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T A wmicreprevipitatin tawr (M) far the detdweisa of adeno-
virus Jntibodv hex been dovelaped. Yhe rew procedurs combines
precipiratios o¥ Virus particles with upacific an<ibody, separa-
tion of ynyasclosd eorgronenis from the regulting elaccroneutral

- vivas-antibody souplones by aiecerophoresis, and dérection of

“these complenes wivh a pealein siyin, Type-dpeciflc antibody
was detsured in waliddl uncimers but, .ular »ixtlay cenditions,

“angihody {n coneclesdent humen sere reswted with adenovirus
an-igeng oy typex ¢ and 7. Palired g3va from 57 patients with
guspacted sdenovivis dnfevtion were swpained for significant
rises in-suribsdy activity by the mic¢roprecipitatics test and
by complageat figapiom.

R
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- The definivive diagnosis of disedasns of vires etiology depends upon

virue tsolation or demsusivatioa of the pvesence of antibody specific to a

known virus satigen.

We recently described a praceduxe_fl) foxr detectisn of antibody to
. B ’
tobacce musalc virus whidh utiligod micenprecipitation and electrophoresis.

Thesa> studies have been extended Io detormine the applicability of this

sicrerrucipitatton test (MFT) to Che assay of human antibody to selected
virusps. This repert describes the cataction of antlbody in the sera of :

patlvats subsequent to wdcoovirus fufectlon.

>
AR A e

. Methods

Antigen preparation. The sdenovirus antigens used In this study were
prepared by a modification of the method of Green and P'- - {2). Roller bottle
(Bellco Glass Inc., Yineland, NJ) cultures of the human epitheltal cells,

strain Kb (Flow Laboratories, Rockville, M) ware inoculated with 10 ml of
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38 Antibody Detection by Microprecipitation Vol. 15, No. 1

medium 19" with Earle's balanced salts containing approximately 103 to 104
Tcn50/m1 of either ademovirus type 4 or type 7. After adsorption for 2 hr, an
additional 90 ml of medium were added; the culture was then rotated at 8-1/3
rvev/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 veplaced with 10 ml
of 0.01 M tris-HCl buffer, pH 8.1. Intracellular virus was liberated from the
cells by freezing und thawing three times. Hedium 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 (Gemetron-113) (Allied Chemical Co., Morristown, NJ) in
a blender for 2 min at &4 C. The homogenate was then centrifuged at 1,006 x g
for 10 min tc separate aqueous and organic phases. The top aqueous phuse was
collected and tite extraction with Genetron repeated until three distinct layers
were visible: a top aqueous layer and & bottom organic layer separated by a
thin milky, gelatinous interface. The virus in the aqueous layer was banded
ontae a CsCl cuihion (density = 1.43) by centvifugation at 60,000 x g for 90 win
at 4 C 1n a SW 5.1 rotor (Beckman Instruments, Inc., Palo Alto, CA). Human
serus albumin was added to a final concentration of 0.1 g/ul to 10 ml of
banded virus and the mixture dialyzed overnight against 400 volumes of 0.01 M
tris-HCL, 0,15 M NaCl buffer, pH 8.1. The concentrated virus preparation was
dispensed in 1,0~ml volumes and stored at -70 C. Immediately before use, the
virus preparation was filtered through a 1.2 um pore size Swinnex filter
(Millipore Corp., Bedford, MA). Dilutlons of each virug lot were tested
against both normal and immune rabbit and human Bera {n the MPT. Since <ones
of inhibitton ware not detected, ve chose for routine assay the greatest dilu-
tton of v{rus resulting in an undiminished precipitate when reacted with {mmune
serum in affective excess. A control antigen was prepared from uninfected KR
cells as deascribed above for adenovirus antigens.

