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7 Mtipet% 1prepraion. The adenovirus antigens used in this study were

prepared by a modification of the method of Green end P-- (2). Roller bottle

4(Deue Glass Inc., Vineland, NJ) cultures of the human epithelial cells,

V strain Kb (Flow Laboratories, Rockville, n) were inoculated with 10 ml of
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medium 199 with Earle's balanced salts containing approximately 103 to 104

TCl 0 /ml of either adenovirus type 4 or type Y, After adsorption for 2 hr, an

additional 90 ml of medium were added; the culture was then rotated at 8-1/3

rev/min at 37 C. After incubation for 20 to 24 hr, and prior to cell detach-

ment from the glass surface, the medium was decanted and replaced with 10 ml

of 0.01 M tris-HCI buffer, pH R.I. Intracellular virus was liberated from the

cells by freezing and thawing three times. Medium and cellular debris were

pooled and, after stirring at 4 C for 30 min, was centrifuged at 1,000 x g for

20 min. The supernatant fluid was decanted and homogenized with an equal

volume of fluorocarbon (Genetron-113) (Allied Chemical Co., Morristown, NJ) in

a blender for 2 min at 4 C. The homogenate was then centrifuged at 1,000 x g

for 10 min to separate aqueous and organic phases. The top aqueous phase was

collected A.nd the extraction with Genetron repeated until three distinct layers

were visble: a top aqueous layer and a bottom organic layer separated by a

thin milky, gelatinous interface. The virus in the aqueous layer was banded

onto a CsC cuthion (density - 1.43) by centrifugation at 60,000 x g for 90 mn

at 4 C in a SW 5.1 rotor (Beckman Instruments, Inc., Palo Alto, CA). Human

serufA albumin waq added to a final concentration of 0.1 g/ml to 10 ml of

banded virus and the mixture dialyzed overnight against 400 volumes of 0.01 H

tris-HCI, 0.15 M NaCl buffer, pH 8.1. The concentrated virus preparation was

dispensed in 1.0-4i volumes and stored at -70 C. Immediately before use, the

virus preparation waA filtered through a 1.2 tim pore size Swinnex filter

(Millipore Corp., Bedford, MA). Dilutions of each virus lot were tested

against both normal and immune rabbit and human sera in the UPT. Since -ones

of inhibition were not detected. ,e chose for roitine assay the greatest dilu-

tion of viros renilting in an undiminished precipitate whan reacted with immune

serum in effective excess. A control antigen was prepareo from uninfected KB

cells as described above for adenovirus antigens.

Sera. The acute and convalescent sora used were from suspected adono-

virus patients and had been assayed for antibody activity in complement

4.
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fixation (CF) (3) and neutralization (4) tests. These sere together with

virus isolation and serological tee: results, were generously supplied by

Fourth U. S. Army Medical Laboratory, St. Louis, MO and Walter Reed Army

Institute of Research, Washington, DC. The type-specific rabbit antisera

employed in th6 initial experiments kGrand Island Biological Company, Grand

Island, NY) were prepared by serial immunization with virus grown in primary

-,ultures of human embryonic kidney (EK) 'Is. In the initial attempts to

,.mploy human sera in the MPT, it was demonstL..ed that a rignificant number of

sera contained an electroneutral component which rcaulted in "false" poeftive

reactions. In attempts to eliminate these substatces a varet :of procedures

were evaluated. 'these included treatment with heparin-MnVl. kaolin and

Genetron-113. Only Genetron-l13 eliminated the "false" reattions without

significant loss in antibo!y ti er and wiks employe2 routineJy. The following

describes the procedure used. Th_ Ivaest dilution of serum being tested

(usually 1:10 or 1:20) was aetraete for 15 or 15 sac with constant stirring

in 5 volumes of Genetro4-ll3. The mixture was centriNged at l G00 x g for

5 min and the top aqAeous phtae (sevum) sapirated and passed through a 0.22 um

pore size 2Winne, filter to remo'e particulate material. No decredsae In

levels of IgM. IgG, IgA or complehent was detecced by the Inmnoplt.o aesy
(Hyland, Cost4 Mesa, CA) after trp.ment of setum in this manner.

