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Conjunctival anatomy
The conjunctiva is a thin translucent mucous mem-

brane that lines the posterior surfaces of the two eye-
lids and which reflects forwards onto the anterior sur-
face of the globe of the eye. For ease of description the 
conjunctiva is divided into three regions: palpebral, 
bulbar and fornixial conjunctiva, however, all parts of 
the conjunctiva are continuous. The conjunctiva con-
sists of two layers; the epithelium and the substantia 
propria1. The epithelium has a deep layer consisting 
of cylindrical cells covered by a number of layers of 
polyhedral cells with the most superficial cells being 
flattened while still retaining their nuclei1. The sur-
face of the conjunctiva consists of non-keratinizing 
squamous epithelium with goblet cells interspersed 
between the epithelial cells. The basal layer of the ep-
ithelium presents with hemidesmosomes and tonofila-
ments and is separated from the substantia propria by 
a thin basement membrane2. Collagen fibrils of con-
nective tissue are found beneath the basement mem-
brane2. The thickness of the conjunctival epithelium 
varies between two and five cells (approximately)2. 

Goblet cells can be found in all areas of the con-
junctiva and they are large, oval or round cells that 
resemble fat-cells and have flattened nuclei1. Goblet 
cells are more numerous in the caruncle, semilunar 
folds and fornixial areas2. Goblet cells are essentially 
absent from the limbal conjunctiva2. The conjunctival 
mucosubstance is derived from the goblet cells that 
exist in the conjunctiva. The cytoplasm of goblet cells 
is packed with collections of rope-like mucin that is 
released onto the surface of the conjunctiva2, 3. 

An electron microscopic study4 of the surface of 
the conjunctiva reveals that the epithelium of the con-
junctiva has a continuous sheet of cells that have a 
polygonal shape with a shaggy texture. Randomly 
distributed among the epithelial cells are the goblet 

cells. Goblet cells were able to be categorized into 
small, mature and hypermature cell types4. The small 
goblet cells presented with flat surfaces, elliptical 
outlines and short microvilli. The mature cells were 
more globular and were more elevated relative to the 
surrounding tissue. Hypermature goblet cells were 
also globular but were without the microvilli. Goblet 
cells that had discharged their contents were found 
to have retracted into the surrounding surface tissue 
leaving a small surface defect that was covered over 
with time4.

Impression cyctology
“…is the technique of collection of the most super-

ficial layers of the ocular surface by applying different 
collecting devices (usually filter papers) so that cells 
adherent to that surface are subsequently removed 
from the tissue and further processed for a diversity of 
techniques. It represents therefore a non- or minimally 
invasive biopsy of, usually, the conjunctiva5…”.  Im-
pression cyctology was first introduced in 1977  when 
it was noticed that absorbent filters (for example Mil-
lipore membrane filter VSWP 0.025µm) would not 
only remove mucous secretions from the conjunctival 
surface but sheets of epithelial cells, which included 
goblet cells, as well5. Once the specimen is obtained 
the cells are fixed and then stained for analysis5. 

In general terms conjunctival impression cytology 
(CIC) involves the following5-11: 1. A piece of filter 
paper is applied to the conjunctival surface for ap-
proximately 2-5 seconds. Some authors recommend 
instilling aneasthetic but the procedure can be carried 
out without it. 2. The filter paper is removed from the 
conjunctiva in a peeling motion to ensure maximal 
collection of surface cells. 3. The cells are fixed by 
various means. 4. The cells that are adherent to the 
filter paper are stained to enhance the visibility of 
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the goblet cells with counter staining of the epithelial 
cells to increase the contrast of the goblet cells. 5. The 
specimen is examined under a light microscope and 
various analyses of the visible cells are conducted.  