Sera. The acute and convalescent sara used were from suspected adeno-

S

virus patiocuts and had been assaywed for ancibody activity in complement
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fixation (CF) (3) and neutralization (4) tests. These sera together with

virus isolation and serolegical tes: results, were generously supplied by
Fourth U. &. Army Medical lLaboratory, St. Louis, MO and Walter Reed Army
Institute of Research, Washington, DC. The type-specific rabhit antisera
employed in the initial experiments {(Crand Island Biological Company, Grand
Island, NY) were prepared by serial immunization with virus grown in primary
sultures of human embryonic kidney (HEK) *'s. 1In the initial attempts to
«mploy human sera in the MPT, it was éemonsctu“ed that a significant number of
sera contained an electroneutral component witich rusulted in "false™ poe{civek '
reactions. In attempts to eliminate these substauces s variecy of procedures -
were evaluated. These included treatment with heparin-Mntl,, kiclie and~i
Genetron-113. Ounly Genstron-113 elimivated the “false" reactions without
slgnificant loss in antibody titer sud wus employed Toutinaly. The follmwing
describes the procedure used. 7Ths Yuwest dilution of serum belng tested -
(usually 1:10 or 3:20) was eqtractad for 19 or 15 #ec with congtant atirring

in 5 volumes of Gewetron-113, ‘fhe mixture was centrifuged at 1,000 x g for

5 min and the tep aquevus phase {gsevum} sapirated and passed through a 0.22 um
pore aize $winnan fiicar to remove particulate material. No decreasa i

levels of IgM, IgG, IgA or complement was deteciad by the Immunoplaie aassy
(Hyland, Conta Mesa, CA) after troaiment of serua i1 this sanner.

Derecelon of precipizaring swtibody. The micraprecipitation tost has

been describes (L). Equal volumes of ndenovirus antigen and sacvum dilutions,
preparsd {n 0.1 M Hepes (Plerce Chemical Cs. . Reckford, I1.) buficred normal
saline, pi 7.2, were mixad in a Microtitor plate (Microblologiecal A»Qucintes,
Bethosda, MDY. The plate wes placed at 37 ¢ for ' hr followed by overnight
incubation st 4 &, After incubation, 10 ul of sach ant gon-gerum wixture

was applied to the cathwde ond of a 1 x 3 inch colluloe acetate plate (Helena
Laboratories, Boawsont, TX) proviously scaked fa trig-barbiital buffer (pi §.4,
{onic atrength 0.05). The platsa were electeophorezed for 15 win at 220 v in

4 vhambor (Shandow Sclentiffc Co., Bawtckly, PA) contalning tris-barbital
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buffer solution and were subsequantly fixed and stained for 15 min in
Ponceau-S stain dissolved in 7.52 trichloroacetic acid, The plates were
ringed in 2.0X scetic acid to remove excess stain, air dried and examined for
elliptical precipitates at the site of sample application. Controls céneisted
of: (1) antigen plus saline, positive and negative control sera; (2} test
serum plus saline; (3) test o :rum plus mormal cell antigen. All contrnls were
tested concurrently with the antigen~test sera mixtures.

Results

Specificity of the precipitation reaction. To determine the role of

contaminating cell antigens in the NPT, the antigen prepared from uninfected
KB cells was tesred slong with supernatant flulds from infected and uninfected
cells. Adenovirus 7 (ADV-7) anrigen served as a pogitive control.

No precipitation was observed when ce.. culture fluid or concontrated
antigen from uninfected cells was reacted with rabbit ADV-7 aatiscrum. In
addition, no reaction waa seen whon supernatant fluids from infected cella
wvore used.  The reaction of ADV-7 gnrigen sad antiserum, however, gave a
738ible precipitate at serum dilutinn: up to 1:160. it thus appeared that
cbé ant fgen-ant thody react lon dopended on the presonce of virus particles
and was 1ndependent ot hoet cell proteine.

