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ABSTRACT
Purpose Allergic conjunctivitis (AC) can be caused by an
allergic reaction localised exclusively in the conjunctivae
and initiated by direct exposure of conjunctivae to an
allergen (primary AC form) or it can be induced
secondarily by an allergic reaction occurring primarily in
the nose (secondary AC form).
Objectives To investigate the cellular profiles in tears
accompanying the particular types of secondary
conjunctival response (SCR).
Methods In 53 seasonal AC or perennial AC patients
developing 53 positive SCRs (17 immediate, 21 late, 15,
delayed) and 31 negative responses to the nasal
provocation test with allergen (NPT), the NPTs were
repeated and supplemented with, cytological
examination of the tears.
Results The immediate SCRs (p<0.01), appearing
10e120 min after the NPT, were associated with
increased eosinophil and mast cell counts. The late SCRs
(p<0.01), occurring 5e12 h, were accompanied by
increased eosinophil, neutrophil, basophil and epithelial
cell counts. The delayed SCRs (p<0.05), appearing
24e48 h, were associated with increased lymphocyte,
neutrophil, monocyte, epithelial and goblet cell counts.
Conclusions The secondary immediate, late and
delayed conjunctival responses, induced by nasal allergy,
were associated with different cellular profiles in the
tears. The cells, except mast, epithelial and goblet cells,
displaying no intracellular changes, had probably
migrated from conjunctival capillaries, affected by factors
released during the initial nasal allergic reaction, without
participating in the allergy processes. In AC patients
demonstrating insufficient therapeutic compliance, the
role of nasal allergy should be examined.

INTRODUCTION
Disorders of the conjunctiva in which an allergic
component plays a key role include three groups:
(1) allergic conjunctivitis (AC) affecting only
conjunctiva, such as seasonal AC or perennial AC;
(2) allergic keratoconjunctivitis, affecting conjunc-
tiva and cornea, such as vernal keratoconjunctivitis
and atopic keratoconjunctivitis; and (3) giant
papillary conjunctivitis.1e5 Two forms of AC can be
distinguished; an AC form, where the allergic
reaction takes place primarily in the conjunctiva
due to the direct exposure of conjunctiva to an
external (inhalant) allergen (so-called primary AC
form), and an AC form, which is secondarily
induced by the allergic reaction occurring primarily
in the nasal mucosa due to the exposure of nasal
mucosa to an allergen (so-called secondary AC
form).6e8

Various hypersensitivity mechanisms, such as
immediate (immunoglobulin E (IgE)-mediated,

type I), late (type III) or delayed type (cell- mediated,
type IV) can participate in the primary and in the
secondary form of AC.1e16 The involvement of
different immunological mechanism results, then, in
the development of different types of conjunctival
response (CR), an immediate CR (ICR), a late CR
(LCR) or a delayed CR (DYCR).1e3 6e11 13e16

There is a dearth of information concerning the
role of an allergic reaction occurring initially in the
nasal mucosa in the induction of the secondary
conjunctival response (SCR).8 Moreover, no data are
available to illustrate the cytological changes in the
tears accompanying the particular types of SCR.6e8

The purpose of this study being a continuation
of our earlier work7 8 was: (1) to investigate the
appearance and changes in the counts of particular
cell lineages in tears during the SCR types; (2) to
evaluate the significance of the individual cell types
and the changes in their counts in tears for the
possible mechanism(s) underlying the SCRs.

PATIENTS AND METHODS
Patients
Fifty-three of the 87 patients suffering from AC for
more than 4 years, responding insufficiently to the
ophthalmologic treatment, referred to our Depart-
ment of Allergology & Immunology (Institute of
Medical Sciences ‘De Klokkenberg’, Breda, The
Netherlands) for more extensive diagnostic anal-
ysis, have developed SCR to the nasal provocation
tests (NPT) with allergen, performed as a part of
the routine diagnostic procedure. They volunteered
to participate in this study. These patients, 24 men
and 29 women, 18e41 (2765; mean6SD) years of
age, seasonal AC (SAC; n¼24) or perennial AC
(PAC; n¼29), showed conjunctivitis symptoms and
positive skin tests to various inhalant allergens.
They all had normal intraocular pressure and did
not suffer from other disease. The conjunctival
provocation tests (CPT) with various inhalant
allergens (n¼27) performed previously in 16 of
these patients were negative. Patients were treated
with topical and systemic H1-receptor antagonists,
ocular glucocorticosteroids, topical vasoconstric-
tors, decongestants and non-steroid anti-inflam-
matory drugs without substantial improvement in
their conjunctival complaints.
Patients underwent a routine diagnostic proce-

