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Adenovirus disease was diagnosed in 2 hr by staining exfoliated infected oro-
phan ngeal cells with flusrescein-tagged rabbit antisera to adenovirus types 4

and 7. The method was as sensitive as the standard virus isolation procedures,
but serological cross reactions were observed: Viral antigens were detected-in
both the nucleus and cytoplasm of infected cells. Infection was accompanied by
the outpouring of l?r;,c numbers of polymorphonuclear leukocytes and smaller
numbess of mononuclear cells. The method provides a mo.'el for the study of
the cellular response to viral upper respiratory disease.

With the advent of adenovirus vaccines and
the possxblhw of the use of chemotherapeutic
“agents for virus infections 5, 9, 10, 15), the
rapid diagnosis of infections causing acute re-
spiratory disease hecomes ever moare impor-
tant. Fluorescent antibody methods have been
used to detect in the tissues of patients a va-
riety of viral agents including influenza virus
(17}, Herpesvirus hominis (1), and loag-incu-
bation hepatitis virus (8), not to mention the
widespread application of fluorescent-antibody
techniques for the rapid dingnosis of bacterial
infections in a clinical setting. Furthermore,
flunrescent-aniibedy techniques have been
used to study the synthesis of adenovirus anti-
gens in tissue culture preparations (S, 14).

Recurring epidemics of adenovirus_disease in
a Marine Corps population have enabled this
laboratory to prepare and test fluorescent-an-
tibody reagents for the rapid detection of ade-
novirus antigens infecting oropharvngeal cells.
The fluorescent-antibody mechod described. in
this report shortens the diagnosis time from a
minimum of 7 days to 2 hr. The method is not
expected to replace the usual-isolation tech-
niques. However, it may find a use when there
is particulaf need for a rapid diagnosis in spe-
cial situation;: when chemotherapeutic agents
afe used, when a rapid shift in virus type has
occurred, or as a spot check-in a population
where the standard virus isolution methods are
not available such as in small communities or
at military bases having no virus leboratory.

389

MATERIALS AND METHODS

The methods for preparation and conjugation of
antisera have been described in detail (12).

Tissues. Continuous human epitkelial (i1Ep-2)
cells, HeLa-M cells, primary human embryonic
kidney (HEK), and “human embryonic fibroblast
cefls (WI-38) were maintained in Eagle minimum
essential medium supplemented with 2 to 5% heat-
inactivated fetal calf serum.

Virus prototypes. Adenovirus type 3 (strain
G.G.), adenovirus type 4 (strain RI-§7), and adeno-
virus type 7a (strain S-1058) were free from myco-
plaama contamination and were provided by Sylvia
Cunningham, Medica! Resources Branch, National
Institute of Allergy and -Infectious Diseases, Na-
tional Institutes of Health, Bethesda, Md.

Antisera. Adenovirus-antigens were prepared in
HEp-2 or HEK cells and specific antisera were pro-
duced in white rabbits (4). Preimmunization bleed-
ings were obtained by cardiac puncture. On day 1,
the rabbit was inoculated subcutanenusly with 4.0 ml
o7 undiluted adenovirus antigen emulsified in 4.0 ml
of compiete Freund's adjuvant (Difco); day 7,-1.0 ml
of undiluted antigen was inoculated intravenously
and 5.0 ml of antigen intraperitoneally; day 14. 1.5
ml of antigen was inoculated intravencusly and 5.0
ml intraperitoneaily::day 21, 2.0 ml of antigen was
irdculated intravenously and 5.0 ml.-intraperito-
neally; day 28, trial bleeding. Antiserd prepared-in
this way htered 1:5i2 to 1:2048 agdinst 10" median
tissue culture infective dose of type-specific a<:no-
virus by neutrslization.

