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REVIEW

LONG-TERM OBSERVATION OF 
PATIENTS WITH SYMPATHETIC 
OPHTHALMIA FROM A 
DIAGNOSTIC AND THERAPEUTIC 
PERSPECTIVE. OVERVIEW OF 
LITERATURE
SUMMARY

Aim: To evaluate options of diagnostic and therapeutic procedures of 
sympathetic ophthalmia (SO) compared with literature data.

Backgroud: SO is an ocular autoimmune disease. It is characterized by 
disbalance in the imunoregulatory T-subsets within cell mediated immune 
response. 

Methods: File examination of SO by evaluation humoral and cellular 
immunity was ranked nukleolar test (NT). It evaulates the current status 
of lymphocyte activation based on the nucleolar morphology and RNA 
transcription aktivity. The classical histological examination was supported 
by immunohistochemical analysis of lymphocytic subpopulations in the 
eyeball enucleated for. SO in one case. 

Material: Five boys and men overall were monitored and treated in two 
studies from 1979 to 1994 and from 1999 to 2017 with SO In four cases it 
was subsequent after penetrating injuries and once after lensectomy with 
vitrectomy. The age of patients in the time of onset of SO was between 4 and 
24 years (average 12 years). The time interval between insult and onset of 
SO varied between 10 days and 3 months (average 1.7 months). The relaps 
of disease appeared in the all cases in the time interval from 3 months to 
38 years (average 15 years). Another two patients with SO were examined 
only in consultation: 16 years old boy with relaps of SO after cataract 
extraction and 71 years old women with SO subsequent after lensectomy 
and vitrectomy. There was examined and compared group of 19 patients 
with other types of uveitis in the same time. The lens-associated uveitis 
were caused after ocular contusion and penetrating eye injury in 16 patients 
(13 male patients). In another three cases (young women) with uveitid 
underlined by II. or III. type of hypersenzitivity the enucleation of dolorous 
eyeball calmed down the secondary uveitis on their second eye without any 
change of immunosupressive treatment and without change in NT. 

Results: There were changes in the complex immunological laboratory 
tests results in the SO cases in the counts of activated lymphocytes in the 
peripheral blood. The count of activated lymphocytes was increased in SO 
cases unlike in lens-associated uveitis. There was detected in NT statistically 
significant difference (p = 0,0134) between the two groups of uveitis. The 
histological examination (5 eyes with SO and 7 eyes without sympathetic 
uveitis) confirmed the diagnoses, supporting basically the clinical 
diagnosis. The immunohistochemical examination corfirmed the presence 
of populations of T-lymphocytes, macrophages and also B-lymphocytes. 
A basis of immunosuppressive therapy was the combination of prednisone 
and azathioprin at the first time. Effective therapy featured cyklosporine 
later. 

Conclusion: The nucleolar test of lymphocytes draws attention of their 
up-to-day increased activity without the diferentiation of subpopulations 
and their absolute number increase related to the current activation 
of type IV. hypersensitivity (cell-mediated) in uveitis mechanism. The 
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immunosupressive therapy calmes down this activation predominantly in 
SO, but also in other case sof uveitis with different types of hypersensivity. 
The immunohistochemical examination illustrates different presence of 
lymphocytic types according to the stage of SO. 

Key Words: Sympathetic Ophthalmia, Functional Lymphocytes Activity, 
Immunosuppressive Therapy, Lens-Associated Uveitis, Transcription of RNA
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INTRODUCTION

The sympathetic pathology ophthalmia sympatica, or sym-
pathetic uveitis (SO), is a bilateral diffuse granulomatous uvei-
tis. After injury to the uveal tissue following an injury, surgical 
procedure or as a result of other therapeutic procedures an 
inflammation occurs in the exciting and initiating (i.e. “sym-
pathetic” according to the academic Kurz) eye, and after a 
period of time “sympathetic” uveitis appears also in the pre-
viously healthy eye (sympathising eye) (47). Its characteristic 
image features fatty precipitates on the endothelium (Fig. 1B) 
and yellowish-white nodular lesions of the choroid, termed Da-
len-Fuchs (D-F) nodules (Fig. 1C) (14), the frequency of which 
is within the range of 25% to 35% (51). In its mechanism, SO 
ranks among pathologies of type IV hypersensitivity, i.e. Cell-
-Mediated Immune Response (CMI). A sensitised lymphocy-
te following an encounter with an antigen (at least three are 
considered) begins to produce mediators, interleukins. These 
low-molecular peptides act on further lymphocytes or cells ca-
pable of transmitting information for the relevant immune re-
sponse. Among these, an especially important role is played by 
two factors, namely inhibiting macrophages and activating ma-
crophages. These later attack the vascular wall, together with 
various sub-populations of lymphocytes, including NK (Natural 
Killers) of cells penetrating into the uveal parenchyma (Fig. 1A) 
together with other cells of the immune response. In the next 
phase there follows formation of immense epithelioid cells 
and inhibition of granulocytes. The stimulation of lymphocytes 
under the influence of interleukins leads in the final phase to 
damage to the intraocular tissues, mainly the uvea and retina, 
either by lymphotoxin, or contact-dependent cytolysis (34, 47). 
Lymphotoxin represents one of the cytokines: TNF-beta with 
necrotising effect suppressing cell growth, at the same time 
with anti-inflammatory effect, and contact-dependent cytolysis 
is then a non-specific immune response of the present NK cells 
leading to osmotic lysis of the target cells (26).

Long-term observation of SO together with an analysis of 
the data from the literature has enabled us to assess the de-
velopment of therapeutic procedures, but above all to con-
sider the possibilities of laboratory observation of the im-
munopathological character of this disease in defining the 
nature of the inflammatory process in the eye.