dure consisting of a detailed disease history
recording, general examination, laboratory tests,
bacteriological screening of the tears and nasal
secretions (NS), skin tests with inhalant allergens,
x-ray of the paranasal sinuses, nasoscopy, cytolog-
ical examination of the NS and tears, ophthal-
moscopy, slit-lamp evaluation and vital staining
with fluorescein.
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The diagnostic procedure revealed a positive nasal allergy
history (n¼46; table 1S), positive skin (intradermal) tests with
various inhalant allergens (n¼53; table 1S), oedematous nasal
mucosa, increased eosinophil and neutrophil counts in the NS
(n¼51), conjunctival hyperaemia, hypersecretions (n¼53), blood
eosinophilia (n¼7) and positive specific IgE in the serum (n¼11).
In these 53 patients, 84 NPT with inhalant allergens, with
respect to the suspect disease history and/or positive skin tests
(table 2S) and 53 phosphate-buffered saline (PBS) control tests
were performed by rhinomanometry6e8 17 18 combined with
recording of the ocular signs and symptoms.6e8 The patients
were investigated in a period without acute ocular and nasal
complaints, outside the allergen-relevant season.

The 53 positive NPTs and 53 PBS controls (table 1S; figure 1C,
figure 2C, figure 3C) were repeated 1e2 weeks later and
supplemented with tear collection for the cytological examina-
tion. Long-acting H1-receptor antagonists and topical gluco-
corticosteroids were withdrawn 6 weeks, whereas other
treatments 48 h before each of the NPTs.

Ethical approval
The study protocol was approved by the Ethical Committee
IBR-MCK (Institute of Medical Sciences ‘De Klokkenberg’,
Breda, The Netherlands) and oral informed consent was
obtained from all study participants.

Allergens, skin tests, nasal challenges with allergens and
control challenges with PBS are described in the online supple-
mentary files.

Conjunctival response
The conjunctival and subjective symptoms were registered
before and during all NPTs with allergens and PBS controls at
the same time-points as the NPG (nasopharynx-nostril pressure
gradients ¼ D P in cm H2o) values.6e8 The conjunctiva was
assessed by ophthalmoscopy including a slit lamp. The
conjunctival signs (hyperaemia/injection, chemosis, hyper-
lacrimation, and palpebral oedema) and the subjective symp-
toms (itching/burning, blurred vision and photophobia) were
evaluated by means of the Pelikan’s scoring system (table 3S).7 8

The evaluation criteria were as follows: 0 ¼ absent, 1 ¼ mild
(present to a slight degree), 2 ¼ moderate, 3 ¼ pronounced
(moderately severe), 4 ¼ severe (table 3S). Differences in total
sign score of $4 points (361, mean6SE), recorded at least at
three consecutive time-intervals, were found to be statistically
significant (p<0.05).7

Collection and processing of tears
The tears were collected from the fornix of each eye separately
by means of micropipette before, and repeatedly after the NPTs
by the following schedule: (1) Secondary ICR (SICR): before and
0e10, 20e30, 60, 90, 120, 180 and 240 min after the challenge
(the tear samples collected from 0 to 10 and from 20 to 30 min
were pooled with respect to the small amounts); (2) Secondary
LCR (SLCR): before and then 30, 60 and 90 min and every hour
up to the 12th h and at 24th and 28th h after the challenge; (3)
Secondary DYCR (SDYCR): before and 30, 60 and 120 min and
every second hour during the time-periods between the
24the36th and 48the56th h after the NPTs.

The tear specimens (10e20 ml; 1465¼mean6SD) were spread
out on the slide surface by means of a glass probe. The air-dried
specimens were fixed by polyethylene glycol and stained by
modified May-Grünwald-Giemsa method.6 17 18

Specimens were dehydrated by methyl alcohol, mounted in
Canada balsam and scanned microscopically by a double-blind

manner.6 17e19 The particular cell types were distinguished
according to the cytological criteria described in detail in our
previous papers.6 17e19 The absolute numbers of particular cell
types were counted per microscopic field at magnification 3250,
and the mean values were, calculated from 20 fields per each eye
separately. The mean values from both the eyes were finally
calculated and expressed in numbers of cells per 1 microscopic
field (3250 magnification). Doubtful cells were re-examined
under oil immersion (magnification 31200).