Semlogy Rabbit serumsncutralizing adenovirus
antibodies were titered in microplates by the method
of Rosenbaum, Edwards, and Sullivan {Amer. Pub.
Health Ass. 97th Annu. Meeting, Philadelphia,
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1269). Dilutions of serum and virus were inctbated  wooden coffee stirrer (Fig. 1; Forster Mgf. Co., Wil-
at room 1.isperature for 2 hr ard applied with a  ton, Maine). Upithelial cells were smenred on cover
suspensior of HEp-2 cells to the wells of a microtiter  slips, fixed for 60 sec in cold acetone, and stained by
plate (U-shaped wells, Cooke Engineering). Neu. the direct method with fluorescein-tagged entisera to
tralizing antibody titers were read after 2 days of adenovirus strains. Fluorescein-tagged antisera were
incubation. used t dilutions of 1:2¢ to 1:30. As an alternative,
Adenovirus complement-fixing antibodies were B
detected in acute and convalescent sera from Marine Tapus 1. Results of staining adenovirus-infected
Corps trainces by the micromethod of Sever using 4 vropharyngeal cells with fluorescein-togged
to € units of antigen and 2 ur‘ts of complement (16). adencvirus antiserum
Fluorescent-antibody conjugates. Globulins i
were prepared from the hyperimmune rabbit serum ! T Thruat
vy precipitation with coid 3.52 ¥ {NH,),80, (6). : Adenovirus scraping
Ammonium sulfate was removed by dialysis against ‘ Huwpi- complement- | stained with
0.15 M wodium chloride. Total protein, slbumin, and - _ = @] o o fixation conjugate
globulin were assayed by the hiuret method. Patient } or “.’“'; isolation against:
Purified globulin suspended in .15 ..odium chlo- m(a;n Con- | Adeno-| Adeno-
ride was diluted in 0.5-M pH 9.0 carbonate-bi- Arvie | vales-| virus | viras
carbonate buffer so as to contain 10 mg of protein cent | type 4] type 7
globulin/ml of solution. Fluorescein isothiocyanate -
isomer f (FITC, BioQuest, Division of Bevton, Dick- GSK H | Ad7 |[NT| NT.|NT.| +
inson, and Company) was added to the globulin sus- CQF O | Add |<1:2 | 1:64] + -
pension a¢ & ratio of 0.02 mg of FITC/mg of protein RJS O | Ad4 | 1:8)::8F - +
globulin. After incubation of the reaction-mixture, MM: O | Ad4 INT. [ WT.{ + -
excess unconjugated FITC was removed by dialysis. JML 0 | Ad4 [<1:2 | 1:64] + -
Fluorescent-antibody conjuzates cross-reacted PRD H | None | 1:8] 1:64| + - b
with other adenovirus types in vitro unless they were LWW | H [ None | 1:4.] 1:32| + - .
firs* absorbed with HeLa-M cells at a concentration RS H | None | 1.4 I'1:64| - +
of » ml of packed cells/3. ml of FiTC-conjugated an. LCP O | Nore [<1:2 | 1:64] - -
tisera as was done. Preincubation of antigen with SMM | O | Non~ | 1:32f 1:32] - -
unconjugated specific antisera blocked specific DEF O | Non: | 1:82f 1:32] + -
staining by fluorescein-tagged antisera. NG O | None | 1:8]1:8| + -
Fluorescein-tagged antisera were titered in the
usual fashion by the direct fluorescent-antibody  * N.T.: Not tested.
staining method. Target antigers were Hela-M cells
infected with the appropriate adenovirus type. In.
1ected cells were removed to cover slips, stained, and
mounted on microscope slides in Elvanol (Du Pont)
-{12). Stained cells were examined for fluorescence on
a Zetopan research microscope using a 3.0-mm BG
12 exciter filter and a GG 9 or GG 13 barrier filter.
Trainees. A total of 37 Marine Corps trainees
were studied with oropharyngeal scrapings and-a
throat gargle for virus isolation. Acute sera were ob-
tained from all trainees; however, because of con-.
© flicts in training, convalescent sera were studied
from only 10 trainees. The group on which studies
were essentially complete included four traineés :
hospitalized for acute respiratory disease and eight
treinees seen as outpatieats for ccute respiratory
disease (ARD) (Table 1). .
" Trainees were studied between 13 and 23 March
1972 during the final stages of an adenrovirus type 4
epidemic. From 6 March until 31 March 1972, 27
trainees were admitted to the hospital for acute re-
spiratury disease and adenovirus type 4 was isclated
from 15 of these men. During the same period of -
time; 175 trainees were seen at the dispensary for
ARD, and adenovirus type 4 .was isolated from 25 of
these men. The Virology Division isolated adeno- E P
virus type 7 from only one man during the period B L g A, et : -
from 13-23 March. Fic. 1. Method for ubtai.ang epithelicl cell'scrap-
Isolation and identification of adenovirus from the  ings in the field. Erythema was frequently the only
infected trinces have been described (18). Orophar-  physical finding upon cxamir-..ion of the vropharynx
yngeal cells were removed by scraping with a  of odenovirus-infected trainces. -
. - -~ T, Sl ottt St et ne:

4

s 2 04 2

;

N b




Vo 24, 1972

epithelial cells were smeared on a microscope slide,
fixed in ethyl aleohol. and sained by the method of
Papanicolam (13).

RESULTS

Detection of adenovirus antigens. Table 1
includes the data of the patients from whom
serological and fluorescent-antibody studies
were complete. Fluorescent staining detected
adenovirus in cells from 10 of the 12 trainees
tested, and virus was isolated from five of the
trainees. In four trainees the same adenovirus
type was detected Ly both isolation and fluo-
rescence; however, in one instance the adeno-
virus type was incorrectly idemified by fluo-
rescence. Epithelial cell scrapings were re-
corded as negative from trainee LCP, even
though a complement-fixation test indicated
that adenovirus disease had been present.
Adenovirus type 4 was isolated from patient
.CQF on tws occasions separated by a 7-vay
period. The scraping was pesitive for fluores
cence oniy at the time of the second dispen-
sary visit.

Two additional trainees (DEF, NG) demor -
strated positive fluorescence even though the.e
was no fourfold rise in complement-fixing anti-
bodies and no virus was isolated. Similarly,
one patient (RJS) shed virus and demon-
strated fluorescent epithelial cells in the ab-
sence of a fourfold rise in antibody.

Fic. 2. Autofluorescence of polymorphonuclear leukocxtes in prapam:liens of scrapings from the infected
oropharvnx. This type of green fluorescence can sometimes be confused with the specific fluorescence of
stained adenovirus-infected cells, Glycerine, x660.

PATHOLOGY OF INFIXCTED OROPHARVYNGEAL CELLS 91

Pathology of the inflammatory re ponse.
A large _number of leukocytes were admixed
with the epithelial cells obtained by scraping
the oropharynx. The lenkocyte response con-
sisted mainly of pelymorphonuclear leu:
cytes, although rare mononuclear zells were
also seen. Inflammatory cells were present in
greatest numbers in the hospitalized trainces
in whom severe and sometimes exudative
pharyngitis occurred. Increased numbers of
jeukocytes were associated with increased de-
struction and alteration of epithelial calls. and
an increased amount of cellular debr’s was
present, some of wh h demonstrated specific
staining for adenovirus antigens.

Polymorphonuclear leukocytes emicted
bright nonspecific autofluorescence when the
epithelial -cell scrapings were examined under
the tluorescence microscope (Fig. 2). Polymor-
phonuclear leukocytes showed bright green
fluorescence regardle ~ of the specificity of the
conjugate which was applied, and fluorescence
occurred in-the complete abserce of epithelial
cell staining. It became important to differen-
tiate on morphological grounds leukocytes with
antofluorescence from epithelial cells with spe-
cifically stained intracellular adenovirus anti-
gens, Furthermore, we could not exclude the
possibility that some of the leukocytes had
ingested or were infected by adenovirus anti-
gens and were stained because they contained
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392 McCORMICK, GALAPON, AND BERLING

such material. Studies with rhodamine-tagged
antisera would have evaluated this possibility,
because the leukocytes would have emitted
green auiofluorescence. whereas rhodamine-
tagged antisera would have stained viral an-
tigen red. :
Pathology of infected epithelial cells. Epi-
thelial cells scraped from the oropharynx of
infected trainces demonstrated a cytopatho-
genic effect typical of adenovirus-infected
tissue culture preparations. A striking feature
was the similarity between the appearance of
clusters of round cells in both the natural
infection and in the infection of cel! mono-
layers in tissue culture. Clusters were noted in
both Papanicolaou-stained (Fig. 3} and fluores-
cein-stained (Fig. 4) preparations from the
throat screpings. Infected Papanicolaou-
stained cells were cheracterized by eniarge-
ment of the nucleus, lighter staining of nuclear