Tissue fixation is a prerequisite to all cell and tis-
sue staining procedures12. Fixation is necessary for a 
number of reasons: to inhibit autolysis and bacterial 
contamination, prevent solubility of those compo-
nents that are of interest and provide conditions that 
will enhance the effects of various biological dyes12. 
Fixatives that are commonly used in CIC are: formal-
dehyde (formalin), glutaraldehyde, ethanol and meth-
anol12. Some authors make use of a spray fixative but 
do not give specific names9. 

In CIC staining involves submerging the specimen 
in a sequence of different dyes. One of the better stains 
for the demonstration of the presence of carbohydrate 
derivatives (mucin) in tissues and cells is the Periodic 
acid-Schiff’s reagent (PAS). The reaction that occurs 
is an oxidation of vicinal glycol groups or their amino 
or alkylamine derivatives by the periodic acid. This 
oxidation produces dialdehydes that then react with 
the Schiff’s reagent resulting in a magenta coloration 
of all cells containing mucin, the goblet cells (and 
their secretions) in this case12. After PAS staining the 
specimen is then transferred to hematoxylin which 
acts as a counter-stain to stain the epithelial cell nu-
clei that are present on the filter paper5. Hematoxylin 
stains cell nuclei a blue-black color resulting in en-
hanced observation of the epithelial cells that form 
part of the specimen. Hematoxylin itself is not a stain. 
It is an oxidation product, haematein (a natural dye),  
that results in the characteristic coloration of the nu-
clei13. 

Various staining protocols have been published in 
the past16-10, however, only one example of a staining 
protocol is going to be given. The staining protocol 
presented here is one that is a modified Nelson proce-
dure10, 14, the following steps are conducted: 1. Once 
the specimen has been fixed with a spray fixative it 
is rinsed in distilled water. 2. The specimen is sub-
merged in periodic acid for 10-15 minutes. 3. Rinse 
in distilled water. 4. Immerse in Schiff’s reagent for 
15-20 minutes. 5. Rinse in tap water for 5 minutes. 6. 
Stain with hematoxylin for 1-2 minutes. 7. Rinse in 
tap water. 8. Allow to dry. 9. Mount on microscope 
slide. At this point in time the specimen is ready to be 
analyzed under a microscope. An investigation15 into 
various aspects of the CIC procedure (for example: 

the filter size used, effects of drying, spray versus al-
cohol fixation and use of double sided tape) showed: 
1. That larger pore-sized filters were more effective 
in picking up cells compared with small pore-sized 
filters (0.025µm versus 0.45µm filter sizes). 2. In CIC 
air drying has no adverse effects on cytological detail 
(for typical collection durations). 3. Alcohol fixation 
was shown to be superior to spray fixation, especial-
ly when the specimen is stained using Papanicolaou 
stain. 4. Staining is inferior (compared to free floating 
staining) when using double-sided tape to adhere the 
filter paper to a microscope slide.

Analysis
A number of different aspects of the CIC specimen 

can be evaluated using a microscope for analysis of 
the adherent cells: goblet cell density and morphol-
ogy7-9, 11, the nuclear/cytoplasm (N/C) ratio7-8, 14, nu-
clear morphology and inclusions7, 14, colour of the cy-
toplasm7, emergence of keratinization7, epithelial cell 
morphology9, 14, epithelial cell size9, 11, 14, presence 
of inflammatory cells8 and cell sheet quality8. Tseng7 
makes use of a slightly different staining protocol to 
enable him to assess the presence and levels of sq-
uamous metaplasia in the specimen. Doughty et al11 
have made specific attempts to quantify CIC speci-
mens in terms of the relationship between cell area 
and the dimensions and shape of cells obtained. Vari-
ous studies have been published which have analyzed 
CIC specimens making use of the above mentioned 
criteria. CIC has been used to investigate5: the nor-
mal ocular surface, dry eye effects, effects of chronic 
conjunctivitis, impact of contact lenses on the ocular 
surface, vitamin deficiency, limbal deficiency, pres-
ence of micro-organisms, effects of therapeutic inter-
ventions, ocular surface neoplasia, keratoconus and 
the effects of systemic diseases like diabetes, renal 
failure, thyroid disease and anorexia. 