"Dtecrion of _rZeipiatin&A qibody. Th microprocipitation toot Ias

been deacribei; (1). Equal volumea (it n onovirus antigen and surum dilutions,

prepared in 0.1 M 1itpes (Pierce Chemical Co., Rockford, IU) buffere'd normal

saline, pH 7.Z, were mixed in a icrrtiter plat¢o (Microbiological Associates,

listhesda,. HOI, The plate was placed at 37 C for hr foliweO by overnight A

incubation at 4 C7. After incubation, 10 uil of each ant gon-Aerum mixture

wa applied to the catthwod end of a 1 x 3 inch collulome acetate plate (HIelena

Laboratories, Boauwont, TX) previously staked in tris-bavbttal buffer (pit R.4,

ionic strength 0.05), The. plates wore electrophoresod for 15 Min at 220 v in

a chAbor (,Mandou Scientific Co., Soeickly, PA) containing tria-berbital
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buffer solution and were subsequently fixed and stained for 15 min in

Ponceau-S stain dissolved in 7.5% trichloroacetic acid. The plates were

rinsed in 2.0% acetic acid to remove excess stain, air dried and examined for

elliptical precipitates at the site of sample application. Controls consisted

of: (1) antigen plus saline, positive and negative control sera; (2) test

serum plus saline; (3) test t'rum plus normal cell antigen. All controls were

tested concurrently with the antigen-test sera mixtures.

Results

Specificity of the precipitation reaction. To determine the role of

contaminating cell ancigens in the MPT. the antigen prepared from uninfected

Kb cells was tested along with supernatant flulds from infected and uninfected

cells. Adenovirua 7 (ADV-7) antigen served as a positive control.

No precipitation was observed when c , culture fluid or concottrated

antigen from uninfected cells was reacted with rabbit ADV-7 antiserum. Tri

addition, no rtaction was seen when supernatant fluids from infected cells

were used. The reaction of AIW-7 antijin aod anitiserum, however# gave a

yiible prec~piteo at avrtm dilut, up to 1,160. it thus appeared thrt

the intigen-antibody reaction depended on the pre*snce of virus particles

and wa* independent ot h.>t cvll proteino.

V 4pe spocicity with rabbit antisteru__. The deonovirus gruip posseeses

' i sevral antigetnic structural ,ompotent5 which can be used in appropriate

tests to detect antibody to eithir group or ty$--: -'c antigeni. We

..eorminod MPT " '*ts for AOV-4 and -7 #ntigens roacting indpenadently

with 2-fold dilutions of ADV-4, -1 and I2 rabbit antitara.

The results of this experiment ire hoewn in Table Tye activities

of ADV-4 and ADV-7 antisera were 1:320 and 1:160. r-.*pvc'tivaly In tests

with houolo.gets antigenas and c1:10 in t. nts with heterologos ontigens or

in teSts with the #am dntigna against heterologous or nor"al s r3,
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TABLE I

Type Specificity of Adenovirus Antigen-antibody
Precipitin Reaction Using Rabbit Antisera

Reciprocal Titer ___

Ant igen ADV-4 Any-7 ADV-21 NRST

ADV-4 321f '10 '10 <10

ADV.-7 10 160 '10 -10

1. NRS -Normal rabbit serum control

In contrast, an experiment employing human sera in the NPT demcnatratod that

either antigen (ADV-4 or -7) could be used to detect a slgnificant antibody

rise in sera from patients recently infected with adenovIrus types 4 or 7

(Table 11).

TABLE I I

Croe-re-cdtvity tin human scra of AIIV,4 AndI -7
usiing both anklgets tn the MP'

?airvtu V1Iit~l 2-A-fold Rime' In MTfl Titer againnt

AADV-4

07 ADV-4 4

jt 9 f W. x 1 1r-

acate aid C vve,.,e;I *or* (taken 16 AY% Apart) fromA NT Patiolntal vvrf

dilti~ I10vith bffeg-ed salitit snd treAted vtth Cenvtron-113. S,,rial 2-folit

dilytionia aI 9ach serun voto test-ed for procipitatin ant Iboav agA1"t OtV-;

asitigpo. Sore (1:10 dglutloa) whld' wert msx with MtAliuvs In Viace of antti"Vo

oscottrota.

the au.sier o( vituo inolgitona ahd t)hv n W~i'r dft arona for who* .1

*14UitAAt IOCCOONe In antibedY vAM dtftt~otrated ihr CF tests. and/or NPT 4rv

jpr#earad Iti Table 111. A uoutlia lacn cost ea porfortse4 only Oien
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TABLE III

Comparison of Lit. Mt-i with thu CF Test 'Or thc L-.tect ion

of Adenovirus; Antibodies

No. of paired sera showing >4-fold
Virus ... JsJJin antbody titer bv:

No. Patients Isolation C

39q 39 30 37

is None 4 5

Total 57 -39 34 421

adanovirus was isolated witliout a concomitant rise in CY titer. The 57 cases

wevre divided into two groups: (0i virus isiolated; (2) no virus isoijied.

