower yields during the

cent antibody (IFA) technique (5) and throughout the cytoplasm. Fluorescent acute phase of the growth cycle: how-

samples of serum from human patients foci increased in number and brightness ever, yields nearly comparable to those

recovering from KHF. Isolat ion of the on companion cover slips throughout the at high input multiplicity occur once per-

KHF agent had been attempted by sev- remaining observation period. Sub- sistent infection is established.

eral groups of investigators since 1952 I. sequent passages of this agent have led We used serologic tests to establish

2. 6-8). Attempts to propagate the agent to 100 percent infection of the cells with that the agent isolated and propagated in

in cell culture have also been made, a reduction in time of the first appear- A-549 cells was KHF-related. In one ex-

without success (1, 3, 8. 9). However, ance of specific fluorescence to as little periment we used serum samples from 32

we now report the successful propaga- as 3 days after inoculation by the sixth humans, including 13 normal (non-KHF)

tion of the etiologic agent of KHF in an passage in A-549 cells. At no time during subjects and 19 subjects in the acute or

in vitro substrate, a human cell line. This the initial or subsequent passages in A- convalescent stage of KHF. We tested

line. designated A-549 and described as 549 cells was CPE detected or were viral these samples by the IFA technique

type II, alveolar epithelial cells, was de- inclusions found by staining with acri- against monolayers of infected A-549

rived from a carcinoma of the lung (10. dine orange or the May-Griinwald tech- cells. The serums from 16 of the sub-

II1. nique. jects, including nine who were normal or

The starting infectious material for this Numerous attempts to induce plaque in the acute phase of KHF and from sev-

formation on A-549 cells have not been en convalescents, were also tested si-
cent) of lung tissue from several A.a. rewarding. Small indistinct plaques do multaneously against frozen sections of

coreae killed 21 days after they were in- form cinder agarose overlay medium. !ung tissue from KHF agent-infectedApodeotus . These 16 serum samples had

oculated with pooled tissue from several identical or very similar IFA liters in the

Apodemus infected with fourth-passage Table I. The cultured cells used in this study two test systems. Six of the serum sam-

KHF strain 76-118 (). A 10-' dilution of (131 to isolate the etiologic agent of KHF. pies were paired specimens (obtained at

this material in medium E- 199 containing lswrpaedpcins(biedt
ti mareteal n f medum E 9 containg Continuous cell lines the acute and convalescent stages) from

0culatednto etalalfsem of aus i- Human lung, alveolarepithelium(A-549) three KHF patients: all three pairs

oculated onto monolaye of various pri- Human adrenal cortex (SW- 13) showed significant (- fourfold) increases
mary and continuous aviai and mamma- African green monkey kidney (Vero)

lian cells prepared on 12-mm glass coy- Rhesus monkey kidney (LLC-MK2 ) in IFA titer when tested with either sub-

er slips in 24-well plates (12). The African green monkey kidney(BSC-1) strate. The 16 remaining serums, which
Baby hamster kidney (BHK-21) were lyophilized samples collected from

cover slip monolayers were maintained Rabbit vena cava, endothelium (REVC) well-documented KHF convalescent pa-

with medium E-199 with 5 percent FCS Dog kidney IMadin Darby) tients who were studied in Korea from

which was changed at 3- to 5-day inter- Diploid cell lines

vals as required. Inoculated cultures Human embryonic lung lWl-38) 1966 It) 1968 (8) also showed positive
were Human embryonic lung (MRC-5) IFA titers with the infected A-549 cells.
were examineddaily for cytopathogenic Fetal rhesus lung(DBS-103) In a second experiment, a human

effect (CPE). On day 8 after inoculation Primary cell cultures KHF convalescent serum conjugated

and at 2-day intervals thereafter through Human embryonic kidney with fluorescein isothiocyanale (pre-
day 24. two to three cover slips were re- Human peripheral leukocytes

moved, fixed in 100 percent cold ace- Mitrtvi. montaust whole embryo (vole) pared and lyophilized at the Ui.S. Army
tonead, x ine by peren od tech- Duck embryo fibroblasts 406th Medical L.aboratory -Japan in