- material, and shrinking of the cytoplasm until

it formed a narrow ring around the nucleus.
Contrast adenovirus-infected epithelial cells
(Fig. 3) with scrapings from the buceal mucosa
of a volunteer who was uninfected by adeno-
virus {Fig. 5).

Adenovirus antigens appeared in the nuclei
of epithelial cells in the form of 10 to 25 gran-
ular clusters (Fig. 6, 7). In other celis the entire
nucleus was filled with antigen (T3, 8). Fi-

nally, cells wese seen in whicr: the staining was _

Fi16. 3. Small cluster of exfoliated epitheliai cells showing adenovirus cyt.pathogenis effect. Papanicolaou-

stained. Magnification, «<430.

e e e - - a . —— .

App. Microstol.

confined chiefly to the cytoplasm with little or
no nuclear staining (Fig. 9). As the antigenic
material in the rucleus increased and eventu-
ally entered the cytoplasm, the cell nuclei in-
creased in size and the cytoplasm became iess
prominent. Cells at all stages of infection were
noted in the same individual; however, cells
with cytoplasmic viral antigens were found
several times more often than cells with dense
nuclear staining.

DISCUSSION

Fluorescoat-antibody methods were capable
of detecting adenovirus antigens in epi.helial
cell scrapings obtained from infected Marine
Corps trainecs. In trainees in whom studies
were cemplete, the fluorescent-antibody tech-
nique demonstrated virus at approximately the
same f{requency as standard virus isoldtion
techniques (Table 1);-however, a major dise. ’-
vantage that wili require further work wi h

various dilutions of tluorescein-tagged antisers.

is that conjugates were iiot-completely specific
for a given adenovirus type. Furthermore,
there is also the possibility that fluorescein-
tagged adenovirus antiserum might stain ceils
obtained from trainees naturally intected with
other viral agents such as coxsackie A-21, par-
ainfluenza, or influenza strains.

After reagents were prepared, the fluores-
cent-antihody method had the advantage of
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Fic. 1. Cluster of adenovirus-infected epithelial cells similar to Fié. 3 eicebt'that staini;ig is with fluores-
cein-conjugated adenovirus type 4 antiserum diluted 1:20. Glycerine, x600.

Fi6. 5. Papanicolaou-stained ~ropharyngeal spit=clial cells from an uninfected volunteer. Note the small,
denze nucleus. and the large arca accupied by the ¢y -oplasm. Magnification, x430.

4

L
i

=2
=
5
k4

A

B
!
it

LA ot ot &Mmhzh

o i VAR,

-

(s
Pl

L )

3
k4
E3
3
i
2
=
=
2
=
3
=3
3
e
¥
=
2
o




394 McCORMICK, GALAPON. AND BERLING

AppL. Microntor.

Fia. 6. 7. Fluorescent nuclecr granules of adenovirus type 4-infected human epithelial cells. The increased
nuclear-cytoplasmic ratio indicates that the cell in Fig. 6 appears to be at a slightly more advanced stage of

infection than that of Fig. 7. Glyccrine, x 600,

rapidity, since a diagnnsis could be reached
approximately 2 hr after a scraping was ob-
tained. whereas the usual methods required 1
to 3 weeks before virus proliferation caused a
cytopathogenic effect in tissue culture and
before virus neutralization could be carried
out. Tha cost of cover slips, micrascope slides,
and reagents for fluorescence microscopy was

small as compared with tissue culture tubes,
media. 8ud neutralization plates required by
the standard procedures.