Type specificity with rabbit antiserum. The sdenovirua group possesacs

sevaral antigenic structural ~omponanty which can be used in appropriate
toets to detact antibody to either group or type-~ui+r-"ic sutigone. Weo
detormiued MPT acu. '*tios for ADV-4 and -7 antigens reacting independontly
with 2-fold dilutions of AUV-4, -7 and -2X rabbit antimera.

Tha rvesults of this expariment are shown {n Table I. The activitles
of AlV-4 and ADV-] antisera were 1:320 and 1:160, respectivaly In teats
vith homologous antigens amd <1:10 in teats vith hatorologous sntigens or

{n tests vith the same antigens agalnst heterologouws or norsal sera.
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TABLE 1

e AN STERIEETE

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

Reciprocal Titer

Antigen ADV-4 Abv-7 ADV-21 MRSt
ADV-4 32r <10 <10 <10
AbV-7 <10 160 <10 <10

1. NRS ~ Normal rabbit serum control
In contvast, an experiment employing human sera in the MPT demcnstrated that
either antigen (ADV-4 or -7) could be used to detect a slgnificant antibody
rise {n sera from patients recently {nfected with adenovirus types & or 7
(fable II).
TABLE II

Crogp-peaceivity in human sera of ADV.4 and -7
using both antigens {n the MPT

Palred ™ Virw T MeTold Ring i WY Titer agaioa
Sora tsolated ADV-G )
ogh CAbV-L .

W ADV-7

151 ADY-4 .
1ns ADV -7 +

e fe & St T A -

Comparigon of the HPY and the cewplesent fiaatlyn ((F) rest. Falred

‘acute and convales.ent sora (taken 16 davs apart) from ST patfenls were

%

diluted 1110 with dufiered salliae and tresced with Cenetron-l113. Serlal 2-feld

5

difuttoni of each serum wore tented for precipltating antibody againet ADV-?
antigen. BSere (1:10 dilution) vhich were ufxed with saline in place of antigen
served a9 coatrols,

the aumber of vivus {solatlons and the numlior of pecsona for whom 3
sigaificant facreasa in antibody war desenatrated by OF ests and/or NFT are

preseatdd {u Tableo 111, A veutralization tent war performed only vhen
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TABLE ITI

vomparison of the MPFi with the CF Test [or the Coiection
of Adenovirus Antibudies

No. of paired sera showing_gﬁl?ETE

Virus . rise in antibody titer bv:

No. Patients _ Isolation cF MPT
39 39 30 37
18 None 4 5
Total 57 39 34 47

adenovirus was {solated without a concomlitant rlse in CF titer. The 57 cases
were divided {nto two groups: (1) virus isolated; (2) no virus isoiated.
Adenoviruas was isolated from 30 patieats each demonntraring a sigatfivant rige
{n CF titer. Sora from 29 of these patisats were pusitive by the MPT, An
additional 9 patients fror vhom virus wax izelated had o rvise ia CF tlcer.
However, 8 of the @ pationts had dosonsfrable vises by neutralization tosr and
MPT: na significant rire {n titor wag noted o the remalaiug came by elther
tot.  Four patienta ! on vhom no virus was taolated whowed a risc in both OF
ard precipitating antibady. 1o addition, xefa frow one of the vemaining 14
pationts vho would be cansidered negative for recent agenovitus fnfection by
CF veeults, wax pomitive by the MPT. It can be seen that the CF test detected
an antibody rine in sera of WK paliznta; while the NPT ahowed a tknv th thtor
tn 92,
Discussion

n a previous tepart (1), ve {(atroduced an fmaunoeloctrophatetic
technique which combined sirue precipitation, electrophopesis, and ataining
for the detection of antibady to tobaccoe mesaic virum. The present stuwdy
{liustrates the applicattiva of this ismunological tesl for buman antibody
serecning apainat 3 selectod virus, tn this cano, adenov' us.

we obgcrvﬂd that human séra contain, {n contrart tu moat anisal sera,

lipoprotein subatances vhich recain atf the oripin aftoy olvctrophoronin.

