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SEIFIC A11TNEIJ italsriEs
OF KEiRATOCONJUNCTIVITI S EPI DE.MICA INCLUSIONS

(Tests Using the lar~n~unofluorescent 'method)

Orvosi lietilap Dr. Peter Gocic, Dr. 'lyorgy Irnre,
t.Medical 'w.eekly) Dr. Irnre Korchmaros,
:;o. 105, 1964, pagres 439-441 Dr. Istvan Nasz, and

Dr. Pal Dan

Army 'Public Health and Epidemiological Station,
Budapest Meledi-al School, Eye Clinic ;0. II, and '.Icrobiologia-

a). Inttilne oeeszsegn,;g.-i es Jarvanyugyi Allomas,
7Tidapesltli Orvostudomanyi Ek,,yetern, II. Szemklinika es 1--1ro-
biolo;ýIai Intezet)

Isolation of virus, seroloFIcal tests and Independent
axie.-izental infections prove that '%eratoconjunctivitis
epidemica (in the followiniý: ik.c.e.) is caused by adenovirus
type C (Jawetz et a).. (11), :Xitsul. and Jaweta (1C), Bietti
and 3rur~a ( 2), :..itsul et al.. (17), juilligan et al.. (23)).
Other acienovirliaos can cau~se sirnilar diseases (Fowle at a)..
(5), Fro~zotti (6), Hi~ebnei' arid Rowe ("), Yahian and !3eladi
(12), :.:itsui at al.. (17), ::osclki (IiA), ::'aaz at al.. (10), but
t".cno 7ay be cdiffcrentlateci on the baculs of clinical oi~na.

Th ;s cosliol2ui-te course of the 1,.c.e. opliden-
Ic that occurr:'e In 11-n-,ary in 15-Y (:3eladi at al..()

.az t al.. (20)). X.asz et a).. (19), and 'Corchrnaros and Iisre
(1-)) roportca on a triple laboratory Inf'ection by type 8
adenovirus; typical X.c.e. formed on both eyes of tlie Infected.

D'irin3 the acute con~junctivitis phase of k.c.e. char-
acteriatic i Jlusiona r.ay be :;ccn In thie epithe.ial. cytoplasm
o7 Lthe ccnjunctiva (:i-t(2k), ziur .*edden (22), i*:au~enoe

-f.;,~ann (7), I;-,ro et al.. (10), and :;.ocso. (21)). The rola-
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tI~onahip between the k.c.e. Inclusions and the causative
a-cnt of the disease has not been established; it is unclear
w.iether they are identical -.'it'i aglomerations of virus par-
ticles, or whether they are ietabolic products resulting from
interaction between the virus and the host cell. In an in-
vestig-ation of this question we applied the immunofluorescent
method described by Coons a-d Kaplan (4). In a previous re-
port we described demonstrntion of k.c.e. inclusion bodies
by the Imnunofluorescent met;iud (Imro, Korchmaros and rxeck
( T)). !Ising convalescent scrum we established that the
li.c.e. inclusion bodies hav nfn antigen character and that
the corresponding antibodies may be found in the serum of
patients convalescing from k.c.e. The object of this work
consists of immunofluorescent examinations made with immuno-
sera, produced in rabbits, against various adenoviruses.
Tnrough these examinations we intended to prove the specific
antigen nature of k.c.e. inclusion bodies.

M.aterials and ,ethod

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

Virus Strains Used for Producing the Immunoserum:
Immunosera were produced against adenovirus strains 3, 4, 5,
6, 7, 3, and 11. With the exception of type 8 the virus
strains used were type-strains, 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. epidemic in Hunrary
during 1961 and 1962 (Nasz at al. (20)), and with the use of
type specific immunoserum provided by Dr. Huebner (USA) it
waz established that it belonged to type 8. The virus anti-
gen was produced on Detroit-6 tissue culture, and following
repeated freezing and thawing the cell remnants were separ-
ated fromthe virus suspension by centrifuging, after which it
was used for immunization.

Immunoncrum Production: Immunoserum was produced In
rabbits by intravenous injection of a total of eight doses
at weelcly intervals for a period of four weeks. Immunization
was begun with 1 milliliter of virus suspension, and the

qiooc wan increased by one-hIf milliliter up to a maximum of
throe -,illilitc-'a, w..ich dose was continued. The rabbits
were sacrIfIcA1 by draining the blood eight days after the
last innoculation. The immunosera were controlled with
complement fixing and hemagglutionation inhibition tests, and
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partly with neutralization tests, and then were stored atS~-10 dezreas Centigrade until used.

