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Abstract
Objectives - To evaluate conditions predis-

posing to keratoconus or associated with kerato-
conus in African patients. To document associ-
ated complications such as corneal hydrops and
corneal vascularisation.

Design - Prospective study undertaken over a
two year period.

Setting - St John Eye Unit of Chris Hani
Baragwanath Hospital, Soweto, South Africa.

Subjects - African patients presenting with
keratoconus were included.

Outcome measures - Associated conditions,
for example, vernal keratoconjunctivitis (ver-
nal) and type, eye rubbing, vascularisation of
the cornea, corneal hydrops, visual acuity.

Results - There was a preponderance of
males (28 patients, 62%) among the 45 patients
studied. Thirty-three (73%) of the patients were
aged between 10 and 29 years. Seventy eyes
(72.8%) showed severe keratoconus and in 40
eyes (47%) the visual acuity was 6/60 or worse.
The commonly associated condition was limbal
vernal keratoconjunctivitis which was found in
29 patients (64%) and was significantly com-
moner in patients under the age of 20 years.
Vernal was associated with male gender, but not
significantly so. Acute hydrops was seen in
three eyes and central scarring from previous
hydrops was present in 30 eyes. Corneal
hydrops was found to be nearly twice as com-

mon if vernal was present but this was not sta-
tistically significant. Eye rubbing was signifi-
cantly associated with vernal with an odds ratio
of 33.6 (Confidence Intervals 4.74 - 314) which
was highly significant. Corneal vascularisation
was found to be commoner in patients of 20
years or older but this was not statistically sig-
nificant.

Conclusions - Vernal keratoconjunctivitis
was found to be commonly associated with ker-
atoconus in the African patients studied. Eye
rubbing might play a role in the pathogenesis of
the keratoconus or vernal in these patients.
Appropriate and careful management of vernal
keratoconjunctivitis and meticulous visual reha-
bilitation might improve the visual prognosis in
this group of young adults.

Introduction
Vernal keratoconjunctivitis (Vernal, Spring

catarrh) occurring in the limbal form has been
previously reported in African patients1,2. An asso-
ciation between keratoconus and vernal kerato-
conjunctivitis has been reported3-5 but this link
has not been described in African patients. In
fact, diseases associated with keratoconus have
not been described from Africa and the present
study was undertaken to elucidate possible
associations with keratoconus by studying a
group of African patients with keratoconus of
varying severity.



Many different conditions have been associ-
ated with keratoconus and these associations as
well as other aspects have been the subject of
several extensive reviews6-8. Corneal hydrops
has been associated with allergic conditions of
the eye where it has been suggested that the
constant rubbing might cause breaks in
Descemet’s membrane and result in corneal
hydrops9-11. Again the importance of allergies in
hydrops in the African patient has not been
reported. It was our impression that the kerato-
conus seen at St John Eye Hospital (St John)
was particularly severe and occurred at a young
age and we wondered about the associations
between keratoconus, corneal hydrops, vernal
and eye rubbing in our patients.

Corneal vascularisation following on
episodes of corneal hydrops might prejudice
future corneal grafting and this sequel has been
described12. 

To define the associations between kerato-
conus, vernal and other conditions a study was
undertaken to attempt to improve the outcome in
these patients.

Patients and methods
Forty five patients with keratoconus were

studied at St John Eye Hospital during 1998 and
1999. Each patient had a full slit-lamp examina-
tion and a standard data sheet was used to doc-
ument the findings. The usual demographic data
were recorded. Anterior segment photography
was used to record typical or unusual findings.

We were particularly interested in associated
conditions (vernal keratoconjunctivitis, and
complications such as corneal hydrops and scar-
ring) but were also concerned about the poor
visual acuities of some of these young patients
caused by the keratoconus itself.

The cases were included as having a diagno-
sis of keratoconus where there was evidence of
at least two of the  following three clinical
signs; central conical corneal protrusion, posi-
tive Munson’s sign and central corneal thinning
(unless there was previous hydrops).