" as -
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In the procedure described, false positive reactions result if these sub-
stances are not removed from the serum priocr to its interaction with viral
antigen. To accomplish this, we deveioped a relatively simple and efficient
procedure for extracting the serum with Genetron~113, a fluorocarbon, which
removes the noomigrating substances without observable effects on immuno-
globullas,

The specificity of the adenovirus antigen-antibody reaction was demon-
strated in initial studies in which an antigen prepared from normal K8 celle
failed to react with adenovirus {mmune serum. It was considered advisable
to grow the virus to be used as rest antigen and for antiserum production in
different human cell lines (KB and HEK, respectively), thus diminishing the
possibllity of reactions resulting from host cell antibody. The requirement

for concentrated antigen was also evideat from this experiment; unconcentrated

tissue culture supernatant from virus-fnfected cells did not contain sufffcient
antigen to elicit a posftive reaction with immung sevum,

Vivys type spectficity was obsurv  shen AD-4 and ADV-] antigens were
i roacted wirh homotypic and hoteratyplc rabbit {omune sera. dhis finding {s in
agraemont with other fuvestigaters (%), vhe demonstrated adepovirus type
apecificity ju a wicroscapie agglutination tesc emploving rabbit aniisgera. i
These workers sugRested that type apocificity indlcated the presence of type-
gpeuific antigedr intimatcly assoclated with the syrface of ‘atact wdenovirus

particios and that dfatuption of thexe particles increased thelr group

b il NI PN

reactivity da a TF text, Intercsetingly, weo were unable o destnstrate adeno-

N

; virus type spucificity vhen human sSorum vas eeploved {n the NPT, The differens

e

ant ibody vesponsed of rabbdits asd humans cbaervod here may be a reflection of

the vitus susceptibllity of theis hoate. Since adenovirusen geasrally do not

3 replicate Co any apprecisble gxtent In rabbite (6), {t (s posaible that
¥

insufflciont group antiges wvam avallanie for rhe stimulation of an~{bady

) : preduction. The sftuation fa probably acre coaplex #ince the {nfectod humana :
3

asy have had experionay with antigens of other adecoovirmies prior to ine
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infection investigated in the current study, whereas the rabbits which were
immunized were exposed to only one adenovirus serotype.

When precipitin and CF titers of paived sera from 57 patiemts with
suspected adenovirus infection were compared, the tu [ appeared more sensitive
than the routinely used CF test. Of the 39 patients from whom virus was
jsolated, a rise in CF titer was demonstrated i{n 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 MPT can be used successfully as a diagnostic procedunre and
should be 2 worthwhile adjunct to standard techniques employed in adenovirus
diagnosis,

Acknowledguments

The authors are indebted to LTC D. Learnard anad MAJ B, Dudding for the
gunerous supply of adenovirus acute and convalescent - era.

Wo thark Francis E. Cole, Je. for hig heipde) g rcunsion during tho
study and {or reviewing the manuncript.

Referencoes

L. M. N LEYETT, K. R. AMSLER, and R. ¥. MCKINNEY, Appl. Microblol. 22 14)-
163 (1971).

2. M. UREEN and M, PIRA, Vigulogy 20 199-207 (1963),

1L L. SEVER, J. lsmunol. 88 120- 179 (1962).

<o HM.OROSE, in Blagnostfs Procedures for Vival and Rickettstal Diseases,
Ath ed., E. H, Lennette and N. 1. Schatdt, ods,, p. 209, Amacican Public
Health Asnociation Inc., Xew York (1969).

3.0 K. 0L SMITL M, TROUSDALE, and W. CENLE, 1. (msunol. 95 810-Ri7 {1963).

6. M. S, GINGBERG and 1. M. DIRCLE, fn Virval and Rigkettafal Infect fona of

Man, 4th 4., F. L, Rornfall, Ir., and 1. Tams, ods., p. 880, J. B,
Lippincott and Co., Philadelphia {196)5).