Control group
In 12 patients with allergic rhinitis without ocular disease
history and with normal ophthalmological findings who
volunteered to participate as controls, the 12 repeated NPTs
were supplemented with conjunctival feature registration and
cytological examination of the tears.

Statistical analysis
The mean NPG and the mean total conjunctival scores of the
same response type were compared with corresponding PBS
values at each of the time-points and analysed by the
ManneWhitney U test. The changes in the cell counts during
the NPTs and PBS controls were analysed by the Wilcoxon
matched-pair signed rank test, comparing the post-challenge
with the mean pre-challenge values at each of the time-points.
The cellular changes were evaluated separately from each eye
and then their means from both the eyes were calculated. A
p value <0.05 was considered to be statistically significant.20

Additional statistical analysis is presented in the online
supplementary files.

RESULTS
Nasal responses (NRs) are presented in the online supplementary
files.

Secondary conjunctival responses (SCRs)
The 53 repeated NRs were associated with following positive
SCRs (4 or more total score points at least at three consecutive
time-intervals)7: (1) 17 immediate response (SICR; figure 1B):
onset within 10, maximum between 45 and 60 and resolving
within 120 min (p<0.01); (2) 21 late response (SLCR; figure 2B):
onset between 5 and 6, maximum between 7 and 10 and
resolving within 12 h (p<0.001).; (3) 15 delayed response
(SDYCR; figure 3B): onset between 24 and 28, maximum
between 30 and 36 and resolving within 56 h after the NPT
(p<0.05). No corneal signs were observed during the SCR of any
type. No significant conjunctival changes were recorded during
the 31 negative nasal responses (NNRs; p>0.05) or the 53 PBS
controls (p>0.2). No differences in the conjunctival features
were observed between the right and left eye (p>0.1). Agree-
ment of SCRs with disease history and skin tests is presented in
table 2S.

Cytological changes in the tears during the SCRs
The SCRs were accompanied by relatively low cell counts in
tears as compared with the primary types of AC.9e11 16 21e25

The SICRs were associated with increased counts (p<0.05) of
eosinophils and mast cells in tears between 30 and 60 min after
the NPT (figure 1A, table 1). The mast cells displayed disap-
pearance of most intracellular granules, intracellular vacuolisa-
tion, cellular membrane wrinkling, diminished stain intake and
some of them were disrupted. The eosinophils were intact. The
SLCRs were accompanied by increased counts (p<0.05) of
eosinophils between 3 and 7 h, neutrophils between 5 and
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10 h, basophils at 3 h and epithelial cells between 9 and 10 h
after the NPT (figure 2A, table 2). The cells were intact. The
epithelial cells exhibited cellular deformation, cellular membrane

wrinkling and diminished cytoplasmic homogeneity. The
SDYCRs were associated with increased counts (p<0.05) of
neutrophils between 12 and 32 h, lymphocytes between 24

Figure 1 The secondary immediate conjunctival
responses (SICRs; n¼18) accompanying the
isolated immediate nasal responses (n¼17). (A)
The mean score of particular cell counts during
the SICR: ¼ eosinophils; ¼ neutrophils; ¼
basophils; ¼ mast cells; ¼ lymphocytes;
¼ monocytes; ¼ goblet cells;
¼ conjunctival epithelial cells. (B) The mean

total score of conjunctival signs and symptoms
during the SICR and phosphate buffered saline
(PBS) . (C) The mean rhinomanometric values
(NPG) recorded during the isolated immediate
nasal responses and PBS . ALL, Allergen
challenge; Bars, mean6SEM; I, Initial (baseline)
values.
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and 48 h, monocytes between 12 and 32 h, epithelial cells
between 26 and 36 h and goblet cells between 36 and 50 h after
the NPT (figure 3A, table 3). These cells were intact. The

epithelial cells were deformed, displayed cellular membrane
wrinkling, diminished stain intake, and the goblet cells
were empty and wrinkled. During the 53 PBS controls and 31

Figure 2 The secondary late conjunctival
responses (SLCRs; n¼20) accompanying the
isolated late nasal responses (ILNR; n¼21). (A).
The mean score of particular cell counts during
the SLCR: ¼ eosinophils; ¼ neutrophils;

¼ basophils; ¼ mast cells; ¼
lymphocytes; ¼ monocytes; ¼ goblet
cells; ¼ conjunctival epithelial cells. (B) The
mean total score of conjunctival signs and
symptoms during the SLCR and PBS . (C)
The mean rhinomanometric values (NPG)
recorded during ILNR and PBS . ALL,
Allergen challenge; Bars, mean6SEM;
I, Initial (baseline) values; PBS, Phosphate
buffered saline.
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NNRs, only sporadic epithelial cells were observed. No signifi-
cantly different results were found between both the eyes
(p>0.1).