Immunofluorescent Staining :ethod: The immunofluor-
eacent staining method described by Coons and Kaplan (4)
was utilized. The smears were stained indirectly with a
hich titer rabbit antiglobulin produced in goats, which was
maried partly with Lissamine-Miodamine B-200 fluorochrome
a:Jd partly with fluoresceineilsothiocyanate, according to the

oethodsof Chadwick (3) and Rigrs (24). The fixed smears
first were processed with uncarlked immunoserum in a damp
chanmber for 30 minutes, and followin; washing and drying
thiey were brought into contact with carked rabbit antiglob-
ulin in a damp chamber for 30 minutes. This was followed by
washing and drying again. The stained smears were examined
with a Leitz fluorescence microscope, at 250 to 400 magnifl-
cation. Blue light was used.

Table 1.

On Ist-1Oth On 10th-2Oth
Days of k.c.e. Days of k.c.e.

Con jnctival Scrapinf
Positive 83 (03 ") 7 (31.8 %)

Con junctival Scraping
N:egative 12 (12 *V) 15 (68.2 1)

Scrapings were taken from the conjunctlva of k.c.e.
patients on 122 occasions. In 2"•; canes tvwo smears were
made at the same tie, an;d in two cases it-ht smears wore
prepared. Giersa stain was used in stainir.g 122 smears.
The appearance of the inclusions is shown in Table 1.

The '",.c.c. Incluslon bodies were uniforizly stained
blue by the 'Iccmsa; they are round or oval in shape, and
always are located in the cy~oplaa.l o0^ epithelial cells
(7i-urcs 1-4). Theso incluiaon bodies also were found in
k:.c.c. cazz cautied by laboratory in:fection with t;,'pe 3 ad-
onovir,::.. *3, V?). A3 a control, 20 other 3crapin.;s of
conjunct n t.." !-cl'i;zationore c:-:a:ined, usi-v; Gioeua

stal , i:clu [:! •,fro.:; c'LetLC coi;.1' nctlvltis caros, 3chron-

ic con.•:..cm iv ,1 ezc',• I .ach cro:'2 ':, Ic •cu.!unctivitis and
blc:-hn:., 3.",'t 's an ;:larls, 2 trachoi;atous conjunctiva,
I -pex ph, con. ......tva, 5 ':.cratitis herpetica, and I smear
was made 2ro- ,•calthy conjunctlva. :;o inclusion bodies
we'e ouLnd i"- C'•y o, those 20 cases, including the cases
cU:.ically considered to be trachona.
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GRAPHIC NOT REPRODUCIBLE

Fiscures 1-3. K.c.e. inclusion bodies in conjunctival
epithelial cells (Giemsa stain).

S k HIC NOT ESPRODUCHL

Firure 4. X.c.e. inclusion in corneal epithelial cell
(Giemsa stain).

For the purpose of itrmunofluorescent staining scrap-
in-a were ta,•en on 38 occasions from the conjunctiva of 28
b.c.e. patients. The courso of the disease was typical in
all 282 cases, and typical Inclusion bodies were found in
all 2', using the Gioersa stainccd smears. In the course of
in-zno0liorescent otaininr, 17 sucars were made with the
type & adenoviru3 immunozor.:::. :auination under tic fluor-
esconce microscopo revealed strongly fluorescont formations
Indicatin; a specific bond in the cytoplasij of individual
epithelial cells in 15 of the 17 smears. Their shape, size,
location and freqloncy of arppearance correspondod to those
o2 ' .. c.e, inclusion bodies. Their shape was round or oval,
-nl the bordc. o- '.hc cellular nucleus generally appeared
concave in the vic.iity of the inclusions (Figures 5 and 6).
Zie contour of the bodies and the cell nuclei was fairly
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-readily distin'uiohablo, r7':::arily because of their auto-fluorescence. In several ca:ses cells containing, shapes with

tron,, fluorescence indicatin-, the specific bond wcre marked
011 on the smear and later stained with Giemsa. In every
case typical incl•uio.. bo'i,5z were found at the site of the
stronZly fluorescin- formation, exactly in the same ce.l and
at the same point (Figures 7-8 and 9-10). In no instance
w:as strong fluoroscence indicating specific bond found in
tre cell nuclei.

* A

GRAPHIC NOT 'REPRODUCIBLE
Ti-ures 5-6. K.c.e. inclusions in conjunctival epithelial

cells (immunofluorescent staining, using type 8 adenovirus
Immunoserum ).

I

GRAPHIC NOT P!PPODUjCIBLE

Fir rC3 7-0, and 9-10. Identical cells or incl)snion bodies
stained by the 1-._unoflUorescent method (with type 8 adeno-
virus immunozorum) and with Giemza stain.

