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SPECIFIC AlIT1HEN FROPERTIES
OF XERATOCONJUNCTIVITIS EPIDEXICA INCLUSIONS

(Tests Using the Immunofluorescent Xethod)

Crvosi Hetlilap Dr. Peter Geck, Dr. Gyorgy Imre,
(wedlcal VWeekly) Dr. Imnre Korchmaros,
»o. 105, 1064, pages 439-441 Dr. Istvan ilasz, and

Dr. Pal Dan

Army DPublic ilealth and Epidemiological Statilon,
Budapest ledl -al School, Eye Clinic lio. II, and iilcrobiologioc-
al Instltute (ilonved Kozegeszsegug i es Jarvanyugyi Allomas,
2udapestl Orvostudomanyi LEzyetem, II. Szemklinika es liikro-
bioloi;ial Intezet)

Isolation of virus, serological tests and independent
exnericental infeectlons prove that keratoconjlunctivitis
epldenica (in the following: k.c.e.) 1s caused by adenovirus
type & (Javetz et al. (11), iitsul and Jaweta (12), Blettl
end 3runa (2), Litsuil et al. (17), QWilligan et al. {(23)).
Cther adernoviruses can cause similar diseases (Fowle ot al.
(5), Frozotti (6), Hdiebner and Rowve ("), Xaian and Beladi
{12), 4itsul et al. (17), iesckil (14), ‘lasz et al. (10), but
these may be differentiated on the basls of elinlecal 8l -ns.
Thlz was dezonstrateld durlns the course of the k.c.e. epldem-
ic that occurrcd in HImeary in 1)681-1252 (Leladl et al. (1),
wasz eb al. (20)). iasz et al. (19), and “orchmaros and Iure
(15) rerortcc on a triple laboratory inrection by type 8
adenovirus; typnical X.c.e. formed on both eyes of the infected.

Durdng the acute conjunctivitlis phase of k.c.e. char=-
aceterldovic inclusions rnay be zeen in tine eplthellial cytoplasm
0> tlc conjuncuiva (wWri-nt (20), znr ledden (22), iaumence
¢t al. (16, Sie-=-3oen=Lian {75, 25), Silva (27), Lepri (15),
aelzenn (7)), Isre et al. {10), and .ecsei (21)). The rela-
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tionshlip between the k.c.e. inclusions and the causative
a~cnt of the disease has not been established; 1t 1s unclear
waether they are 1ldentlcal vith agglomerations of virus par-
ticles, or whether they are zctabolic products resulting from
interaction between the virus and the host cell. In an in-
vestization of this question we applied the immunofluorescent
method described by Coons a..d Haplan (4). In a previoue re-
port we described demonstration of k.c.e. inclusion bodles

by the imwunofluorescent metiiod (Imre, Korchmaros and Geck
(3)). Using convaleacent scrim we established that the
%.c.e. inclusion bodlea have an antlgen character and that
tne ccrresponding antibodlies may be found in the serum of
patients convalescing from k.c.e. The object of this work
consists of lmmunofluorescent examinations made with immuno-
sera, oroduced in rabbits, against various adenoviruses.
Tarouzh these examinations we intended to prove the specifio
antigen nature of k.c.e. inclusion bodies.

aterlals and lethod

Collectinz Scrapings: Scrapings were taken by means
of a knife or brush from the lower overlapping fold of the
conjunctiva and from the nllica semilunaris reglon. The smears
were dried at room temperature, and were fixed for ten mlinutes
with methylalcohol.

Virus Strains Used for Producling the Immunoserum:
Izmunosera were produced against adenovirus strains 3, 4, 5,
6, 7, &, and 11. With the exceptlion of type 8 the virus
strains used were type-stralns, provided by Dr. Krech (Switz=-
erland) and Dr. Dreyzin (Soviet Union). The type 8 strain
was isolated in the course of the K.c.e. epildemliec in Hunprary
during 1961 and 1962 (Nasz ot al. (20)), and with the use of
type specilic immunoserum provided by Dr. Huebner (USA) it
was established that it belonpged to type 8. The virus anti-
men was produced on Detrolt-& tissue culture, and followlng
repeated freezing and thawing the cell remnants were separ-
ated fromthe virus suspenaion by centrifuging, after which it
was used for immunization.

Imnmunoscrum Production: Iomunoserum was produced in
rabbits by intravenous injectlon of a total of elpght doses
at weekly intervals for a period of four wecks. Immunization
vas besun with 1 milliliter of virus suspension, and the
glose was increased by one-hal{ milliliter up to a maximum of
thnroe williliters, wi:lch dose was continued. The rabblts
were sacrificedl by draining the blood eipht days after the
last innoculation. The immunosera were controlled with
complement fixing and hemagglutionatlion inhibition tests, and




partly with neutralization tests, and then were stored at
=10 dezrees Centigrade until used.