It was of additional interest that Papanico-
laou-stained scrapings demonstrated a cyto-
pathogenic effect similar to that seen in labo-
ratory tissue cultures infected with udenovirus
strains. It is pessible that a rapid presumptive

o
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y 716, 8. Two adenovirus-infected cells showing intense specific nuclear staining for adenovirus type 4.
‘ Glycerine, x600. )
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1 Fic. 9. Clusters of adenovirus-infécted cells in which viral antigen appears mainly in the cytoplasm. This i
1y pe of staining was seen more frequently than nuclear staining., Glycering., v 6. £ - -
. =
: diagnosis of adenovirus disease could be ob-. Of particular interest was the cellular in- 3
' tained in a large propostien of patients by the  flammatory response which accompanied pha- B ;
- examination of Papanicolaou-stained, exfo- ryngeal adenovirus infections. lLeukocytes 2
[ liated, oropharyngeal cells. This likelihood probably play a role in the immune response ‘i
should be evaluated if future epidemics oceur.  to viml respiratory disease. These authors and 7
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many others have suggested that surface
neoantigens induced by intracellular virus
infection may induce a cellular as well as an
antibody-mediated immune reaction to virus-
infected target cells (K. Hayachi. J. D. Rosen-
thal, and A. L. "Wotkins. Abstr. Ana. Meet.
Amer. Suc. Microbiol., p. 235, 1972; references
sand 11). It is possible that the inflammation
present in the respiratory passages of patients
infected with lytic viruses, such as adenovirus
types. may in part be due to the interaction of

specific antibody and sensitized immune cells -

with virus-infected cells. Notkins and co-
workers have demonstrated that surface
neoantigens coded for by the genetic material
of intracellular virus induce an antibody-me-

diated immune response which results in the

destruction of infected cells even before virus-
specific cell lysis had taken place (K. Hayashi,
J. D. Rosenthal, und A. L. Notkins. Abstr.
Ann. Meet. Amer. Soc. Microbiol., p. 235,
1972; reference 3). Studies in this labomatory
have shown that pre-existing scrum immuno-
globulin G and A molecules enter the nasal
passages during acute adeaovirus disease. £pe-
cific antibody an:d complement componenis
reacting with intected cells as well as with ex-
tracellular virus may release factors which
promote the accumulation of inflammatory
cells in the nasal and pharyngeal passages.

The predomx nant leukocyte present in the
scrapings was the polymorphonudqar teuko-
cvie. «ad there were only a few monocytes and
lvmphncytes present. Clyde has described a
leukocyie response to experimental Myco-
plasma pneumoniae infection in Syrian ham-
sters (7). Polymorphonuclear leukocytes
formed the predominant cell-mediated re-
sponse beginning 9 days atter infection. After 2
weeks lympliocytes and other mononuclear
cells entered the bronchial spaces in large
numbers. A characteristic phenomenon was
the formation of “‘rosettes”™ of immunocytes
around epithelial cells which:were also charac-
teristic of the response when leukocytes were
cultured in vitro, Clyde postulated. that such
rosettes might be presenf in sputa obtaind
from patients witn M. pneumoniae pneu-
monia. His studies of M. pneumoniae disea;e

in hamsters, combined with the observation «f:

s cellular response to adenovirus disgase in
war, should prompt further evaluation of cel-
sy immunological responses in adenovirus
intections. In particular. it would be iater
esting to sce whether the convalescent stages
of adenovirus disease are assacinted- with an
increased number of monenuclear lepkocytes

AvpL. Microstor.

in the pharyngeal scrapmgs or ngsal wash,

This study clearly confirins earlier work
whie!s descriFed the distribution of intracel-
lular antigen in adenovirus-infected cells (2,
14). The later stages of adenovirus infection
in vitro were associated with large numbers of
cells in which antigen took up residence pri-
marily in the cytoplasm. In this study, adeno-
vnrug antigens were located most frequently
in the cytoplasm of cells which were obtained
from the oropharynges of infected trainees.

After inoculation of-throat gargle specimens
onto tissue for virus isolation, epithelizl cells

~are frequently seen fleating in the media. This

study indicated thai such evithelial cells may
be filled with virus. Single adenovirus-infected
cells have been estimated to contain up to
20.00C infectious virus particles (14), and it is
these “packages™ of virus which may provide
the bulk of: the infectious virus parucles ob
tained in 2 throat gargle specimen,
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