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I N T R O n r C T I () N

Recurrent and chronic iridocyclitis is a comparatively com-
mon tliscase. In Europe, patients sufferinfr from this affection
occupy every year 5 per cent o\ all the beds in ophthahiiolo-
gica! clinics, not to mention special institutions for climatic
treatment. Many are admitted several times a year for hos-
pital treatment which often lasts several weeks; the complaint
keeps them away from their work repeatedly and for long
periods of time, and may eventually lead to invalidisni at an
early a^e or even to complete blindness. Actually, 10—1 , per
cent of the inmates of Czechoslovak institutions for the blintl
had lost their eyesight in consequence of this disease.

There is a similarity between iridocyclitis in its recurrent
form and certain allergic diseases. The attacks of the disease
occur with significantly greater frequency in the spring antl in
the autumn, i.e. in the season of colds, generally lowered resist-
ance of the organism ani.1 a higher incidence of streptococcal
infections. Among the patients there are many who have been
afflicted with different manifestations of allergy or with dis-
eases of the joints, particularly rheumatic inflammatory in-
volvement. On these facts the American ophthalmologist A.C.
Woods, fifteen years ago, basetl his opinion that there is a
causal nexus between certain forms of recurrent uveitis. recur-
rent iritis in particular, and hypersensitivity of uveal tissue to
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tlifterent types of heta hcniolytic streptococci (2—4). Other
forms, particularly affections of the retina and the choroid
have, in his opinion, a different etiology (in the iirst place
toxoplasniosis and tuberculosis), althouj^h the possibility of
scnsiti/.ation of the tissues and an allergic response cannot he
cxcliulcd even here. Offrct, in his paper puhlishetl several
years later, claimed that a positive local reaction on intrader-
mal injection of strcptococcal vaccine is evidence of allergic
etiology in affections of the posterior segment of the uveal
tract ( i ) . To elucidate the role of streptococci, or rather
hypersensitivity to streptococci, in the pathogenesis of uveitis,
we devised a new modihcation of the methotl of assessing tlie
degree of hyperseiisiti\'it)'. We attcmptetl to express the de-
gree of hypersensitivity numerically, antl we coinpareil the tie-
gree of hypersensitivity to streptococci of tliffcrent groups and
types in different groups of the population under parallel bac-
teriological and scrological control. During this research cer-
tain hitherto unknown relationships were found which are re-
ported in this paper.

M A T R R I A I, A N' 0 M E 1' H C) D S

1. Selection of Streptiiiocud Strains.

As is well known, strfptDCocci arc (livicltd arciiididg tn their pulysaccharide
C-antigcri intn groups desigriatt-d by thi- capital lutters A-S. Hy far the must
impiirtnnt in human pathiil(>g\' is gruup A— Streptococcus pyof;eTifs, which is
divided according to the protein M-antigfii into types designated hy the numbers
1-51. Since the type-specific M-antigen iv by far thf most important of all the
known factors involved in the pathogenicity of streptococci it is necessary, in
testing, tn use the greatest possible luimlier of streptococcal types. Testing with a
mixed vaccine is inadt-quatt-, as the (]uantity applied in the test might unt contain
in threshold concentration the serological type to which the patient is sensitive,
and thus an adequate reaction would rmt be obtained. On the contrary, with a
higher concentration of the test vaccine, and particularly if the patient were
hypersensitive to several types, a severe local reaction (necrosis) might ensue,
possibl\ accompanied by a dangerous focal antl even general reaction. Such an
unphysiological and even harmful procedure must be avoided as it might cause
serious trouble to the patient, and also give no information as to which of the
antigens contained in the testing suspension is responsible for the reaction.

The streptococcal strains selected for testing wert those types which, in this



country, were foiitui imist frequently. The follow up of their incidence has been

carried on hy the Streptiicocciis Reference Laborntnry of the Institute ot Epidemi-

olog}' and Microbiology" in Pra^ut for a number of years and the incidence nf

these types in patients and carriers has been registered twice every year. Thus

we were able ti) assemble in our testing set representatives of practically all the

typi-s occurriiitl in this country. We hclieve thai hardly anybody could be hyper-

sensitive to a type not found in this country tliirinf; the last years ami for this

reason we omitted these strains from our testing set.