, lone, and examined by the IFA tech- (amyOv% calhuu.o kidney, lung. bladder 1968) produced a titer of 1: 160 in the di-

nique for the presence of KHF-related ( calhm.u alveolar and peritoneal rect fluorescent antibody test with infect-
antigen ( 1). In addition, occasional cover macrophages
-aps were stained at various intervals (.overlo peripheral leukocytes ed A-549 cells and 1: 160 when tested
tit wwith frozen sections of infected Apo-
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Table2'. Antigenic identity of the cell culture isolate to KHI- agent passage'd in agraritis 2. Depatmnt of the Army Technical Bulletin. TBciirv'ie. The animals were inoculated intramuscularly with either a I5 percent sspetsiton of . 240 (Government Printing office. Wash.
lung tissue from the third passage of the KH Fagent (Lee strain) in Ap, derrusx or with A-549 cell 3. D1.C. Gajdusek. J. Pediagr. 601. 8f41 (19621.culture fluid% of the third or tenth cell culture passage with KHIF agent, strain 76-118. The 4. J. Latidevir., Ann. ((tin. R~es. 1sIuppl. ff). 1animals were bled on various days after inoculation. Serum antibody titers to the KHF agent (1971); A. Svedmyr. H. W. Lee. A. Berglund.
were determined by the indirect fluorescent antibody tIFAI technique against frozen sections of B I-loo. 10. Nystrom:. . LC. p.juse. Lancej.infected Apodemnas lung tissue or monolayers of inl'ected A-549 cell%. The IFA test procedure is Lihdevita. M. Brummer-Korvenkontio. ihid..
described in (1I P.16 .WIeP.W e.M auaT

Time after I FA titer by test system S. The indirect fluorescent antibody test used in
Animal a.cuu inoculatio reference Positive control KHIF antiseruai and(day) 4 a.ii~cac A-549 cell Posit-e control rodent lung tissue. were de-

Rabbit .4. a. coreaeii lung P-3 0 - 16 < 16 control serum were drawn from individuals who
14 32.768 3:2.768 had never entered HIFRS endemic areas IMH. W.

Rabbit A-549 cells P-t10 0 l16 16 dam. 1978). pp. 331-3431.

Owl monkey A. a. corcoi' lung P-3 0 < l0 < 16 Harrnss, Am. J. llvg. 59. 291 (1954)..35 2048 2048 . N.H 2172g.A.Hbr. .R rec.M
Baboon A-549 cells P-3 0 16 16 Rt. Smith. in U.S. Ar, 4061h Medical Lahura-

35 52 51 for Annal Rptw(U.S. Army Medical Re------ sarchandDevelopment Command, Washing-ton / . 97) p 1-25. The lyophilized con-

vaesen serums( were retained through the in-
lemits lung. ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~vriu Ia au xx-cn.sv 8 ornwhclesta104othin tevnnyerinaiuslocations by N. H.'era secesoflaboratory rodents or oculum is recoverable, an observation available to us when he learned of our interest in

nonhman rimtes ereinoculated with that lends additional supr to the long- coll eonpwere nocte-phdand seremi this
either infected Aoeislung sus- standing hypothesis (3) that the etiologic tunately lost in a freezer outage. The direct con-pnin orspent. cell culture media agent of KHF is a virus. beugae wasbrarby J hms fWefrm hethrdor tenth passage A-549 cell Attempts to isolate the agent from hu- 9. J. F. Metzger and D. Arbiter, in U)5. A4rms

46hMedical Lah,,ralors Annual Report (U.S.cutue get.Serum samples obtained mans and suspected rodent reservoirs in Army Medical Research and Developintm
bfrorafter inoculation were then various geographic regions of the world c1 ormmand, Washington, D.C.. 1965). pp. 3-5.1.DJ.Gard, S. A. Aaronson. G. J. Todor. P.testd in(heIFA test against KHF-in- have revealed that A-549 cells are not Artstein, J. H. Kersey. H. Desik. W. P. Pork%.