Severity of keratoconus was assessed using

the average of the two principal meridian ker-
atometry (K) readings;

mild <48 D
moderate 48-54 D
severe >54 D

The keratoconus was also classified as severe
where either meridional K reading was over 60 D,
or where irregular astigmatism was so severe as
to make readings impossible,  where there was
acute hydrops or a scarred down cornea from a
previous episode of hydrops. 

The diagnosis of vernal keratoconjunctivitis
depended on typical signs and symptoms and
was categorised into palpebral, limbal and
mixed as follows;

Palpebral papillae > 1 mm on tarsal con-
junctiva with no infiltration

Limbal gelatinous involvement of the 
limbus, limbitis - brownish 
hyperpigmentation around the 
limbus and/or Horner-Trantas dots

Mixed both palpebral and limbal 
involvement

Two patients (males aged 28 and 42 years) were
included where they had no signs of active ver-
nal but gave a clear history of vernal including
itchy eyes requiring repeated visits to the hospi-
tal for drops during childhood.

Any associated eye rubbing was documented
in a way similar to that used by Cameron5.

not at all - 0  times/day
rarely - 1 to 4 times/day
occasionally - 5 to 10 times/day
frequently - >10 times/day

The presence of neovascularisation of the
cornea was noted as;

Peripheral - just onto the cornea
(1 mm)

Mid-peripheral - between 1 mm and the
central 5 mm

Central - encroaching onto the 
central 5 mm of cornea

The visual acuity was noted and whether spec-
tacles, contact lenses were used or whether
corneal grafting had been performed.

Data were entered into a database in MS
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Access for analysis. To further examine the
associations between vernal and other factors in
these keratoconus patients, odds ratios were cal-
culated using Epi Info (Version 6, CDC,
Atlanta, Georgia). The program also calculates
confidence intervals at the 95% level, Chi
square tests with uncorrected p values and p
values corrected by the Mantel-Haenszel and
Yates methods. The program also performs the
Fisher Exact Test where required.

The study was approved by the Ethics
Committee of the University of the Witwatersrand. 

Results
Of the 45 cases of keratoconus there were 28

males (62%) and 17 females and their ages
ranged between 5 and 45 years with a mean of
22 years (standard deviation 10.1). There were
only three patients aged less than ten years and
only nine patients aged 30 years or older. The
remaining 33 patients (73.3%) were aged 10-29
years.

Severity of keratoconus
The keratoconus in the study patients tended

to be severe (see Figure 1).

The assessment of severity depended on the
keratometry readings and these measurements
could not be obtained in four patients (eight
eyes), two of whom were mentally retarded
children. Ten eyes had received corneal grafts

and two were normal with no keratoconus. Of
the remaining 70 eyes, 51 (72.9%) showed
severe keratoconus, 8 (11.4%) moderate and 11
(15.7%) showed mild keratoconus. 

Vernal keratoconjunctivitis and corneal hydrops
Vernal keratoconjunctivitis was found in 29

of the 45 patients (64.4%) and this was of the
limbal type with a variable upper tarsal papil-
lary conjunctival response depending on the
activity and current treatment (see Figures 2-5). 

Purely palpebral vernal was not seen in this
group of patients. Signs of vernal were com-
moner in patients under the age of twenty years
with 18 of 21 patients having vernal in this age
group while 11 of 24 aged twenty or older
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Figure 1. Severe keratoconus with central corneal thin-
ning and protrusion

Figure 2. Limbal vernal keratoconjunctivitis with pig-
mentation of conjunctiva and gelatinous plaques

Figure 3. Tarsal conjunctiva from case in Figure 2 show-
ing injection/inflammation with a papillary response



showed signs. Limbitis was also commoner in
the younger age group with four of the six cases
of active limbitis occurring in this group of
under 20 year olds. The keratoconus patients
under twenty years were more predominantly
male with 16 of 21 being male while in those
aged twenty years or older there were 12 males
and 12 females in the group. 