Control subjects
In 12 control subjects developing four immediate (p<0.01), six
late (p<0.02) and two delayed (p<0.05) NRs to repeated NPTs,

Figure 3 The secondary delayed conjunctival
responses (SDYCRs; n¼15) accompanying the
isolated delayed nasal responses (IDYNR; n¼15).
(A) The mean score of particular cell counts
during the SDYCR : ¼ eosinophils; ¼
neutrophils; ¼ basophils; ¼ mast cells;

¼ lymphocytes; ¼ monocytes; ¼ goblet
cells; ¼ conjunctival epithelial cells. (B) The
mean total score of conjunctival signs and
symptoms during the SDYCR and PBS .
(C) The mean rhinomanometric values (NPG)
recorded during IDYNR and PBS . ALL,
Allergen challenge; Bars, mean6SEM; I, Initial
(baseline) values, PBS, Phosphate buffered
saline.
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Table 1 Mean numbers of particular cell types in tears during the positive secondary immediate conjunctival response (SICR) and phosphate buffered
saline (PBS) control challenge (n¼17)

Before the
challenge

After the challenge (min)

0e10 20e30 45 60 90 120 180 240

Eosinophils

SICR 0.5 2y 3* 3* 2y 2y 0 0.5 0

PBS 0 0 0 0 0 0 0.5 0 0.5

Neutrophils

SICR 0 0 0 0 0 0 1 0 0

PBS 0 0 0 0 0 0 0 0 0

Mast cells

SICR 0 1* 1* 1* 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0

Basophils

SICR 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0

Lymphocytes

SICR 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0

Monocytes

SICR 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0

Goblet cells

SICR 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0

Epithelial cells

SICR 0 0 0 0.5 0.5 2.0* 0 0 0

PBS 0 0 0 0 0 0 0 0 0

The statistically significant magnitude of changes in the cells in tears (mean6SD), were as follows: eosinophils 2 (2.1060.14); neutrophils 2 (2.2560.21); basophils 0.3 (0.2860.04); mast
cells 0.5 (0.3560.11); lymphocytes 1 (1.2360.16); monocytes 0.4 (0.4160.19); epithelial cells 2 (2.1760.41); goblet cells 0.2 (0.2060.04).6e8

Significance with respect to the baseline (before the challenge).
*¼p<0.05; y¼p#0.05.

Table 2 Mean numbers of particular cell types in tears during the positive secondary late conjunctival response (SLCR) and phosphate buffered saline
(PBS) control challenge (n¼21)

Before the
challenge

After the challenge (h)

½ 1 1½ 2 3 4 5 6 7 8 9 10 11 12 24 28

Eosinophils

SLCR 0 1 0 0 1 3* 4* 3.5* 3.0* 2.5* 2y 1 0 0 0 0 0

PBS 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0.5 0

Neutrophils

SLCR 0 0 0 1 0 0 0 3* 4.5* 4.5* 4.0* 3* 2.5* 0 0 0 0

PBS 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0

Mast cells

SLCR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Basophils

SLCR 0 0 0 0 0 1* 0 0 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lymphocytes

SLCR 0 0 0 0 0 0 0 0 0 0 0 0 0 1y 1y 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Monocytes

SLCR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Goblet cells

SLCR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Epithelial cells

SLCR 1 0 0 0 0 0 0 0 0 0 1 2* 2* 0 0 1 0

PBS 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The statistically significant magnitude of changes in the cells in tears (mean 6 SD), were as follows: eosinophils 2 (2.1060.14); neutrophils 2 (2.2560.21); basophils 0.3 (0.2860.04); mast
cells 0.5 (0.3560.11); lymphocytes 1 (1.2360.16); monocytes 0.4 (0.4160.19); epithelial cells 2 (2.1760.41); goblet cells 0.2 (0.2060.04).6e8

Significance with respect to the baseline (before the challenge).
*¼p<0.05; y¼p#0.05.
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no conjunctival signs were recorded (p>0.1). In the tears, only
sporadic intact neutrophils, eosinophils or epithelial cells (<1
cell per 5 microscopic fields) were recorded.