The streptiK'occi of the groups B-C! only play an insignificant part in human

pathology but, for purposes of control, hypersensitivity to one representative of

each group was also investigated. A list of the groups and types of streptococci

used is given in Table i.

Most of these strains belong to Streptococcus pyogenes (group A—the most

important streptococri) and tor the s^ke of ciimpleteness a number of strains

were included from the other groups whirh only play a minor part in human

pathnliig\. Only two of the strains used showed no beta-hemolysis.

TAHI.F. I

Streptocoiial Strains I 'sed.

Group Type (iriiiip Type

A 1 A [R

2 19

3 22

3, 13, Hraii 8, 2^, Irnpi;.

4, 24, 26, 28, 29, 46 28 R

11 non-typ:ible

12 B

5, 11, [2 ,27 ,44 C

6 D

g (; (minute)

14 Str. salivarius

2. Preparation of liiitlrrttd Sitspmsttiits for Testing.

The lyophilized strain was inoculated on blood agar and its purity was

assessed. From the plate, a pre-cu!ture (5 ml of Todd—Hewitt broth) was in-

oculated and after 8 hrs. this pre-culture was used to inoculate 400 mi Todd-

Hewitt broth. After 18 hrs.' growth at ij" C, the culture lvas killed by heating

(at 56° C for a period of 30 mins., in group D for 90 mins.) and washed twice

with saline. Finally the bacterial suspension \vas adjusted lo a constant density
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of T 50 {50 per cent transmission) as measured with the Coleman spectr{>photo-
meter at wave length 530 m/i. This density roughly corresponds to 6 milliard
microbes/i ml, 0.25 per cent phenol was added as antiseptic. This test suspension
was then diluted in the rntitis of 1:10, 1 ; 100, 1: 1000 and 1 : 10,000. The un-
diluted stock suspensions were kept at —20° C, the diluted vaccines (i.e. before
use) at -f 4° C.

3. Tcchnirjue of Testing and Redding t/f Reactions.

The testing was performed intradermally on the volar side of the arm. The
advantage of this method is that it avoids Head's zones iii the skin of the back.
The reactions of the tests were read {i.e. their diameter was measured in mm)
after 15 mins. (urticarial wheal), 6 hrs., 24 hrs. and 48 hrs. (erythema, indura-
tion). Before testing and at the above mentioned intervals after testing, the fwal
ophthalmic reaction was also studied by the ophthalmologist. Only exceptionally
is it possible to study so closely in vivo with the microscope the reaction of
sensitised tissue after the injection of an antigen. A Zeiss slit-lamp was used to
observe whether cellular elements appeared or increased in number in the
aqueous (activating reaction) or whether they decreased in number or actually
even temporarily disappeared (mitigating reaction). The activating reaction was
observed in 71,7 per cent of uveitic patients, the mitigating reaction in 7.7 per
cent. At the sanne time attention was paid to the possible occurrence of a general
reaction.

The testing was performed at weekly intervals using, every time, a test sus-
pension ten times more concentrated than had been applied in the previous
sitting. This cautions procedure was resorted to f{»r two reasons. Firstly, it is
much safer for the patient to start with low doses which.are gradually increased,
so that necrosis of the skin, severe focal reactions (acute iridocyclitis) and genera!
symptoms may be avoided. Nevertheless, the initial dose for 1 test (T 50 X 10 ',
i.e. roughly 30,000 microbes in 0,05 ml) is adequate and in the group of 178
uveitic patients dealt with in this paper, the local reaction to one of the 24 tests
at least was found tn be positive in 56,1 per cent of the subjects examined. The
second reason for testing with increasing concentrations is ihat the threshold
dose causing a local skin reaction and a focal ophthalmic reaction (which must lie
determined for the correct dosage of the therapeutic vaccine) may be iound more
easily than by the method of decreasing concentrations used by Woods and later
by Offret. Another reason for testing with four concentrations is the fact that the
size ()f the local reaction does not always increase proportionally with the con-
centration i)f the test suspension. Occasionally (in the negative phase) the size
of the local reaction, on application of more concentrated test suspension, is no
greater than the size of the local reaction on application of less concentrated test
suspension.