Thirty-three eyes showed evidence of acute
corneal hydrops (three eyes, see Figure 6 for an
example) or stromal corneal scarring from pre-
vious episodes of hydrops (30 eyes, see Figure
7). Sometimes the corneal hydrops can lead to
stromal clefts with a lake of aqueous within the
stroma (see Figure 8). Corneal hydrops was not
associated with gender or a particular age group.
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Figure 4. Nine year old male with typical limbitis and
Horner-Trantas dots

Figure 5. Tarsal conjunctiva from case in Figure 4 show-
ing a papillary response but only mild injection

Figure 6. Acute corneal hydrops with a thickened oede-
matous central cornea

Figure 7. Under high magnification a split in Descemet’s
membrane can be seen with retraction of the edges result-
ing scarring and opacification of the cornea

Figure 8. A lake of aqueous can be seen in the stroma in
this patient with acute corneal hydrops



Eye rubbing
Of 39 patients questioned, six reported fre-

quent eye rubbing (>10 x per day), nine report-
ed occasional eye rubbing (5-10 x per day)
while 13 reported rubbing their eyes rarely (1-4
x per day). Eleven denied rubbing their eyes. It
can be seen that eye rubbing was seen almost
entirely in the vernal group (Table 1).

Medication
Fifteen of the 29 vernal patients were receiv-

ing anti-allergic eyedrops (antihistamine or
mast cell stabilizers or mild steroids like fluo-
rometholone) while only one of 16 non-vernal
patients were using anti-allergic eyedrops. In
both groups patients who had recently had
corneal grafts were on topical steroids. 

Visual acuity
There were 84 eyes in which the visual acu-

ity was obtained (Table 2) and in 57 (68%) a
best corrected visual acuity was obtained. In 40
eyes (47%) the visual acuity was 6/60 or worse
and in 70% it was worse than 6/18, the level at
which corneal grafting is usually indicated.

Corneal vascularisation
There was no association of vascularisation

of the cornea and vernal. Twenty of 53 eyes
with vernal showed vascularisation compared
with five of 16 eyes without vernal.
Vascularisation of the cornea seemed to be more
a function of age. If patients under 20 years are
compared with those 20 years or older;  in the
younger age group, eight of 42 eyes (19.1%)
showed vascularisation while in the older group
17 of 48 eyes (35.4%) showed vascularisation
(Table 3). There were no associations between
patient gender or severity of keratoconus and
corneal vascularisation.

Associations with vernal keratoconjunctivitis using
odds ratios

Vernal keratoconjunctivitis was commoner
in patients under twenty years of age. Eighteen
of the 21 patients aged under twenty years had
vernal compared with 11 of 24 patients over
nineteen years. This was significant with an
odds ratio of 7 (confidence intervals 1.4 - 41)
with corrected p value of < 0.05 with Yates cor-
rection factor. In this group of patients, vernal
was associated with male gender, but not signif-
icantly so. Nineteen of the 28 male patients had
vernal compared with ten of 17 females. This
gave an odds ratio of 1.5 (confidence interval
0.36 - 6.19) which was not statistically significant.

An increased likelihood of hydrops existed if
vernal was present in this series of keratoconus
patients. Of the 58 eyes with vernal, 24 showed
hydrops or previous hydrops (scars) compared
with nine of the 32 eyes without vernal. This
association meant that there was an odds ratio
of 1.8 (confidence interval 0.65 - 5.09) of an
episode of hydrops in the presence of vernal.
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Eye rubbing
Frequent (>10x)
Occasional (5-10x)
Rare (1-4x)
Not at all

Vernal
6
8
11
2
27

Total
6
9
13
11
39

non-Vernal
0
1
2
9
12

Table 1. Eye rubbing in vernal and non-vernal patients
(numbers of patients)

Visual status

6/60 - HM
6/24 - 6/36
6/18 or better

Best
corrected
24 (2)
12
21 (4)

Uncorrected

16
7 (4)

4

Total

40
19
25
84

%

47
23
30
100

Table 2. Visual acuities in eyes with keratoconus

Note: HM is hand movement vision, two patients (four eyes)
were excluded as the patients were mentally retarded and
could not have visions measured and another two eyes were
excluded which were normal (no keratoconus). The corneal
graft eyes within the group are shown in brackets.