Adtenovirus van Isolated from Y) pAtients each demontrating o signlificsnc1 rise

in CF titer. Se'ra hopil 29 of these patiets Were poaitiVe by the 'in. Ani

C additional 9 patient.1 fro~ whomrus 4was iskl~oldd n- rise in CF titer.

Iwever, A o.f the 94 patients had 4ezntrAbte rives 6v netitralizat ion tent ind

XT,. m7 xinpiicanit rise in titer v~ atRte ini the. remainitl4 case by either

test. Four pazienite i o wthom nio virus wan isolatedL shtned a rime in both CF

ard prvecpitat lug Avit~tody. In additiou, vitr fro* one of the remaitinK 1A

pitients vito would be <fasdered negative for recent 4anoviro, infection h1w

(T recutiot. wa* Itostitive iwy thin 4M. It rann be ioen that the CF test detected

4n aintibody rise. in nera of 14 pttlettto. while the0 11f ahuaaed A ime in titer

In 4 .

Ift A Previous report (1), We introdured AnPanweto~oei

techniqwe* which towblned Airus precipitation.eeroptr~s and staining

for the detectlti of anitibody to toba-c:omoa virus. Tho pres-ent stdy

illustrates the Aptlicottvi-e of this itewioogicai teo for busan antibody

s ct*Ltlinq agAinst a selected viruis. in this C40s0. adestov -%s.

Wet obsecrved that huanr Sits conitain, in contract to svranima ses.

lipoprotoin subtaaies which r",ein at the origin ilter akvctroptore I.P-
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In the procedure described, false positive reactions result if these sub-

stances are not removed from the serum prior to Its interaction with viral

antigen. To accomplish this, we deveioped a relatively simple and efficient

procedure for extracting the serum wit' Genetron-113, jz fluoroc~arbon, which

removes the nonmigrating substances without observable effects on immuno-

globlins.

The specificity of the adenovirus antigen-antibody reaction was demon-

qtrated in initial studies in which an antigen prepared from normal KB cell,

failed to react with adenovirus Immnme serum. It was considered advisableI to grow the virus to be used as est antigen and for antiserum production in

different human cell lines %ii and HEK. respectively), thus diminishing the

pOeSibility Of reactions regultifng from host cell antibody. The requirement

for concentrated antigen was al~io evident from this t-xporiment; unconcetlnrated

tisste culture aupernatant from virus-infected cell~ did nut contain .4ufficient

antigen to elicit a posit'ive reaction with iamuno serum,

Vius type fipertficity w~q observ ition Ai)V-4 and A.DV-? anttgvnas were

reacted. with heo~typic and ho~rotypic rabbit immune oora, Thit finding is it

egrooaent with otheqr invast igatto.- (5), who Oi-monut rnted adenovirus tYpe

asvecificitY W~ A microtqcopfk agglotination teatq emoploying rabbit nir.

Th**O %torkers xtggqootd that typv apvecificity indicated tho. preuance of type-

ztijiM antigedo Intinatcly oa-4octitod with the suirface of 'ntzact .4t'nevirua

particlo* ad that disruption of thege particles increagod timir group

rteau tiviti iot a CY tea4t. tntorvrgtingWY. we wvr-t un;%le cc' dectsrisrrtV AdQ1no--

virtus typki Apv, iiitv when huzah icrux wa% em~lovmi in the 1fPT. The Jifferini

4attibOdy 'sNOOSeO Of rabhta and hkwAns obgorvod hervewmy he a reflection of

the vitrwa Mt±iC&PdbIlity of tthew 110.tt. Since 4drnowiruson Actierally do not

roptiaett to "ny Appreciable axtoenc in rabbito (6), It iq pc-sibIr thot

14uliciertt aroup *imtIgsV wasn AVSAl* ue for the stivmlaz ion of awibtdy

prv4uct ion. The vituattem Is probably more coctplv%. sincQ thet infectL-d humano

ay hae haJ 9oT)riao with antigoeu of other 4denorvirnoes prier to tna
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infection investigated in the current study, whereas the rabbits which were

immunizud were exposed to only one adenovirus serotype.

When precipitin and CF titers of paired sera from 57 patients with

suspected adenovirus infection were compared, the t. f appeared more sensitive

than the routinely used CF test. Of the 39 patients from whom virus was

isolated, a rise in CF titer was demonstrated in only 30, and a rise in

neutralizing antibody in 8 of the remaining 9. The MPT detected a specific

antibody rise in 37 of these 39 patients. We believe that these results

indicate that the NPt can be used successfully as a diagnostic proced-re and

should be : worthwhile adjunct to standard techniques employed in adenovirus

diynlosis.
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