Fig. 1 shows four main possibilities of the increase in size of local reactions
on application of the 4 concentrations of the lest suspension,
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Sizes of skin reactions on application of different rontcntrations of test suspension.
(Fur explanation set toxt)-

mm

10 X T50

A) Hijih degree of hyperseiisitivitv,
]I) Size of skin reactiun increases in proportion with the increase in ciiiicen-

tration fif test Mispension.
C) Low ilegree of hyperseLisitivitv.
D) Skin reaction mi application of test su-ipettsion of concentratinn V no X lo"'

was 10 mm in diameter, On application of test siispen>ion tif concentratiiin
T 50 X 10"' the resulting skin reaction was tcnial in size and only in-
creased 011 appliratinn of hij;her cnnccntratidiis of the test suspension.

For these reasotis 4 tenfold concentrations were use(! in testing and in order to
obtain as complete as possible a picture of the degree of hypersensitivity of a
given siiliject to a given serological type, all the 4 results were taken into account.

In the first week the testing was done with test suspensions of concentrati<ui
T 5a X to"'. In the following week, the concentration used was T 50 X 10 ^ aiitl
the tests were injected into the skin of the other arm. Testing with types which
in the previous sitting had had a reaction 15 mm in diameter or more, was dis-
contiiuied. In the third \veek the concentration used was T so X io ' ' and in the
f()urth week it was T 50 X io~ .̂

Considering that the tests were acttialiy repeated four times \vith the same
antigt'Tis and their results were correlated it) ali cases, that the same syringes ^vere
always used and the tests were always performed and read by the same worker
(without seeing the results of the preceding tests), the tests may, from the point
of view iif statistics, lie consideret! as standard within the rari^e of errors which
do not influence the final result.
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K E S r L T S

I. Numerical P^vahtation of the Rcsttlts.

The ticgrce ol hypersensitivity was evaluated aaortUng to
the si/e of the skin reaction ami according to the concentration
of the test suspension. Ihe ilejircc of hypersensitivity to a
^iven type is directly proportional to the si/.e ot" the skin re-
action and inversely proportional to the concentration of the
test suspension applied. 'I'he atithors (.lc"\'iseil a numcrica! sche-
ma tor the c\aliiiition ol the si/e of the skin reactions (sec
Table 2), and on the basis ot the values ohtainetl, they at-
tcnipteil a numerical expression ol the ilcĵ r̂ce of hypersensi-
tivity in a ijiven subject.

TAHLE 2
Evaluation of the Size of the Skin Reaction on .Ipptieation of Test Suspension

nj Diffrrrnt Cnncentratinns.

Cotict ntrati.iti of Siie of skin reaction in mm

T ^Q X 10 '

T 50 X 10 •'

T 50 X 10-'

T 50 X 10 '

7-H

4

3
2

1

•MO

1

4
3

IM-l

(1

5

4

3

n anii ninre

7
6

4

The sum of the points obtained by a ^ivun subject for a
given streptococcal type in al! the lour concentrations, repres-
ents the tlegree (if hypersensitivity to that type. The sum of
the results t"or all the 24 types is a number which represents
the ilcgrec ot hypcrscnsitivity ot a given subject to the strepto-
(.•occi tested (selected strains). This lunnhcr was designated as
ihc streptococcal coefficient (SC). This system is superior to
expressing the si/.e of the reactions hy a system of pluses as
it allows a numerical evaluation ot the ilegrec ot' hypersensi-
tivity. At the same time the system makes it possible to evalu-
ate the reactions to all the four concentrations hy a single
iiumher. Papules and miruitc necroses, \^hich «crc only oh-
scrvci! in it,•; per cent of all the reactions and only in reactions
over I i mm in diameter, were not taken into account in the



evaluation. In tbis system of evaluation, the uveitic patients
tested (178 in number) obtained the following number of
points;

in the first sitting—a total of 2406 pts. ( 7.85 per cent)
in ihe seciuiil sittifig—a tutal of 6303 pts. {20.57 P̂ "* cent)
in the third sitting^—a total (if 9568 pts. (31-23 per cent)
in the fourth ^it(ing^a t"tal uf 12355 Pf*- (4O-33 P̂ "" cent!

S(i that thf average SC fur (me uvL-itic patient was 172.08 (30.632: 178).

Examples of fivatuation.

I. Si^e of skin reactinn in the ivt sitiiiig = ^ mm = o pts.

(not evaluated)
Si/e r.jf skin reaction in thf 2111! sitting = 7 mm = 3 pfs.
Size (if skin reaction in the 3rd sitting; = 12 mm = 4 pts.
Size of skin reaction in the 4th sitting = 15 mm = 4 pts.