METHOD

In order to observe the dynamics of SO we included a broad 
spectrum of laboratory examinations from the peripheral blo-

od, conditional upon the given time. In the spectrum of hu-
moral immunity we evaluated the immunoglobulins IgA, IgM, 
IgG and circulating immune complexes PEG. We assessed ce-
llular immunity together with the blood count, the originally 
used E-rosettes (total number of T-lymphocytes) or immune 
regulation index (ratio of absolute number of helpers to cy-
totoxic T-lymphocytes in peripheral blood) were replaced by 
individual sub-populations of lymphocytes (CD3, CD4, CD8, 
CD20, CD56 etc.). Within the autoantibodies we included tho-
se that have a relationship of uveitis to general autoimmune 
diseases (ANA, ANCA, anti ds-DNA, ENA) and from serology 
this was ASLO. We independently assessed a nucleolar test 
(NT), which represents a method enabling evaluation of the 
current state of biosynthetic activation of lymphocytes on the 
basis of the nucleolar morphology. For highlighting of nucleoli 
in lymphocytes we used cytological staining of peripheral blo-
od smear by 0.05% toluidine blue at pH 5 for demonstration 
of RNA according to professor K. Smetana (67, 68, 69, 71, 72). 
Lymphocytes can be divided into three types according to the 
functionally dominant type of nucleolus (Fig. 2): 

1) The most widely represented are lymphocytes with a ring 
nucleolus (R), which is illustrated in the form of a dark ring in 
the nucleus. It contains ribonuclear protein structures only in 
the periphery of the nucleolus, and is referred to as a “pacific 
nucleolus”. The cells have a low level of r-RNA synthesis, but are 
capable of further activation and may contain micronucleoli.

2) Activated lymphocytes (A) with an “activated nucleo-
lus”, visible as a compact homogeneous oval in the nucleus 
with relatively uniform distribution of RNA, distinguished by 
high transcription of RNA. These are cells producing interle-
ukins, which influence the cells capable of immune reactions 
or cells of the early phase of blastic transformation.

3) Lymphocytes only with micronucleoli (M) have nucleoli 
which appear as dark points in the nucleus of the lymphocy-
tes. Micronucleoli (inactive nucleoli) are nucleoli smaller than 
1.2 µm and appear as small, round particles of ribonuclear 
proteins. This concerns the terminal stage in the development 
of lymphocytes which are no longer capable of further activa-
tion and their number is influenced by the increased turnover 
of lymphocytes. In an optical microscope inverted to 800x en-
largement the proportion of activated lymphocytes and cells 
with micronucleoli out of a total number of 100 sought lym-
phocytes is calculated, in which the remainder is formed by 
inactive lymphocytes with a ring nucleus, which is expressed 
in percentages (the numerical data is presented in the text 
after symbols of three types of lymphocytes). Between the se-
cond and twelfth year of life the referential values of the nuc-
leolar test for activated lymphocytes are within the range of 
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4-7% and lymphocytes with micronucleoli between 8-14%. 
These values decrease slightly at a higher age.

Immunohistochemistry is a new method used in histolo-
gy, which on the principle of antigen-antibody binding can 
identify any substance with antigen properties in histolo-
gical cross-sections, e.g. it differentiates sub-populations 
of lymphocytes. The method is composed of three funda-
mental phases:

1) application of primary antibody (formation of immu-
ne complex),

2) application of secondary antibody (generation of en-
zymatic activity of formed immune complexes)

3) administration of detection system (colour indication 
of antigen in cross-section) (63).    

Own cohort
Observation of SO took place within two periods of time, co-

vering a total period of thirty-five years. Table 1 presents the 
time factors of the development and course of five patients 
with SO, the forms of general immunosuppression, complica-
tions and the clinical finding at the end of the study. Table 2 
primarily analyses NT within time contexts, HLA typing and the 
fundamental immunological parameters of cellular immunity, 
and according to the possibilities at the given time for SO. Table 
3 presents the NT values together with etiology and treatment 
in 16 cases of post-traumatic phacoantigenic uveitis.

Part 1 of the study was part of the research project IGA 
1152-3 (1994-1994) (46) in the years 1979-1994, covering 
observation and treatment of 3 boys with SO between the 
ages of 6 and 15 years (Table 1). At the same time we con-

ducted a consultation examination on a further 16 year old 
male patient with SO. We also compared the laboratory 
values with a group of 6 patients (aged 5-14 years, average 
9.1 years) with post-traumatic uveitis of non-inflammatory 
etiology – phacoantigenic (phacoanaphylactic) and their 
treatment (Table 3). 

Part 2 of the study took place from 1999 to 2017, when 
the observation related to 2 new adult patients with SO and 
2 now adult patients taken on from part 1 of the study, and 
with a laboratory evaluation for 10 predominantly adult pa-
tients (12-63 years, average 28.4 years) with post-traumatic 
uveitis, as well as subsequently exacerbated uveitis of non-
-traumatic etiology in three young women, including the-
rapeutic procedures (Table 3). This included a consultation 
examination of an enucleated eyeball in a 71 year old wo-
man also with regard to the immunohistochemical aspect. 

An evaluation of five patients with SO (Table 1) was con-
ducted on four boys and one young man (average age 12 
years). The cause was perforating injury or contusion-lace-
ration injury, in which SO originated on average 2 months 
after the trauma with the occurrence of inflammation of 
the sympathising eye in 3 of them due to enucleation of the 
exciting and initiating eye. In only one case SO developed in 
the second eye 1 week after enucleation of the blind and 
irritated eye (patient two and Fig. 1BC). The cause of ori-
gin of SO 10 days after lensectomy with vitrectomy due to 
congenital cataract with persistent hyaloid artery in a boy 
with Down’s syndrome (patient 3). In this patient relapse 
of the pathology occurred following initial alleviation of the 
inflammation after 3 months, upon reduction of immuno-

Fig. 1. Schema of type IV hypersensitivity (A), patient no. 2: fatty precipitates on corneal 
endothelium (B), Dalen-Fuchs nodules in choroid (C), remission of SO with artephakia and 
Express shunt (D)
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suppression. The parents refused the proposed application 
of cyclophosphamide (CYC) and transferred to another cen-
tre. The subsequent fate of the patient is unknown to us.