Goblet cell physiology becomes important when 
trying to understand the underlying pathophysiol-
ogy occurring in the cells that are observed in CIC. A 
study investigating in vitro culturing of human goblet 
cells has shown that epidermal growth factor (EGF) 
receptors are present in human goblet cells and that 
proliferation of these goblets cells can be stimulated 
by EGF16. Is it possible that the absence of EGF can 
result in a decrease in goblet cell density (for example 
in contact lens wearers)? The conjunctival epithelium 
has been shown to be susceptible to the effects of neu-
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rotransmitters and neuromediators in the pathogenesis 
of mucous hypersecretion, goblet cell hyperplasia and 
conjunctival hyperreactivity17. It has been shown that 
the basolateral areas of rat goblet cells are surrounded 
by nerves, probably parasympathetic nerves, that con-
tain vasoactive intestinal peptide (VIP), which were 
thought to stimulate conjunctival goblet cell mucous 
production18. In a later paper Dartt et al19 showed that 
VIP, released by efferent nerves surrounding the gob-
let cells can in fact stimulate conjunctival goblet cell 
secretion. Ca2+ and protein kinase C have also been 
shown to play a major role in the cholinergic agonist-
induced goblet cell secretion20. The interplay between 
some of the causes of change in the goblet cell popu-
lation of the conjunctiva (for example contact lenses 
or dry eyes) and the underlying control of goblet cell 
secretion is probably complex. CIC can be used to 
harvest goblet cells so that possible changes can be 
assessed.   

Contact lenses
Contact lenses are known to produce changes to 

the normal structure of the conjunctiva. Squamous 
metaplasia is a term that is commonly used to de-
scribe the changes that occur in CIC specimens as a 
result of contact lens wear7-8, 14, 21-22. Squamous meta-
plasia is defined as23: “the transformation of psuedos-
tratified ciliated epithelium into stratified squamous 
epithelium as occurs in certain pathologic conditions” 
or “reversible change in which one adult cell type is 
replaced by another cell type”22. Tseng7 states: “the 
pathologic transition of a nonkeratinized, stratified 
epithelium either secretory or nonsecretory, to a non-
secretory keratinized epithelium is called squamous 
metaplasia. Squamous metaplasia is determined in 
CIC by the gradual changes that occur in the mor-
phology and density of conjunctival goblet and epi-
thelial cells8. Contact lenses result in numerous cel-
lular changes that fall under the squamous metaplasia 
label: 1. Snake-like chromatin14, 21, 24-27: various mor-
phologic nuclear changes occur in squamous meta-
plasia including pyknosis, two or more nuclei and 
anisonucleosis. The most frequent alteration of the 
nucleus is seen as a condensation of the chromatin 
into a long snake-like or stick-like structure that is 
aligned with the long axis of the elongated nucleus27. 
2. Nucleus/cytoplasm (N/C) ratio21, 22; the size of the 
nucleus of the cell is compared to the size of the cy-
toplasm of the cell (overall cell size) as the N/C ratio. 

As squamous metaplasia progresses, in this instance 
as a result of contact lens wear, the N/C ratio decreas-
es indicating an increase in the cell size (for example 
from 1:2 to 1:4)21, 22, 25, 26. 3. Increased epithelial cell 
size22, 25, 26: increases in the size of epithelial cells is 
a common occurrence in contact lens wear. 4. Gob-
let cell density14, 21-22, 24-26: as squamous metaplasia 
progresses the density of goblet cells decreases to a 
point where they are often completely absent in the 
specimen taken from the conjunctiva.