Total = I I pts.

2. Size of skin reaction in the ist fitting = 10 mm — 5 pts.
Size (if skin reaction in the 2iid sitting — 10 mm — 6 pts.

Testing ivith this ti pt- ivas discontinued for re;ison> mentioned iti the chapter
on technique of testing. For the 3r(l .mtl 4th sitting, it was evaluated as 6 pts.
{i.f. the maximum number i\i piiirits obtained in the last sitting). This type
obtained a ttital of 5 + 6-1-6 — 6 pts. = 23 pts,

2. The Time Necfssarx for the Local Reaction to Reach its
Alaxhnum {Ala.ximtnn Local Reaction—MLR ) .

Local reactions in all the 17S patients were of the delayed
type. Only in one female subject (who is not included in this
series) were the reactions of the early (immediate) type (urti-
carial wheal). In testing a practically homogeneous group of
1 78 uveitic patients with 24 types of streptococci in 4 different
concentrations, and reading the local reactions at 4 different
intervals ( l i mins,. 6 hrs., 24 hrs., ami 48 hrs.), sufficient
ilata were assembled to enable us to determine the time when
the local reaction attains its maximum. Where tbe size of the
local reaction was equal in two consecutive readings, it was
taken for granted that its maximum (.Vll.R) fell between the
two observations. It is, of course, possible that the MI.R
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might have been attained earlier or later after the reading. It
can, however, be proved statistically that with 15.718 obser-
vations these variations \\ouUl be ec)ualiy fre(]iient.

The MLR was attained in testing with

T 50 X 10-' in 102,371 hrs. (no. of test> applied: 4^48)—average: 24.09 hrs.

T 50 X 10'^ in 122,920 hrs. {nri. of tests applied: 4140)—average: 29.69 hrs.
T 50 X 10- in 125,921 hrs. (nn. nf tesis applied: 3985)—average: 31.59 hrs.
T 50 X 10"' in 113,196 hrs. (rrn. of te^ts applied: J345)—average: 33.84 hrs.

This means that the time necessary for the skin reaction to
reach its maximum increases with the concentration.

3. The Relationship betzveen the Degree of Hxpersensitizitx
lo Streptococci {E.xpft'ssed in Terms of SC) and the Time
Necessary for the Skin Reaction to Reach its Maximtim
(Expressed in Terms of MLR).

After determining SC we tried to elucidate the relationship
of this coefficient to certain serological reactions, to the age
of the patient, to the number of attacks etc. The evaluation of
these relationships will be reported elsewhere, (It is interest-
ing to note the linear relationship between SC and MLR (see
Table 3) .

From Table 3 it may he seen that in patients with a higher
degree of hypersensitivity to the streptococcal strains used, a
longer period of time is necessary for the skin reaction to
reach its maximum.

4. Comparing the Degree of Hypersensitivity in Different
Groups of ihe Population.

Three different groups of the population were examined by
the abovementioned niethoil of intrajermal testing to deter-
mine the degree of hypersensitivity to different groups and
types of streptococci (beta-haemolytic streptococci in partic-
ular).

I. A group of male adolescents, all of them 15 years of
age and living in Prague. All had a "normal" history of strep-
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tococcal iutect ion, s imilar to tha t of all adolescents of t ha t age

living in Cen t ra l I'AU'ope. 5 had had scarlet fever, 4 — o t i t i s

and I I had had tonsillitis in the last few m o n t h s .

Tbf R
TABLE 3

liitioii.iliii> hrt'u.u-nj tbr Di-gn-f of Hyprrsrnsitii'ity to Strrptvcoccl (Ex-
in Trrms of SC) ,iiui the Time Nrccssary for the Local Skin Reaction to

Rriuli its Mnximum (Exfirc^isfti in Ti-rm.'! of Ml.Ri.

MI.R
ia lirs.