In November 1986, we conducted only a consultation exa-
mination on a 16 year old patient who was without immu-
nosuppressant therapy. SO in the left eye developed at the 
age of six years following a corneoscleral injury in the right 
eye. Histological verification of the enucleated eyeball is not 
available. Extraction of a cataract in the left eye was perfor-
med outside of the territory of former Czechoslovakia 3 ye-
ars after the inception of SO. Seven years after cataract sur-
gery the left eyeball was hypotonic and the pupil was fixed 
to a secondary membranous cataract with a speculum and 
the vitreous body was opacified (Fig. 3A). Visual acuity (VA) 
in the left eye was 1.5/50, for near vision Jaeger (J) no. 13 
with aphakic correction. NT demonstrated pronounced ac-
tivity: A11, M7, R82. Prednisone 2 mg/kg and azathioprine 
2x 50 mg daily were applied. VA in the left eye was stabilised 
at 2-3/50. The subsequent fate of the patient is unknown.  

A relapse of this autoimmune disease following disconti-
nuation of immunosuppression was manifested in three out 
of five patients from the observed groups within the range 
of a few months to a number of decades. The longest peri-
od of remission was 38 years after the origin of SO in a boy 
then aged 4 years old, in whom enucleation was performed 
at another centre in 1964 following manifestation of SO in the 
other eye (verification of SO was conducted at our centre). 
In a patient with Down’s syndrome, relapse of SO by means 
of vitritis (Fig. 3B) occurred upon reduction of a single dose 
of immunosuppressant, and also occurred in a young man 

with manifestation of SO on a maintenance dose of immuno-
suppressant of 20 mg of prednisone every other day. In this 
patient 4, the relapse was preceded two years previously by a 
slight increase in the activity of the inflammation (intimation 
of flare and isolated cells on the endothelium in the form of 
a Lüsse line), which was resolved only by parabulbar appli-
cation of triamcinolone 40 mg (Kenalog, Léčiva). A complica-
tion in all patients in the sympathising eye was cataract and 
in three cases secondary glaucoma. Complicated cataract ini-
tially developed in the form of posterior subcapsular cell-like 
forms also a consequence of general corticosteroid therapy. 
This remained in patients 1 and 4 without any significant in-
fluence on vision. In a further two patients cataract gradually 
progressed: patient 2 and patient 5 (Fig. 3C). It was necessary 
to proceed to a surgical solution due to VA in the right eye 
of 0.05 and 0.02 respectively. The progression of such a pro-
nounced deterioration of vision was influenced by waiting 
for absolute clinical and laboratory pacification of SO, which 
enabled a phacoemulsification technique with implantation 
of a posterior chamber intraocular lens (PC IOL) with peri-
operative immunosuppressant treatment by Solu-Medrol 
and an increased dose of cyclosporine A (CsA) in 2005 and 
2003 respectively. Secondary glaucoma was manifested in 3 
patients. Conservative therapy managed to normalise it in 
two cases (patients 1 and 5). Only in patient 2 this treatment 
was ineffective, and so in 2011 the condition was compensa-
ted with the aid of a glaucoma implant Express 100 (Alcon), 
which subsequently enabled the discontinuation of therapy 
with local anti-glaucomatous agents (Fig. 1D). The longest 
remission time of three decades was recorded in patient 1, 

Fig. 2. Schema of nucleolar test (NT) A – activated lymphocytes, R – lymphocytes with ring 
nucleolus, M – lymphocytes only with micronucleoli, enlarged (1000x) from perspective of 
illustration
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who is without maintenance immunosuppression in the long 
term, has ceased to attend follow-up examinations and has 
remained in contact only by telephone. In a further two pati-
ents the maintenance treatment by a dose of CsA remained 
at less than 1 mg per day. This concerned individuals who 

had undergone a surgical solution of complications. In both 
patients, transitional activity was manifested on the anteri-
or segment of the eye in the postoperative period, despite 
an increased dose of CsA, without vitreous reaction. In pa-
tient 4, who in 2014 underwent amputation of a leg due to 

Table 1. Time factors of SO, general immunosuppression, complications and clinical finding of SO at end of study

Clinical-time data Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Part of study 1+2 1+2 1 2 2

Etiology of SO Contusion-lacera-
tion injury

Rupture of eye-
ball

Lensectomy vit-
rectomy

Penetrating injury Penetrating injury

Age of inception 
of SO

10 years (1979) 6 years (1986) 15 years (1990) 24 years (1983) 4 years (1960)

Origin of SO after 
injury

After 3 months After 5 weeks After 10 days After 1 month After 3 months

Initial therapy Prednisone 3 mg/
kg

Prednisone 3 mg/
kg, azathioprine 
50 mg

Prednisone 2 mg/
kg, azathioprine 
100 mg

Prednisone 2 mg/
kg

Prednisone

Relapse of SO After 7 months After 13 years After 3 months After 22 years After 38 years

Subsequent the-
rapy

Prednisone 3 mg/
kg, azaothioprine 
100 mg

CsA 3 mg/kg CYC proposed 
(parents refused)

Prednisone 1 mg/
kg

CsA 2 mg/kg

Azathioprine 100 
mg

Complications Secondary glauco-
ma (cataract)

Cataract seconda-
ry glaucoma

Vitritis (cataract) Cataract (secon-
dary glaucoma)

Last examination 
of study

3/2016 12/2017 Patient not 
observed, fate 
unknown

11/2017 11/2017

Duration of remi-
ssion of SO

28 years (1989) 6 years (2011) 15 years (2002) 13 years (2004)

Maintenance 
therapy with daily 
dose (weight)

None since 1994 CsA 75 mg (80 kg) Azathioprine 25 
mg, medrol 8 mg 
(100 kg)

CsA 100 mg (140 
kg)

 
Table 2. Laboratory evaluation of SO: NT in time relations, HLA typing and fundamental immunological parameters of 
cellular immunity
Type of 
examination Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Initial NT A7, M18, R75 A8, M8, R84 A8, M10, R82 A3, M7, R90 A7, M8, R85

Date 12/1979 10/1986 11/1986 6/1999 3/2002

Maximum NT A8, M24, R68 A12, M2, R86 A8, M10, R82 A6, M4, R90 A7, M8, R85

Date 12/1980 5/1999 11/1986 1/2001 3/2002

Last NT A2, M4, R94 A2, M7, R91 A8, M14, R78 A2, M2, R96 A1, M4, R95

Date 6/2013 9/2017 6/1987 9/2017 9/2017
Total number of 
NT 12 43 3 6 19

HLA - typing
A3, A11 A2 A9, A10 A2, A3 A1, A26

B12, B35 B12, B14 B7, B27 B7, B18, Cw7 B8, B35, Cw7
Immunological 
examination of 
maximum activity

E-rosettes + CD4 40, CD8 36 E-rosettes bpn. CD4 56, CD8 32 CD4 58, CD8 19

Increase of IK Immuno-index (-) Increase of IgG CD20 2 (-) Immuno-index (-)
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post-traumatic phlegmon, we changed immunosuppression 
before this operation. We replaced prednisone together with 
azathioprine by CsA. In the postoperative period only a Lüsse 
line of cells appeared on the corneal endothelium without 
flare in the anterior chamber, without progression of cataract 
(Fig. 3D). After almost one year we were forced to replace the 
maintenance immunosuppression by CsA with the original 
treatment due to the patient’s constant intolerance (nausea).