DISCUSSION
The objective signs and subjective symptoms of AC can be
evaluated by various scoring (grading) systems, differing with
respect to the parameters registered and the numbers of the
grading points.1e4 24e28 We have applied our (Pelikan’s) scoring
system including, additionally, conjunctival chemosis, palpebral
oedema, burning, blurred vision and photophobia (table 3S).7 8

In our system, the differences between the post-challenge and
the pre-challenge mean values of the signs and symptoms were
considered as basic parameters for the assessment of the CR.

The relationship between the conjunctivae and lacrimal ways
and the nasal mucosa is realised both on the anatomical and on
the functional levels,1 3 4 6e14 26 29 including (1) connection of
the conjunctiva with the nasal cavity through the naso-lacrimal
duct, facilitating the tear drainage into the nasal cavity and
allowing also a retrograde penetration of various factors and cells
from the nasal cavity into the conjunctivae, and (2) connection
of both the organs through the blood vessels, lymphatic and the
neurogenic network. These connection modalities share some
common properties and show some links between both the
organs. An allergic reaction occurring in the nasal mucosa can
affect the conjunctiva in various ways upon involving of
different mechanisms: (1) factors released in the nasal mucosa
can reach the conjunctiva via a retrograde penetration through
the naso-lacrimal duct;4 7e15 or they can be transported by the
bloodstream through the local blood vessels4 6e13 29; (2) this

reaction can stimulate the nasal neurogenic network releasing
neuropeptides reaching the conjunctiva along and/or through
the particular nerves7 8; (3) various cells participating in the nasal
allergic reaction can migrate through the blood and/or the
lymphatic stream into the ocular tissue, or they can be expelled
into NS and migrate through the lacrimal system into the
conjunctivae;6e8 (4) the factors released during the nasal allergic
reaction can stimulate the nose-associated lymphatic tissue
(NALT), communicating with tear duct-associated lymphatic
tissue (TALT), lacrimal drainage-associated lymphoid tissue
(LDALT), conjunctival-associated lymphatic tissue (CALT) and eye-
associated lymphatic tissue (EALT).6e8 29 In this way, the trans-
mission of certain intercellular and cellular-tissue receptor signals
and cellular traffic of various cells can be realised.4e13 23e26

An additional mechanism involved in the cellular traffic
among the particular organ-associated lymphatic tissues, is the
defective ‘homing mechanism’ of the B- and T-lymphocytes,
controlled by a number of homing factors.6e8 29 The allergic
reactions in the conjunctival tissue, similar to the nasal mucosa,
are dynamic processes in which a variety of cell types are
involved in various steps of this process.1e16 21e26 These are also
exfoliative processes leading to release of various cells into the NS
or tears.1e13 15e19 These fluids execute the conditioning function
of particular organs, and the drainage function of the cells being
eliminated by the mucosal tissues after finishing their active
participation in the allergic reaction.1 3 6 9e11 13 16e19 21 25 26

However, to distinguish exactly the portion of tears resulting
from a genuine immunological mechanism from that portion
being caused by reflex mechanisms, is a very difficult if not
impossible task. Nevertheless, we are convinced that the tear
specimens, collected by the very careful and non-irritating

Table 3 Mean numbers of particular cell types in tears during the positive secondary delayed conjunctival response (SDYCR) and phosphate buffered
saline (PBS) control challenge (n¼15)

Before the
challenge

After the challenge (h)

½ 1 2 4 8 12 24 26 28 30 32 34 36 48 50 52 54 56

Eosinophils

SDYCR 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PBS 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Neutrophils

SDYCR 0 0 0 0 0 0 3* 4* 3.5* 3* 3* 2.5* 1 0 0 0 0 0 0

PBS 0 0 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0

Mast cells

SDYCR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Basophils

SDYCR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lymphocytes

SDYCR 0 0 0 0 0 0 0 2* 4* 4* 4* 4* 3* 3* 2* 1.5y 0 0 0

PBS 0 0 0 0 0 0 0.5 0 0 0 0 0 0 0 0 0 0 0 0

Monocytes

SDYCR 0 0 0 0 0 0 1* 2* 2* 2* 2* 2* 0 0 0 0 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0.2 0 0 0 0 0 0 0