Immunofluorescent Stalning ilethod: The immunofluor-

escent staining method described by Coons and Xaplan (4)
was utilized. The smears were Stalned indirectly with &
hirh titer rabbit antiplobulin produced 1n goats, which was
ma.xcd partly with Lissamine-Rnodamine BE-200 fluorochrome

and partly with fluorescelnelsothlocyanate, according to the
zotnodsof Chadwick (3) and Rirms (24). The fixed smears
firat were processed with Unmarﬂed inaunoserum in a damp
ciramber for 30 minutes, and followin:; washing and drying
tiey vere brought into contact with carked rabbit antiglob-
ulin in a daup chacber for 30 minutes. This was followed by
washing and dryins again. The stained swpears were examined
with a Leltz fluorescence nicroscope, at 250 to 400 magnifi-
cavion. Blue licht was used.

Table 1.

On 1st=-10th On 10th-20th
ays of K.c.0. Days of k.c.e.

Conjunctival Scraping

Positive 88 (85 2) 7 (31.8 3)
Conjunctival Scraping .
Negative 12 (12 3) 15 (68.2 3)

Dn3alts

Scraplngs were taken from the conjunctiva of k.c.e.
patients on 122 occasions. In 2C cases two smears were
made at the sawe time, and in two cascs el~ht smears were
prepared. Gleusa staln vas uvsed in stalning 122 amoars.
Tae appearance ol the incluslous 13 shown in Table 1.

The %.c.c. inclusion bodles wero uniforuly stained
blue by the Iicmsa; they are round or oval in shape, and
aiways are iocated in the cyloplas: ol eplthelial cellas
(Fizures 1-4). Taese 1ancluaion bhodles also were *ound in
k.c.c. cascs caused by lalLorator,) iufection with t:pe & ad-
enovirus (i3, 17). A3 2 control, 20 other acrapin s of
conjJunctival fallnazations were cxanined, using Glewsa

astain, ..cludi » Iroa achte coaj'metlvitis cases, J curon=
ic con]n coivisia, 1 each {ror 2llov-ic contunctivitia and
bleriani oo, Jrn""'xulu an 1laris, 2 trachocatous conjunctiva,
1 vcnpa* 45 conjaaativa, I ueratltis herpetica, and 1 swmear

was wade Irou .« acaltiyy conjunctiva. Lo 1nclusion bodles
were fouad in auy ol these 20 cases, includlng the cases
clliinically considered to be trachoza.




GRAPEIC NOT REPRODUCIBLE
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FTlsures 1=-3. X.c.e. inclusion bodies in conjunctival
epithelial cells (Glemsa stain).

UKAPHIC NOT REPRODUCIBLE
Flrure 4. X.c.e. incluslion in corneal epithellal cell
(Giemsa stain).

Tor the purpose of immunoiluorescent staining scrap=-
in~s werec tcken on 38 occasions from the conjunctiva of 28
%.c.c. patlients. Tho course of the disease was typlcal in
all 2C cages, and typleal inclusion bodies were found in
all 22, using the Glenca stalned smears. In the course of
inmmvrnolluorescent staining 17 suears were wade with thne
type & adenovirus immunoseruiu. Zxanination under tie fluor-
escoence alcroscope revealed strongly I{luorescent formations
indicating a specific bond 1n the cytoplasw of individuval
epithelial cells in 15 of tiie 17 smears. Thelr shape, size,
locatlon and frequeney ol appearance corregponded to those
0. %.c.e. inclusion bodies. Thelr shape was round or oval,
&nd tiuie boréder 5" “Me cellular nuecloua generally appeared
concave in the viclulty of the lnclusions (Figures 5 and 6).
T.c contour of thc bodles and the cell nuclel was fairly
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rcadily distinsuishable, »»lmarily because of thelr auto-
fluorcseence. In geveral cases cells containing shapes with
Strong Tluorcescence indicatin~ the epecific bond were marked
oiT on the smear cund later stained with Glemsa. In every
case typieal inclusio: bodiss were found at the site of the
stronsly fluorescin~ foruation, exactly in the same ce”.1l and
¢t the same point (Figures 7-0 and 9-10). In no instance
w23 strong fluorescence indicating specific bond found in
thie cell nuclel.
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GRAPHIC NOT Re£LPRODUCIBLE
Slzures 5-6. X.c.e. inclusions in conjunctival epithelial

celle (immunofluorescent stalning, using type 8 adenovirus
iamunoserum) .
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GRAPHIC NCT DEER ORUCIBLE
Flrures 7-C, and 9-10. Identical colls or inclusion bodies
stained by the iruunofluorescent method (with type 8 adeno-
virus immunoscrum) and with Glemsa stailn.