We assessed 16 phacoantigenic (phacoanaphylactic) pre-
dominantly unilateral cases of uveitis (Table 2) following per-
forating injury or less frequently following contusions with 
rapid onset of intumescent cataract. Here there was a clear 
predominance of the male population over women in a ra-
tio of 13:3. A bilateral inflammatory process following unila-
teral perforating injury was detected only twice (patients 2 
and 15). Contusion of the eye with intraocular inflammation 
in the medical history was generated by secondary irritation 
also in the other hitherto healthy eye also in two cases (pati-
ents 9 and 10). Enucleation was designated according to the 
clinical condition of the eye and its prognosis. General immu-

nosuppression by corticoids was always indicated in the case 
of bilateral processes, but also in the case of pronounced cli-
nical manifestations of unilateral incipient uveitis.

Two young women were included with pauciarticular form 
of juvenile idiopathic arthritis (JIA) with ANA+ at pre-school 
age, in which bilateral uveitis preceded manifestations in 
joints. The joint and ocular process was progressively suc-
cessfully stabilised by general immunosuppressant therapy: 
prednisone, later azathioprine and methotrexate (MTX) up 
to the use of CsA and CYC. Later, at the age of 16 and 23 
years respectively, despite all medical efforts, unilateral se-
condary glaucoma occurred and changed in dolorous form 
in the eyeball turning blind. This change triggered seconda-
ry irritation in the other eye with already original long-term 
remission of uveitis upon a background of JIA. After enuc-
leation of the blind eye at the age of 30 and 26 years re-
spectively, uveitic irritation in the other eye subsided upon 
application of the same therapy as before the mutilating 
procedure, and vision was stabilised at VA 0.5-0.66 with co-
rrection. We observed the third patient from the age of six 

Table 3. NT values, etiology and treatment of post-traumatic uveitis

Order Age 
Date of Maximum 

NT Etiology Uveitis Comments (treatment)
Sex (years)

Part 1 of study 1979-1995

1/M 14 1/1979 A5, M8, R87 perforation monolateral enucleation

2/M 5 6/1983 A5, M9, R86 perforation bilateral enucleation + general corticoids

3/M 8 9/1983 A3, M7, R90 contusion + cataract monolateral local therapy

4/M 7 10/1983 A4, M8, R88 perforation monolateral
local therapy + general corti-
coids

5/M 5 6/1984 A5, M9, R86 perforation monolateral enucleation 

6/F 13 10/1984
A6, M11, 
R83 contusion + cataract monolateral

local therapy + general corti-
coids

7/M 10 10/1985 A6, M8, R86 perforation monolateral
local therapy + general corti-
coids

8/M 11 3/1986 A5, M9, R89 perforation monolateral
local therapy + general corti-
coids

Part 2 of study 1999-2017

9/M 20 9/1999 A3, M8, R89 contusion of eye 
already with uveitis in 
medical history

bilateral
local therapy + general corti-
coids

10/F 35 8/2012
A1, M11, 
R88 bilateral

local therapy + general corti-
coids

11/M 26 4/2000 A1, M5, R94 perforation bilateral bilateral
enucleation +  general corti-
coids

12/M 12 9/2002 A1, M2, R97 contusion + cataract monolateral local therapy

13/F 10 9/2003 A3, M4, R93 contusion + cataract monolateral
local therapy + general corti-
coids

14/M 57 10/2004 A3, M3, R94 perforation monolateral local therapy

15/M 63 10/2007 A2, M5, R93 contusion + cataract bilateral
local therapy + general corti-
coids

16/M 16 3/2010 A2, M4, R94 perforation monolateral local therapy
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years (1998-2006) due to bilateral iridocyclitis with vasculitis 
of the retina and central non-parasitic granulomatous cho-
rioretinitis afflicting the region of the optic nerve in the left 
eye. Due to persistent mild activity of uveitis in the right eye 
we temporarily did not recommend solution of complica-
ted cataract, and in January 2006 we transferred the patient 
from prednisone to CsA. The patient’s parents themselves 
decided to seek medical care at another centre, where len-
sectomy with vitrectomy was performed in the right eye. At 
the age of 13 years bevacizumab (Avastin, Genentech) was 
repeatedly applied intravitreally. In May 2007, the patient 
returned to our medical care after an interval of one year 
due to bilateral exacerbation of panuveitis without general 
therapy. In the right eye the patient had hypotonia and VA 
of light perception with imprecise projection (Fig. 4A). In 
the left eye the patient had flare in the anterior chamber 
with seclusion of the pupil to the opacified lens and VA of 
0.05 natural (Fig. 4B). We repeatedly commenced immuno-
suppressant therapy using CsA with the aim of stabilising 
the inflammation in the left eye and saving the right eye. 
In May 2008 we proceeded to enucleation due to constant 
inflammatory activity in the right eye with mild inflammato-
ry irritation also in the left eye. In October 2010 the patient 
underwent cataract surgery in the left eye with implanta-
tion of a PC IOL, with immunosuppressant treatment with 
a combination of Solu-Medrol and CsA. We secured sub-
sequent release of the seclusion and YAG capsulotomy in 
October 2013 with tacrolimus (Prograf, Astellas Pharma) for 
CsA. In November 2017 the inflammation was still in remi-
ssion upon maintenance therapy of CsA 1 mg/kg/day. VA in 
the left+ eye was 0.15 with -3.0, near VA J. no. 6 naturally 

was conditional upon changes on the ocular fundus (level of 
baseline VA from 1998).              