fecte Apocvintu lungsectons o KHF- unifomly uscepible o allstrNas oftheni. '. ail.tanceSI.st 141, 4179(933)fectd Aadiniu lug setios o KH- uiforly uscptile o al stain oftheIi.M. Lieber. B. Smith. A. Szakat. W. Nelson-infected A-549 cells. All animals showed agent or related agents. On the Korean Rees. G. Todoro. In,. J. Cancer 17. 62 (1976).
signficnt - ourfld)inceass i IFA pennsua, or xampe, atie A a. Evidence is presented that the A-549 cell line issignhcat 1 toirtldlincrase inIFA pennsua, fr eampe, atie A a. of human origin and originated from the neo-*titer by both test systems. Representa- coreele remains the host of choice for ini- plastic transformation of type It alveolarcells. it

is the opinion of LieberCt al. that the A-549 celltise results with serum samples from two tial isolation of the agent. However, rep- line originated fromavsingle cel. The cell line. asNew Zealand White rabbits, a baboon lication of KHF strain 76-118 in A-549 used in our laboratory,' was obtained in the 26thPassage from W. A. Nclson-Rees (with supportWPapiti aniihis 1. and an owl monkey cells makes it possible to study the KHF from the National Cancer Institute Viral Oncol-
14.4/is lriiiratuis are presented in agent in Vitro and provides a means of 0gY Program under the auspices of the Office ofNaa esearch and the Regents of the Univer-Table 2. diagnosing hemorrhagic fevers with ren- sity of California). The A-549 cell line is avail-We conclude that the etiologic agent of' al syndrome in laboratories outside Ko- able from the American Type Culture Collec-
KHF propagates and produces IFA de- rea. Although A. a. coreae is an ade- lion. Rockville, Md.. as accession CCL-1ff5.tectable .;ntigen in the A-549 human al- quate host for these purposes, the rodent 12. Tissue culture cluster-24, No. 3524. COSTAR.
6eolar epitheliail cell tine. Reisolation of has not been colonized and must be cap- 13. Previous investigators have used other con-

thi agnt romthefifh pssae Ao- ure an reurnd t th laoraory tinuous and primiary cell cultures, includingthi agnt romthetifh assge pci tued nd etrne tothelabratry dog embryo (R- 1247). porcine kidney (PS), mindciis (KHF- strain 76-118X) has been ac- from KHF-free areas of the Korean pen- lung (MVILu(. Chinese hamster lunt (Dede).complished on three occasions. Charac- insula. -primary human embryonic lung. anJ primary
teritatton of the agent has not progressed rat live (1);E~Lr NCHp-e2v HeLa. pL Detroit. i

as rpidy a migt b hoed bcaue o hamster heart and kidney (8): rhesus monkeyasraidy tsmihthehoedbeaue fIICHA R C_ ) X IK kidney (MA-104). newborn rabbit kidney (MA-the low yield per cell, the ditficulty We O i LA UAD Ilpiayhmtrkde 5.adreu
have experienced in separating the agent i 4.monkecy kidney (/. 5. 8).9ERALD DY Suppor ted in part by grants DAMDI7-77.6-9411from cell debris, and the less than satis- U..Am ea erh. adDMI77tu44o h .. Am ci

facor asa sstm.Hoevr.ou-D cal Research and Development Command. Fortfactry ssa sysem.Howver.our c~fnf~.eli~ii DiDetrick. Frederick. Md. 21701. In conductingpeetresults do indicate that the infec -'rederic-k, MAfqVle n7 the research described herein, the U1.S. Armypresent is lpi ole t-e siie n investigators adhered ito the "Guide for the are
tious ~ ~ ~ ~ ~ ~ ~ _1 unti ii sletsniiv n AN %E E and Use of Laboratory Animals." as promul-

acid labile (pH 5). and that a very gated by the Committee on (Care and Usve of7 Vvra ~~JI OA~ taborator-y Animals of the institute of t~abora-small proportion t~10 ") of the agent Insiz i lK~S~ - tory Animal Resources. National Rech
population will~ pass. a'e' mebrn flerooUieriy Present address Salk Insitute, Government100-nm pore size MI. Curves showing ~. 1  %, 1  r~ Diviso'n PO Box 250. Swiftwater.
growth of the agent after inoculation of C,. a18370
A-549 cells with large numbers of infec- Refer nd
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