Other changes that occur in CIC specimens col-
lected from contact lens wearers are: 1.There is great-
er expression of antigens HLA DR and CD23. HLA 
DR is an inflammatory marker for immune-mediated 
inflammatory responses (for example those that occur 
in giant papillary conjunctivitis) while CD23 is a low 
affinity receptor for IgE. These changes suggest that 
contact lens wear has allergic and immune related in-
flammatory effects on the conjunctiva21. 2. Decreased 
expression of three out of five antioxidant enzyme 
genes occurred in a study investigating the level of 
antioxidant genes in CIC specimens obtained from 
soft contact lens wearers. The findings of the study 
suggest that wearing soft contact lenses might af-
fect the defensive capacity of the conjunctiva against 
oxidative stress28. The cause of the above mentioned 
changes is thought to be mechanical in nature14, 21, 27. 
The effects are reversible14, not related to the materi-
als used in the manufacture of the contact lenses22, 26 
and are not dependant on the duration of contact lens 
wear24, 25.

Dry eye and avitaminosis A
Some controversy exists relating to whether CIC 

can be used to detect avitaminosis A. Singh et al29  and 
Chowdhury et al30 have provided evidence suggesting 
that CIC with transfer of cells onto a glass slide can 
be used as a simplified field technique to detect avita-
minosis A. The cellular changes seen were increased 
epithelial cell size and absent or reduced densities of 
goblet cells in children suffering from xerophthalmia 
as a result of avitaminosis A. Rahman et al31 , on the 
other hand, showed that CIC fails to detect changes in 
the conjunctival structure that were indicative of sub-
clinical vitamin A deficiency. The CIC results were 
compared to the relative dose response test while the 
two former groups compared CIC to serum vitamin A 
levels and plasma retinol concentrations respectively. 
The different comparisons might explain the disa-
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greement in results. 
A study investigating surface bacterial flora in nor-

mal and dry eye subjects has shown that both groups 
have substantial numbers of bacteria present on the 
ocular surfaces, many of which are considered patho-
genic32. All subjects were free of any signs of infec-
tion. The presence of bacteria in both groups results 
in a dilemma: do the pathogens result in an inflam-
matory response and decreased goblet cell density? 
Is it necessary to intervene in any way32? Subjects 
presenting with dry eye signs and symptoms (com-
pared to asymptomatic normals) show a number of 
common changes in specimens collected by means 
of CIC. Snake-like chromatin, other nuclear changes, 
metaplasia, changes in cell size, decreased N/C ratios, 
and decreased goblet cell density all occurred in dry 
eye subjects33, 34. Keratoconjunctivitis sicca (KCS) 
also results in a number of changes to the CIC speci-
men. Increased expression of epidermal growth fac-
tor receptors, ErbB2 and ErbB3, occurs as a result of 
KCS that is also correlated with ocular surface dye 
staining. They may also contribute to the abnormal 
growth and differentiation of the conjunctival epi-
thelium that is usually associated with KCS35. Other 
CIC changes that occur with KCS are: hyperplasia, 
hypertrophy, cellular flattening, decreased goblet 
cell density, snake-like chromatin, and other nuclear 
changes36-38. Some authors36 state that CIC should be 
included in the diagnostic criteria of Sjorgren’s syn-
drome as the procedure correlates well with the pres-
ence of the syndrome.

Disease
Alkaline burns cause a number of changes to the 

normal CIC picture. Cellular size increases, the N/C 
ratio decreases and goblet cell density decreases (or 
becomes zero). Amniotic membrane transplantation 
following alkaline burns results in quicker recovery to 
base line findings when compared with conventional 
medical therapy8, 39. Uveitis and keratitis both result 
in no goblet cells being present in the conjunctival 
specimen. Often there are inflammatory cells as well8. 
CIC specimens obtained from psoriasis sufferers re-
veal early changes which include squamous meta-
plasia as well as an increase in goblet cell density40. 
Chronic renal failure patients, when compared with 
normal subjects, differ significantly. Sixty-six percent 
of renal failure subjects have grade 3 findings on CIC 
(severe metaplastic changes are present in the speci-