RESULTS

In total NT was used 87 times on patients with SO and 
approx. 60 times on patients with non-sympathetic etio-
logy of uveitis (only patients with at least twice conducted 
NT were included). Table 2 presents the results of NT in the 
case of SO at the beginning of observation, its highest va-
lue and the last examination within the framework of the 
study. NT was always increased for all 3 child patients upon 
the initial detection of SO and for an adult patient upon 
relapse without immunosuppressant therapy (patient 5). 
Whereas the test was initially within the norm in patient 
4 within the framework of immunosuppression, despite 
this mild immunosuppression a relapse of SO triggered its 
pathological increase. The highest maximum values of NT 
were manifested upon a relapse of the pathology in pati-
ent 2 and primarily in the 16 year old patient treated by 
consultation, always without general immunosuppression. 
It was only during the course of this aggressive general im-
munosuppressant therapy that the NT values always pro-
gressively decreased, as was demonstrated also by the last 
examination in 4 of them. This was confirmed also by the 
transitional decrease of NT in patient 3 to the NT value: A5, 
M16, R79 with subsequent increase upon an endeavour 
to reduce immunosuppression. The values of the sub-po-
pulation of T-lymphocytes CD4 in peripheral blood were 
reduced at the time of maximum activity of NT in two pa-
tients, and increased in another two patients (within the 

Fig. 3. Clinical picture of anterior segment of sympathising eye: 16 year old consulted patient 
(A), patient no. 3 (B), patient no. 5 (D), patient no. 6 (C) 
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framework of evaluation of E-rosettes). Only in one case 
was the number of CD4 increased and CD8 reduced (pa-
tient 6). Observation of sub-populations of lymphocytes 
or their analogy determined by the time of examination 
(immune regulation index) during the course of SO did not 
demonstrate significant values. Examination of humoral 
immunity and autoantibodies was always negative.

No pathological NT value was detected in the case of pha-
coantigenic (phacoanaphylactic) uveitis in any of the cases 
(Table 3), in which NT was slightly below the borderline va-
lues in two cases (patients 6 and 7). The uveitic process was 
always definitively suppressed by local and if applicable also 
general treatment with corticoids to NT values within the 
range of: A2-3, M5-7, R91-94. This dynamics of the process 
attested to the minimal presence of lymphocyte activity in 
this type of intraocular inflammation. Minimal NT activity 
was linked with immunosuppressant therapy in two pati-
ents with JIA uveitis, which was beneath the referential va-
lues, upon therapy with CsA and MTX NT was: A1, M6, R93, 
and upon a combination of Medrol with CYC NT manifes-
ted: A0, M7, R93. The influence of immunosuppression was 
demonstrated also by a change of therapy in a 14 year old 
girl following lensectomy with application of bevacizumab – 
before and after application of CsA, NT decreased from A5, 
M5, R90 to A1, M7, R92, and upon transition of the main-
tenance therapeutic dose of CsA to securing treatment by 
tacrolimus NT decreased from A2, M3, R95 to A0, M4, R96. 
We conducted a statistical evaluation comparing the maxi-
mum values of NT at the time of the highest clinical activity 
of SO and acute phacoantigenic uveitis (only values of pati-

ents without any immunosuppressant therapy). A two-step 
T-test demonstrated significant differences in active lym-
phocytes on a statistical level of significance (p = 0.0134), 
despite the fact that it was not possible to exclude the po-
ssibility of error of small numbers. The evaluation of lym-
phocytes with micronucleoli (p = 0.5426) and inactive ring 
lymphocytes (p = 0.1333) was not statistically significant.

Histological verification of seven enucleated eyeballs, 
which did not confirm SO, was of fundamental importance 
in a 14 year old patient following the application of be-
vacizumab. Above all cicatricial changes were confirmed, 
specifically an atrophic and fibrotised ciliary body and an 
irregularly convoluted detached retina (Fig. C4) with glio-
sis and post-inflammatory atrophy and fibrotisation of the 
choroid (Fig. 4D). In this uveitis, with regard to the prece-
ding type of operation it was possible to assume co-parti-
cipation of type II cytotoxic mechanism of hypersensitivity. 
This image of cicatricial changes without floridly progre-
ssing granulomatous inflammation was detected in the 
enucleated eyeballs of both young women with JIA uveitis. 
It is possible to assume that this concerned a type III im-
mune complex mechanism of hypersensitivity characteris-
tic for JIA, and not type IV hypersensitivity.

Histological verification of an eyeball examined by con-
sultation in a 71 year old woman, in which SO originated 
following vitrectomy performed due to vitreoretinal pro-
liferation, confirmed this pathology. The retina was with 
chronic total detachment, entirely disorganised and seve-
rely gliotically altered. In the connecting subretinal pro-
liferations and also in the uveal tissue itself there were 

Fig. 4. Clinical finding of phacoantigenic uveitis in 14 year old girl: right eye (A), left eye (B), 
histological finding: fibrotised ciliary body with gliosis of detached retina, enlargement 100x, 
HE (C), gliosis of retina and fibrotisation of choroid, enlargement 400x, HE (D)
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inflammatory deposit infiltrates formed predominantly 
by lymphocytes and macrophages (Fig. 5A) with pronoun-
cedly dominant T-lymphocytes (Fig. 5B). Immunohistoche-
mically (Fig. 5 below) there were positive sub-populations 
of CD3, but also CD4 with CD8. The minority part of the 
infiltrate was formed by B-lymphocytes CD20. In the infil-
trate there was relatively abundant participation of macro-
phages positive for antibodies CD68, which bordered the 
Dalen-Fuchs nodules.

CONCLUSION

NT draws attention to the current increased activation of 
lymphocytes, without differentiation of the representation 
of sub-populations and their absolute number in the mecha-
nism of uveitis in type IV hypersensitivity. Immunosuppre-
ssant therapy fundamentally influences this activity by means 
of a decrease in values, primarily in SO, but also of uveitis of 
other types of hypersensitivity. Immunohistochemical exa-
mination demonstrates various representation of individual 
types of lymphocytes according to the stage of SO. 