A3 o control, immuncacra produced wlth other types of
cdenovirus were used in 21 cases. Iupunoserum of adenovirus
types 3, 4, 5, 6, 7, and 11 was used in stoinin- three smears,
cach, and tixee smears also were made wita nor.al rabbit serum.
T.¢ Glemsa=treated palrs of tue smears in thils cace also were
~.clusion=-positive. However, imrunofluorescent stalning was
neavive in all 21 casces. In no instance was strons [luor=-
cocence indicatlin~ spocific bond found within cells in the
contirol sucars. In view of tho fact that oelght scrapings,




cdch, were taken from the conjunctiva of two patients, we
were able to staln smears {rom the same patient with immuno-
gsera of types 3, 4, 5, 6, 7, 8 and 11 adenovirus, and with
Giczsa stain. 1In both series the s*ain was positive (typical
inclusion bodles could be scen in smears stained with Glemsa)
only in the smear treated with the type 8 adenovirus immuno-
seruz. As a control five smears made of other conjunctival
inflazmations also were stained with type 8 adenovirus immuno-
serum. o specific stalning was found in these contirol cases.

Conclusions

In the course of the k.c.e. epldemic in Hungary in
1961=-1962 characteristic inclusion bodies were found in 88
percent of conjunctival scrapings taken from first to tenth
day patients. The k.c.e. inclusion bodles may be well dis~
tiagulshed from trachoua inclusions, and cannot be found in
otner conjunctival inflammations, elther. DBecause of this
cxaninction of conjunctival scrapings may be well used for
thre purpose of differential dilasnosls. Throush ilmmunofluor-
cscencoe tests 1t was established that specific staining may
be observed 1n the cytoplasm of individual eplithelilal cells
in smears deriving from the conjunctiva of k.c.e. patients .
which had been treated with type 8 adenovirus immunocserum.
Tnese formations were strongly fluorescent, indlcating that
an antigen-antibody bond had been formed at the site. Their
identity with k.c.e. inclusions is proved by the following:
(1) The smears werc derived from the conjunctiva of patients
with typical k.c.e., and characteriatic inclusion bodies were
found in thelr paired slides that had becen stalned with Glemsa.
(2) The shape, slze, location, and frequency of occurrence
corresponded to those of k.c.e. inclusion bodies. (3) ¥hen
cells contalninn {luorescing foruatlons wore marked on the
slide and %tihe smear vas stained with Gilemsa, typleal inclu-
sion bodies becaze visible at the exact same points of the
sace cells, at the site of the fluorescing formation. (4)
Tae izaounofluorescent staining of incluslion negatlve scrap-
inzs also was negative.

Other types of adenoviruscs also have been cultured
from k.c.e. or c¢linically similar cases, in addition to
tyne £ adenovirus (types 5, 6, 4, 11, 1&, and 18). 1In con=-
Tormiance with thic, in the examination of the antigen spe-
cificity of the inclusion bLodies it appecared of intorest to
conduct control tests with types 3, 4, 5, 6, 7, and 11 adono=-
virus Lf:nunoscera. All ti.o tests perforaed with the control
cera vore ucsaitive; the incluslion bodles were not stalned
in tlic cases ol treatuont wltih heterolosous ilmnunosera. The
extraordinary senaitivity of the lmwmunofluorescent stalning
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mevi0d 1g 1ndlcated oy tne iact tawt oniy tae lnclusion bodies
o: sucars treated with trpe £ adenovirus immunoserum fluoresced.
Tiie above wnroves the similarity ol tue antisen propertlies of
tie incluslon wodies to the antison struction ol type § adeno-
virus, and indlcates tnat the inclusions in part or entirely
contalin pathosenic virus particles in addition to the pre-
scunce of any possible metabollic products. Thls agrees with
“ho observation that lnclusion bodles rarely may be found in
scrapinss talien alter the teath day of k.c.e. Small acldo-
2aylic cranules occasionally uway e observed surrcunding the
inclusion bodies. Fluorescence corrcapdponding to these forma=-
tlons was not found in any ¢’ the sncears, and thus we cannot
curstantiate the concept ol Gle-Zoen-Lian (26), to the effect
that these granules arc elcrentary pathosenic bodlies. Accord-
inz to the foresolng the 1usvnofluorcacent procedure enables
arly and rapid identification of the pathoren at the begin-
ning of k.c.e. epildemics, or in the initial phase of the di-
sease.

Summary: A Leratoconjunctivitis enidemle occurred in
untarr in 19561-1962.  Caarzcteristic incluslon bodles were
found in the epitheliczl cytonlasn ol &2 percent of the scrap=-
1a~s taken during the acute phase of the disease. Throurh
izzunofluorescent tests 1t vas established that these inclu-
slon bodies have speclific antisen propertles which conform
40 the entireniy nature of type 8 adenovirus,vwhich may be
cousidered as the malin pathorenic agent in this epidenic.
According to thls the incluslons of keratoconjunctivitis ep-
ideric partly or entirely contain the pathogenic virus par-
ticles.
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