Goblet cells

SDYCR 0 0 0 0 0 0 0 0 0 0 0 0 0 1* 1* 1* 0 0 0

PBS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Epithelial cells

SDYCR 1 0 0 0 0 0 0 0 3* 3* 3* 2* 2* 2* 1 1 1 0 0

PBS 1 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0

The statistically significant magnitude of changes in the cells in tears (mean6SD), were as follows: eosinophils 2 (2.1060.14); neutrophils 2 (2.2560.21); basophils 0.3 (0.2860.04); mast
cells 0.5 (0.3560.11); lymphocytes 1 (1.2360.16); monocytes 0.4 (0.4160.19); epithelial cells 2 (2.1760.41); goblet cells 0.2 (0.2060.04).6e8

Significance with respect to the baseline (before the challenge).
*¼p<0.05; y¼p#0.05.
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technique used in this study, have been produced by the genuine
immunological mechanism(s) initiated in the nasal mucosa and
inducing secondarily the conjunctival response.

The cytological examination of tears is an easy and valuable
technique for evaluation of changes in the counts and condition
of particular cell types appearing in tears during the allergic
reaction.9 11 13 16 21e25 However, the results generated by this
method are limited only to tears and they do not indicate the
cellular changes in the mucosal membrane.9 24 25

The cytological examination of the conjunctiva can be
performed by means of various techniques, such as brush,
impression and scraping technique and biopsy technique.4 5 9 11

13 16 22e25 29 The major disadvantages of these techniques,
except the brush method, is the use of anaesthetics and certain
traumatising effects of the conjunctival tissue and blood capil-
lary neurogenic receptors causing undesirable reflexes. These
techniques cannot be performed repeatedly on the same
conjunctival location owing to traumatising effects.

By contrast, the cytological examination of the tears, collected
by aspiration with a micropipette, is an easy non-traumatising
method which does not require anaesthesia and which can be
repeated almost endlessly.9 10 13 15 16 22e25 The tear specimens
can be processed and stained by various methods.5 13 16 22 23 25

We have used May-Grünwald- Giemsa staining as a basic
method.6 17e19

Studies concerning the cytological examination of tears in AC
patients are not numerous.9 16 22 The cell appearance has usually
been investigated by means of a single-tear cytogram, revealing
increased numbers of eosinophils, mast cells, epithelial cells and
sometimes neutrophils. The cytological data generated by brush,
impression or scrapping methods and conjunctival biopsy,
demonstrated some variations in the presence of eosinophils,
neutrophils, mast cells and, sporadically, lymphocytes in the
conjunctival tissue.9 16 22 25

There is a dearth of data documenting dynamic course of the
count changes of individual cell types in tears both during the
primary CR types to the CPT with allergen6 13 16 23e25 27 and
cytological changes in the tears during the SCRs due to the
NPTs.6e8

Our findings of low counts of almost intact cells in tears
during the particular types of the SCR, would suggest the
following conclusions: (1) the SICR, SLCR and SDYCR are
associated with different cellular profiles in the tears; (2) the low
counts of intact cells in tears during the SCRs, in contrast to the
higher cell counts in tears during the primary CR to CPTs with
allergen,9 13e15 24 and the high counts of the same cell lineages in
the NS during the nasal allergic reaction,6 17e19 would exclude
their participation in allergic reactions localised in the conjunc-
tivae. These cells had probably migrated directly from the
conjunctival capillaries affected by factors released during
the initial allergic reaction in the nose and penetrating into the
conjunctival tissue. By contrast, the mast, epithelial and goblet
cells, appearing in the tears during the SCRs, diplaying manifold
cellular and intracellular changes were discharged from the
conjunctival epithelium affected by factors released during
the nasal allergic reaction and penetrating, subsequently, into
the conjunctival tissue.6 9 16 17 25

In AC patients, demonstrating insufficient therapeutic
compliance to the usual ophthalmological treatment and low
cell counts in the tears, the involvement of nasal allergy should
be examined by means of the nasal allergen challenge(s)
combined with monitoring of the conjunctival features and
with respect to the outcomes, the therapeutical measures should
be, if necessary, adjusted.
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