DISCUSSION

A nucleolar test was included in the points system of ha-
ematological examinations of the General Health Insuran-
ce Company in the Czech Republic under code 91467, and 
is still valid. This examination was previously used in the 
case of pathological conditions in which there is a contri-

bution of late cellular hypersensitivity. The reaction of the 
graft to the host following transplantation of bone marrow 
(30) and in relation to rejection of kidney grafts (44) was 
accompanied with an increase in the number of activated 
lymphocytes. This fact was the reason for our inclusion in 
the range of laboratory immunological examinations in the 
case of our patients with SO. This concerns an examination 
connected with the name of the Czech haematologist, pro-
fessor K. Smetana, when its precise rules were stipulated 
during the course of the 1960s and 70s (67, 68, 71). Chro-
nic lymphocytic leukaemia in advanced stages was accom-
panied by an increase in the number of active nucleoli, and 
subsequent chemotherapy reduced their number (73), as 
confirmed by the ultrastructure of the nucleoli (70), which 
is a parallel to the decrease of active lymphocytes in SO 
upon immunosuppressant therapy of our patients and 
upon maintenance doses of these medications, which was 
confirmed also in the case of other medications (21). An 
increase in the number of active nucleoli was demonstra-
ted in the case of systemic pathology of conjunctival tissue 
(44) in connection with activity of joints in JIA and rheu-
matoid arthritis in adults (77). In our patients, in whom 
uveitis was linked with JIA, with only ocular symptomato-
logy, increased activity of nucleoli in lymphocytes was not 
manifested also with regard to immunosuppression. The 
increase of nucleoli in lymphocytes of the peripheral blood 
was demonstrated in persons who liquidated the disaster 
at the nuclear power plant in Chernobyl as a cytogenic ra-
diation effect (32). At present the use of NT for autoimmu-

Fig. 5. Histological finding of sympathetic ophthalmia (SO) – hypertrophied uvea with in-
filtrate of lymphocytes and macrophages (A), enlargement 100x, HE, detail of lymphocytic 
infiltrate of choroid (B), enlargement 600x, HE. Below immunohistochemical verification of 
SO. Dalen-Fuchs nodule bordered CD68, further CD3 and CD20, enlargement 400x 
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ne diseases and blood tumours has been surpassed due 
to a through-flow cytometer distinguishing individual sub-
-populations of lymphocytes in peripheral blood. Further-
more, proliferation markers Ki67 (MiB1) distinguish the 
ongoing cellular cycle of cells in the phase of mitosis and 
preparation for it. Despite this, NT can provide new obser-
vations, also in the field of other types of uveitis.

Sympathetic ophthalmia in Czechoslovak ophthalmology 
first appeared within the period of 1927-1932, with regard 
to the authors of six articles it is possible to name distin-
guished ophthalmologists such as professor Záboj Bruckner: 
Ophthalmia sympathica in luetico following perforated 
serpiginous ulcer (10) or professor Václav Vejdovský: Sym-
pathetic ophthalmia following cataract surgery (80). After 
the Second World War there was an endeavour to treat SO 
with the aid of penicillin, which at that time was considered 
causal (19). The first immunosuppressant treatment of this 
disease in Czechoslovakia was described in 1958 with the 
aid of adrenocorticotropic hormone (ACTH) and prednisone 
(38). In the case of a 17 year old girl, treatment was con-
ducted by means of the above-stated immunosuppression 
and without enucleation of the injured eye (39). A study of 
four patients always addressed the condition of the injured 
eye upon generation of SO by enucleation. The author sup-
ported the infection-allergy theory of the origin of SO, and 
as a result the patients were treated generally with pred-
nisone and antibiotics (57). Relapse of SO was triggered by 
an endeavour to release seclusion of the pupil by corepraxis 
(with the aid of photocoagulation technique) (35). Timely 
and effective immunosuppressant therapy in a combination 
of azathioprine and prednisone enabled saving of the eye-
ball and the performance of reconstructive surgery on a 17 
year old patient (17). The last hitherto published study now 
deals with the issue of SO as a consequence of pars plana 
vitrectomy in two patients out of four observed, in which 
prednisone was therapeutically selected, or in a combinati-
on with MTX or CsA, without enucleation (75).

With regard to the fact that 13 years have passed since 
this last study and SO still receives substantial attention 
from ophthalmologists at present (PubMed), we have also 
included an analysis of the literary data.

Historical view of sympathetic ophthalmia. It is assumed 
that SO was the subject of study already in the times of Hi-
ppocrates. The first written report was recorded by Con-
stantius Cephalis in approximately 1000 BC: “The affected 
eye frequently transmits its suffering to the other” (20). The 
clinical picture of SO was first described in book form in Greek 
in the 16th century: “After injury of the right eye, the left eye 
was also subsequently severely affected” (8). The actual term 
“sympathetic” illness was first used by MacKenzie in the 19th 
century (52). At the beginning of the 20th century Pusey ex-
pressed a hypothesis concerning the hypersensitive character 
of the pathology (60). The theory of the origin of SO was focu-
sed on by two historically celebrated ophthalmologists; pro-
fessor Fuchs described nodular infiltration of the uveal tract 
(25), and professor Elschnig considered the antigenic proper-
ty of uveal pigment to be the cause of the pathology (22).