' S

20

30

3S

40

4f

V

SC in points

0 50 ioo r 50 zoo 15& 300 150 4.C0 450 500 t; 5a 600

b

2

9

la

11

13

3

z

I

1 2

7

I I

2

I

I

8

1 2

2

g

7

7

I

6

7

2

17 4> 14 2J 2^ 16

I

S

1

3

I

4

I

I

2

I

.0 6 4

2

I I I

3 ' '

V

8

' 3

35

38

44

27

9

4

.7«

2. A group of 14 male atiolesccnts aged 16-19. During the
last 10 years 12 of them had had one attack of rheumatic
fever, one had had two attacks and one had had as many as
three. At least two years had elapsed in all cases since the last
attack. All were untlcr metlical control and under long-term
treatment with repository penicillin. Bcsitlcs the manifest se-
quelae of infection with beta-hcmolytic streptococci, all had a
history ot streptococcal infection similar to that of the subjects
in the first group. 13 had had frequent tonsillitis up to the time
ot tonsillectomy, 2 had had scarlet fever ami 6 had hatl otitis.

Both these groups served as controls.
3. The thirtl group was formed of 17S patients suffering



from different forms of recurrent anil chronic intlanimations
of the Liveal tract. Their ages ranged from 14 to 72 years, the
average being 47 years. Both sexes were represented nearly
equally. The different forms of the disease were recurrent
iritis, episcleritis, tenonitis, sclerokeratitis, cyclitis and recur-
rent inllammations of the posterior segment of the uvea. The
disease, ot course, changes its localisation from one attack to
another; the clinical picture changes. All the patients had been
admitted many times for hospital treatment, many hati been
treated in institutions for climatic treatment and had untler-
gone treatment with antibiotics, corticosteroids, tuberculosta-
tics, antinialarials, Daraprim etc. As the clinical picture of
uvcitis with the presumptive etiology of hypersensitivity to
streptococci is not clearly defined (and it is an open question
whether it is at all uniform), all the subjects were examined
by the same methoti, the tiegree of hypersensitivity to strepto-
cocci was determined and compared with that of the other
groups. The results may be seen in Table 4.

TABLE 4
The t)rgree of ttypersensitifity lo Streptococci (Expressed in Terms of SC) in
the t=v:i} Control Groups (Soniuil Population and Rheumatic Patients) Compared

ivith that of Cveitic Patients.

Normal
Rhuumatic .
Tvuitic

n

17

' +
178

SC

0-200

31-203

6-s88

D i s c r

Average

60.65
83.42

171.01

S S I 0 N

95% confidence limits

32.00- 8<).[8
53.22-113.50

153.97-188.05

The average degree of hypersensitivity to different strains
of beta-hemolytic streptococci was tountl to be higher in pa-
tients with chronic and recurrent iritlocyclitis than in represen-
tatives ot the normal population and even in subjects who had
had rheumatic fever (and where, according to the present
state of knowledge, hypersensitivity to streptococci may be
assumed). During testing very frequent focal reactions were
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observed. From these two tacts, the authors conclude that
streptococci play a part in the pathogenesis of endogenous
uveitis more frequently than has hitherto been presumed and
that in cases where the tests are positive, it might he worth
while—regardless of the presumptive "clinical etiological
diagnosis"—-to attempt a course of treatment by specific de-
sensitisation. It is understood that, in this therapy, those of
the strains found in the foci of the patient to which the pa-
tient was found to be hypersensitive, would also have to be
taken into account.

S I' M M A R Y

The authors discuss the importance of the problems of re-
current and chronic inflammations of the uveal tract. Most of
them may be presumed to be due to hypersensitivity. It ap-
pears that different types of beta-hemolytic streptococci play
an important part in the pathogenesis of this disease. The
authors worketl out an original schema for determining the
degree of hypersensitivity to streptococci by intradermal tests.
On the basis of the evaluation of every skin reaction on ap-
plication of the test suspensions in four different concentra-
tions, with simultaneous control of the focal ophthalmic reac-
tions, they expressed the degree of hypersensitivity of a given
subject by a number which they designated the streptococcal
coefficient (SC). They pointetl out the relationship between
the time necessary for the skin reaction to reach its maximum
and the concentration of the test suspension, and the relation-
ship beween this period of time and the total degree of hyper-
sensitivity of the patient. They compared the degree of hyper-
sensitivity to streptococci in the normal population, in rheuma-
tic patients and in a large group of patients with chronic antl
recurrent forms of uveitis, and on the basis of mathematical
evaluation they demonstrated that the large majority of uvei-
tic patients show a high degree of hypersensitivity to different
types of beta-hemolytic streptococci.
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