men). The conjunctival changes are not related to the 
presence of calcium deposits41. Acne vulgaris suffer-
ers, who have no ocular involvement, have squamous 
metaplasia which is thought to accompany the acne42. 
Allergic conjunctivitis is accompanied by numerous 
CIC changes. Nuclear and well as cytoplasmic chang-
es, anisonucleosis, pyknosis, the presence of cellular 
debris, polymorphonucleocytes and leucocytes are all 
present in allergic conjunctivitis sufferers. Decreased 
goblet cell density is also a common feature10. Bacte-
rial and viral infections cause degeneration of epithe-
lial cells with fibrous exudation as well as the pres-
ence of micro-organisms10. 

Drugs
Markers of inflammation and apoptosis (HLA-DR 

and TCAM-1) and mucin production (MUC5AC) 
were used to investigate the effects of preserved and 
non-preserved Latanoprost and Timolol on conjunc-
tival cells collected by means of CIC. The results of 
this study show that both Timolol and Latanoprost 
preserved with benzalkonium chloride produce sig-
nificantly higher levels of inflammation in the con-
junctival epithelium than the non-preserved drugs. It 
was also shown that the higher the level of inflamma-
tion, the lower the goblet cell density. It was revealed 
that toxicity was mostly associated with benzalko-
nium chloride and that both Latanoprost and Timolol 
(to a lesser extent) offer some form of protective ef-
fect to the conjunctiva43. Oral use of Carbamazepine 
(Tegretol) has been shown to have conjunctival aller-
gic reaction, conjunctival oedema and conjunctival 
erythema as side effects44. CIC specimens obtained 
from an individual taking the drug showed a decrease 
in goblet cell density and squamous metaplasia both 
of which were attributed to use of the drug45. Cy-
closporine A has been shown to result in increases in 
goblet cell density in subjects being treated with the 
drug for dry eyes. A decrease in epithelial cell turn 
over was also shown46, 47.

Keratoconus
Several studies investigating the presence of lys-

osomal enzymes in the conjunctivas of keratoconic 
subjects have been published and/or presented at con-
gresses. Fukuchi et al48 have shown that two lyso-
somal enzymes, acid esterase and acid phosphatase, 
are more prominent in the conjunctivas of keratoconic 
subjects. McMahon et al49 and  Shen et al50 have also 
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shown that lysosomal enzyme levels are increased in 
keratoconic conjunctivas making use of CIC. In both 
reports the feasibility of using CIC (and not surgical 
biopsy as in Fukuchi et al) for investigating lyso-
somal enzyme levels in keratoconic conjunctivas was 
stressed. Goblet cell density decrease and squamous 
metaplasia were shown to be significantly higher in 
keratoconic conjunctivas when compared with nor-
mal subjects51. Both findings were related to the ex-
tent of the progression of the keratoconus. In a study 
investigating the effects of contact lenses on kerato-
conic conjunctivas Moon et al52 showed that the ocu-
lar surface changes found in keratoconic conjunctivas 
was probably as a result of contact lens wear and not 
necessarily the keratoconus.

Conclusion
CIC has been shown to have unquestionable ad-

vantages: an excellent source of intact and preserved 
epithelial cells; a non-surgical, minimally invasive, 
easy, quick and cheap technique, and no side effects5. 
However, a report has been published showing the 
formation of subconjunctival cyst-like formations 
following impression cytology53. The report also em-
phasizes the increasing popularity of CIC because of 
its simplicity, ease of use and applicability to many 
investigations but does stress the importance of tak-
ing care when performing the technique. The cyst-
like formations were found to be temporary and of not 
great concern53. CIC provides a method of investigat-
ing many aspects of ocular surface function that, as 
far as I can ascertain, have not been taken advantage 
of in South Africa. There are many questions, both 
clinical and of a more theoretical nature, that can now 
be investigated.
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