Etiology of sympathetic ophthalmia. An American study 

of SO from the period of 1913-1978 on 105 patients, with 
a predominance of men (67%), was conditioned primarily 
as postoperative complications of then-performed intraca-
psular extractions of cataracts in 28% of cases, despite the 
fact that there was a general predominance of penetrating 
injuries in the etiology (53%), and at the same time SO was 
also described in the case of severe contusions of the eye 
(51). In a more recent Indian study from the turn of the 21st 
century the representation of men was similar, 62% of 130 
patients with SO, and its etiology was post-traumatic in 3/4 
of cases (78), which corresponds to observations from the 
1980s (13). A summary overview of Czech and Slovak stu-
dies from 1958-2017 shows 89% representation of men and 
73% of injuries out of 19 observed patients. The annual inci-
dence of SO at the end of the last century decreased to 0.03 
per 100 000 of the population (41). The danger of onset of 
SO following a penetrating injury is within the range of 0.1 
to 0.3%, whereas in ocular surgery overall it is only 0.02% 
(56). At the end of the last century SO was described in iso-
lated cases following cataract surgery, in the initial stages of 
implantations of intraocular lenses (79). A far more serious 
risk is represented by vitrectomies with an incidence from 
0.06% (28) to 0.97% (32); at present these are primarily re-
operations with a frequency of 0.125% (3), and in the case 
of retinal surgery in 0.37% (33). The most numerous and 
latest cohort of 175 patients with SO from the Commonwe-
alth states only 16 cases of SO following vitrectomies (9%) 
out of a total number of 41 365 of these operations, which 
means that the risk is now only 0.038% (80). SO following 
vitrectomies has been recorded twice also in this country 
(75). In the case of a procedure without breaching the cor-
neoscleral limbus of the eye there also still remains a danger 
of occurrence of SO. It has occurred upon YAG cyclotherapy 
of glaucoma (4, 50), in which the incidence of SO decreased 
from 5.8% in the 1990s (49) to 0.03 to 0.17% (4) in this cen-
tury. SO may originate also following brachytherapy of me-
lanoma (1, 24) or proton therapy (8) and its resection (29).  
Furthermore this tumour may trigger the onset of SO throu-
gh its growth (51, 56). In rare cases the onset of SO has been 
observed following the application of a filling in extraocular 
retinal surgery (58). SO has originated following perforation 
of a corneal ulcer, triggered by chemical burn (65), as well as 
following other stimuli (51). Recently SO has been recorded 
following anti-VEGF therapy, due to the influence of intravi-
treal application of bevacizumab (9, 66).

Time factor of onset of sympathetic ophthalmia. The 
severity of SO consists in the fact that it can occur even 
several years after the ocular trauma (14, 54, 51); in the li-
terature the range is stated at from 5 days to 66 years (14). 
Isolated cases of SO have already been described previous-
ly (2%) with confirmed histological verification manifesting 
shortly after enucleation (16, 51). This was also confirmed 
by a later study in 5 to 7% (14). We detected this in one 
patient. The most frequent and initial symptoms of SO are 
a deterioration of vision in 89% accompanied with pain in 
29% and vitreous opacities in 24% (78), as well as ciliary 
injection and photophobia (76).

Laboratory verification of sympathetic ophthalmia. 
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The pathology is stated as bilateral granulomatous uveitis, 
characterised by a pronounced proportion of T-lymphocy-
tes in the inflammatory infiltrate of the choroid together 
with macrophages (14, 63), which are decisive for the his-
tological diagnosis. This corresponds to the theory of type 
IV hypersensitivity, in which SO served as its model in the 
1980s (34). Immunohistochemical studies in further years 
revealed new facts, since D-F nodules contain T-lymphocy-
tes, mainly CD4 (helpers) and CD8 (suppressors or cytotoxic 
cells) in a ratio of 3:1 to 4:1 (later the proportion is rever-
sed). NK cells are diffusely throughout the entire choroid. 
There is also presence of a small quantity of B-lymphocytes 
in the acute phase (11, 14). Moreover B-lymphocytes were 
detected in a larger number in D-F nodules in two out of 
four enucleated eyeballs (5). Later it was detected that the 
number of macrophages and B-lymphocytes may be higher 
than T-lymphocytes in different phases of SO (6) in the final 
phase of SO, when B-lymphocytes reactivate T-lymphocytes 
(17). More detailed detection showed that in the first phase 
of SO granuloma of D-F nodules contain M1 macrophages 
(CD68, CD 163) than other T-lymphocytes. The PCR (poly-
merase chain reaction) method detected only specific cy-
tokines in the nodules (IL-7, IL18, IL-20, CCL19 and CXL11) 
(27). With regard to NT positivity in blood tumours with a 
pronounced representation of B-lymphocytes (73), it en-
sues that for the activity of NT in SO it is not decisive as to 
whether this concerns T- or B-lymphocytes and their absolu-
te value, but what is of fundamental importance is the ove-
rall biological activity of all lymphocytes. Neither analysis of 
the information over several decades on the information 
portal PubMed, nor several fundamental studies on SO in 
their conclusions and detailed discussions in recent years (3, 
16, 17) have provided information about the possibilities of 
monitoring SO upon evaluation of sub-populations of lym-
phocytes in peripheral blood. Levels of T-lymphocytes are 
described as variable (23, 56) or a decrease of sub-popula-
tion CD4 and the thus ensuing change in the immune regu-
lation index (54). This was confirmed by its decrease upon 
examination in two of our patients. A decrease of T-lympho-
cytes was demonstrated in peripheral blood in correlation 
with an increase thereof in uveal tissue (37). None of these 
examinations of levels of lymphocytes in peripheral blood 
are of a dynamic character, because SO does not have sys-
temic manifestations. In the SD-OCT image D-F nodules ma-
nifest hyperreflexive lesions in RPE with impairment of the 
transition of internal and outer layers of fibres (53).

Pathogenesis of sympathetic illness. It is also considered 
that a histocompatible code of those affected applies within 
the etiology of origin of the pathology. A higher incidence of 
the antigen A11 (14, 62) was determined, which we confir-
med in one patient. The antigen B27 may also have a certain 
significance (62), confirmed in another of our patients. Of 
other predisposing antigens these are B40 and DR4/DRw53 
or DQw3 (14), later other antigens HLA-DRB1 and DRQA1 
were stipulated in the white population (42). In seeking the 
etiological causes of SO a direct relationship was detected 
with Vogt-Koynagi-Harada (VHK) syndrome, characterised 
by uveo-menigoencephalitis and uveo-cutane syndrome. 