As a control, izmunoscra produce] with other types of
adenoviru;u were used in 21 cases. Ii,,iinnooerum of adenovirus
tyrpcs 3, 4, 5, 6, 7, and 11 was used in ztaini7, three smears,
each, and three smears also were acade with nor-al rabbit serum.

G', Gemn a-treatcd pairs of the snears in tXhIn ca.;e also were.,cluion-positive. ilowever, Inminofluoreacent staininfg was

i;';tlvo in all 21 cases. In no instance was stron! fluor-
e.scence indicatln- specific bond found within cells in the
contý-ol s:o.cars. In view of tho fact that eight scrapings,
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cŽich, were taken from the conjunctiva of two patients, we
were able to stain smears from the same patient with immune-
oera of types 3, 4, 5, 6, 7, 8 and 11 adenovirus, and with
Gic3sa stain. In both series the stain was positive (typical
inclusion bodies could be seen in smears stained with Giemsa)
only in the smear treated with the type 8 adenovirus immuno-
serum. As a control five smears made of other conjunctival
inflammations also were stained with type 8 adenovirus Immune-
serum. 1:o specific staining was found in these control cases.

Conclusions

In the course of the k.c.e. epidemic 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 bodies may be well dis-
tinLguished from trachoma inclusions, and cannot be found in
other conjunctival inflammations, either. Because of this
examination of conjunctival scrapings may be well used for
tbe purpose of differential dia,;nosia. Through immunofluor-
esconce tests it was established that specific staining may
be observed in the cytoplasm of individual epithelial cells
in smears deriving from the conjunctiva of k.o.e. patients
which had been treated with type 8 adenovirus immunoserum.
These formations were strongly fluorescent, indicating 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 were derived from the conjunctiva of patients
with typical k.c.e., and characteristic inclusion bodies were
found in their paired slides that had been stained with Giemsa.
(2) Mhe shape, size, location, and frequency of occurrence
corresponded to those of k.c.e. inclusion bodies. (3) When
cells containin- fluorescing formations wore marked on the
slide and the smear was stained with Giemsa, typical inclu-
sion bodies became visible at the exact same points of the
same cells, at the site of the fluorescing formation. (4)
Te immunofluorescent staining of inclusion negative scrap-
in3s also was negative.

Other types of adonoviruses also have been cultured
from k.c.e. or clinically similar cases in addition to
type 3 adenovirus (types 5, 6, 8, 11, 14, and 18). In con-
for-ianco with this, in the examination of the antigen spe-
cificity of the inclusion bodies it appeared of interest to
con'iTct control tests with types 3, 4, 5, 6, 7, and 11 adono-
virus :.-unocr_.. All t:o tosts performed with the control
zora wore ncrativo; the inclusion bodies were not stained
inl' .e cases of treatment ;ith hotorologous Immunosera. The
extraordinary sensitivity of the immunofluorescent staininG
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ncthoci is indicated o0 tno iact tat o,±; t.ao inclusion bodies
01 szears treated with t:-De S adenovirus Immunoserum fluoresced.
The above proves the similarity of the antigen properties of
the inclusion bodies to the antie;on 3truction of type 8 adono-
virus, and indicates that the inclusions in part or entirely
contain patho,.;enic virus particles in addition to the pre-
sence of any possible mjetabolic products. This agrrees with

1he obsorvation that inclusion bodies rarely may be found in
scrapinr-s ta,%en after the tcnth day of %.c.e. Small acido-
p' Aylic granuleas occasionally nay be observed aurrcunding the
Inclusion bodies. FluorescEnco correspondivG to these forma-
tions uas not found in any c7 the smears, and thus we cannot
substantiate the concept 0o 3le-3oen-Lian (26), to the effect
that these granules are elc:ientary pathogenic bodies. Accord-
in:; to the foregoingr the i:,a.unofluoroscent procedure enables
early and rapid identification of the pathogen at the begin-
nlng 'of k.c.e. epidemics, or In the initial phase of the di-
scase.

Suimmary: A 1:eratocm.iunctivitis epidemic occurred in
:Eh�a:a I in 19G1-1962. Cha.acteristic inclusion bodies were
found in the epithelial cytoulasn o2 8 percent 01 the scrap-
in-vs taken during the acute phase of the disease. Throu rh
inmunofluorescent tests it vras established that these inclu-
sion bodies have specific antigen properties which conform
to the anrtigeni nature of type 8 adenovirus,which may be
considered as the main pathogenic agent in this epidemic.
According to this the inclusions of keratoconjunctivitis ep-
ide=ic partly or entirely contain the pathogenic virus par-
ticles.
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