Both pathologies are accompanied by similar bilateral gra-
nulomatous uveitis with extensive infiltration of the cho-
roid, conditioned by a T-lymphocytic reaction to an uveal re-
tinal antigen (60), characterised as an autoimmune disease 
with immunological dysregulation (2) and certain common 
HLA antigens, specifically DR4 and DRW53 (12). VKH syndro-
me in its initial stages is manifested in a decrease in T-lym-
phocytes, primarily of sub-populations of CD4, but also CD8 
(49), which we confirmed by means of a decrease of overall 
T-lymphocytes in two boys (48). In the later stages of the 
pathology there was an equalising to rise of T-lymphocytes 
(12, 48, 49). From this it ensues that observing the level of 
T-lymphocytes in peripheral blood in VHK syndrome enab-
les its monitoring, unlike SO. No exact experimental model 
of SO exists yet, but in monkeys it was possible to develop 
uveitis with D-F nodules by the antigens IRBP and S-A (54). 
New types of experimental autoimmune uveitis in animal 
models demonstrated the influence of cytokine dysregu-
lation and mitochondrial oxidative stress. Precisely in the 
case of SO, the influence of photoreceptor mitochondrial 
damage is considered (55), and here also the influence of 
TNF-alpha, leading to apoptosis of photoreceptors, is consi-
dered (17). An autoimmune reaction is assumed against the 
originally sequestered retinal antigen (S-Ag) or inter-photo-
receptor retinoid-binding protein (IRDP) or rhodopsin (16). 
Cellular immunity has also been evaluated, e.g. blastic acti-
vity or lymphocytic transformation (23). A new strategy of 
treatment could be represented by synthetic preparation of 
microRNA. Identification of change in the level of microRNA 
upon its expression profiles the possibility of a new view of 
the pathogenesis of SO, because in the case of this disease 
a number of specific microRNA have been detected, which 
are used as a regulating medium in activation of lympho-
cytes. Both methods, namely the American (36) and Czech 
(67, 68, 71) focus on changes of lymphocyte activation. The 
American method of the study uses molecular genetic ana-
lysis based on PCR (36), whereas the Czech method of pro-
fessor Smetana (67, 68, 71) is morphological work with the 
aid of microscopic laboratory examinations. They are linked 
only indirectly, but a certain correlation exists. This concerns 
verification of the state of RNA transcription in the nuclei of 
the lymphocytes influencing their biological activity.

Therapy of sympathetic ophthalmia. In treatment of SO, 
whether with or without enucleation of the exciting and ini-
tiating eye, general immunosuppressant therapy is applied, 
which is the most economically demanding of all uveitis (45). 
In addition to corticosteroids in high doses, which still form the 
basis of therapy (14, 23, 54, 56, 75), we applied mainly at the 
beginning. Later other immunosuppressants and cytostatic 
drugs were included: azathioprine, CYC, MTX, mercaptopuri-
ne (14, 23) or high doses of chlorambucil (59), in combination 
with mycophenolate in the case of refractory SO (17). Above all 
CsA is used (14, 56), which we ourselves have most often used 
to treat SO in the last decade. Recently the possibility of SO 
therapy using biological treatment by adalimumab has been 
discovered, with the aim of influencing cytokine mechanisms 
and TNF (tumour necrosis factor) (40), and also as supplemen-
tary therapy in the case of its refractory form (30). An addition 
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to systemic therapy of SO is intravitreal application of afliber-
cept in order to remove the choroidal neovascular membrane 
(64), and dexamethasone to suppress cystoid edema (81). It 
still applies that the only prevention of SO of the second eye 
is timely enucleation of the irritated blind injured eyeball, but 
there is no uniform consensus on this (3, 13). Large studies pre-
sent enucleations in the case of SO, in 100% (n = 105) (51) and 
in 28% (n = 130) (78) respectively. Czech and Slovak studies in 
summary present enucleation in 68% of cases. Following ocu-
lar injuries, evisceration of the eyeball is recommended before 
enucleation only in cases with a low risk of SO (3, 82), since the-
re is a risk of insufficient removal of the uveal tissue remaining 
in the emisaries (3). Later enucleation following activation of 
SO has no influence on its course (14, 56).

Differential diagnosis of sympathetic ophthalmia. In our 
region it is necessary to consider above all phacoantigenic 
uveitis, which represents a set of pathologies with differing 
clinical symptoms, pathological mechanisms and histolo-
gical verifications (18, 76). For this reason several types of 
uveitis generated by lens materials have been distinguished 
(54): phacotoxic non-granulomatous anterior uveitis, gra-
nulomatous uveitis triggered by lens materials, non-specific 
infiltration with macrophage reaction to lens materials, pha-
coanaphylactic endophthalmitis of non-infectious etiology. 
In the literature the term phacoanaphylactic uveitis is also 
used (12). The reason for this differential diagnostic view is 
the mechanism of origin (injury and postoperative state) and 
the similarity of the initial clinical stages of the pathology. In 
SO this predominantly concerns a T-lymphocyte reaction in all 
parts of the uveal tissue within the framework of remote ce-
llular hypersensitivity, whereas in the case of phacoantigenic 
uveitis this concerns a reaction to a lens antigen within the 

framework of cytotoxic or immune complex hypersensitivity 
(18, 54) with the participation of an Arthus reaction of B-lym-
phocyte (12). Nevertheless, the most significant influence in 
the mechanism of phacoantigenic (phacoanaphylactic) uvei-
tis is exerted by macrophages (18). The inflammatory gra-
nulomatous reaction is concentrated predominantly around 
damaged lens (16). Absolute differentiation of SO from pha-
coantigenic uveitis is enabled only by precise histological veri-
fication (in blind eyeballs), as was performed on our patients. 
Several times we recorded bilateral uveal irritation following 
unilateral injuries, which could correspond to cytotoxic or im-
mune complex hypersensitivity. 

Prognosis of sympathetic ophthalmia. SO is a very se-
rious ocular pathology with a poor prognosis of vision, as 
a result of which timely diagnosis and sufficient therapy 
exerts a fundamental influence (14). Timely enucleation of 
the exciting and initiating eye has been considered nece-
ssary for a good prognosis of vision of the sympathising 
eye (51), which still applies for blind and long-term irrita-
ted eyes. Relapse of the pathology is very probable, de-
spite the fact that many patients live without symptoms 
of this inflammation for many years (14). We ourselves 
recorded a relapse of SO which occurred after 38 years of 
a pacific condition. This contrasted with another patient, 
in whom there was permanent remission of the pathology 
at the end of the study for 32 years. Vision may be funda-
mentally influenced by complications: cataract, glaucoma 
and macular edema. In order to retain remission of SO it 
is necessary to ensure long-term immunosuppressant 
therapy (14). In all three patients with SO whom we are 
continuing to monitor up to now, we are continuing with a 
maintenance dose of immunosuppressants.
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