Number of eyes (corneal grafts)

Age (years)

<20
20 and over

Peripheral

4
7

Mid-
peripheral

1
5

Central

3
5

Total

8
17
25

Table 3. Vascularisation and position of vascularisation by
age group (number of eyes)



This was, however, not statistically significant.
A history of eye rubbing was significantly

commoner in vernal patients, as might be
expected, with 24 of the 29 patients reporting
eye rubbing of varying frequencies compared
with only two of 16 patients without vernal. The
odds ratio associated with rubbing was 33.6
(confidence intervals 4.74 - 314) with p value
<0.0001 using Yates correction factor.

Of the patients with vernal, five of 58 eyes
had grafts compared with five of 32 who did not
have vernal. This gave an odds ratio of 0.51
(confidence interval 0.11 - 2.27) indicating it
was less common to have a graft in the presence
of vernal. This was not statistically significant and
the Fisher Exact Test also showed no significance.

Fifteen patients of the 29 with vernal were
using anti-allergic medication (eyedrops) while
only one of 16 without vernal was using this
medication. Thus, keratoconus patients with
vernal were significantly associated with med-
ication use with an odds ratio of 16 (confidence
interval 1.76 - 370) with corrected p value
<0.01 using Yates correction factor. There was
no association of vascularisation of the cornea
and vernal. Twenty of 53 eyes with vernal
showed vascularisation compared with five of
16 eyes without vernal. This gave an odds ratio
of 1.33 (confidence interval 0.35 - 5.21) which
was not significant. Vascularisation of the
cornea seemed to be more a function of age. If
patients under 20 years were compared with
those 20 years or older, in the younger age
group, 8 of 42 eyes (19.1%) showed vasculari-
sation while in the older group 17 of 48 eyes
(35.4%) showed vascularisation (Table 3). This
gave an odds ratio of 2.33 (confidence interval
0.8 - 6.91) which was not statistically significant.

Severe keratoconus was not particularly
associated with vernal in this study. When eyes
with grafts or unmeasurable eyes were exclud-
ed, thirty of 46 eyes with vernal showed severe
cones while 21 of 26 eyes without vernal
showed severity. This gave an odds ratio of 0.45
(confidence interval 0.12 - 1.58) which was not
significant.

Discussion
There was an excess of male patients (62%)

in this study and this was mostly due to the larg-
er number of young males (under twenty years
of age). Patients were seven times as likely to
have vernal if they were under twenty years of
age as twenty years or older. One might infer
that the excess males was because of the associ-
ation of male gender with vernal and there was
a 1.5 times odds ratio for vernal with male gen-
der but this was not significant with the num-
bers in the study. Vernal1,13,14 and keratoconus
associated with vernal or atopic conditions3-5

have been described as having a male predomi-
nance but keratoconus itself is probably best
thought of as having no ethnic or gender pre-
ponderance8. 

The mean age of this group of keratoconus
patients was 21.9 years. Most (73%) were in
their second or third decades. This would be in
keeping with the perception that in keratoconus,
corneal thinning begins at the time of puberty
with progression occurring over the next two
decades6. A similar age distribution to our
patients has been described in their series of 48
patients with vernal and keratoconus by Khan et
al from Pakistan4.

Keratoconus tended to be severe with 73% of
measurable eyes showing severe cones. The
visual acuities confirmed the severity of the
cases with 70% having a visual acuity of under
6/18, the usual level where corneal grafting
might be suggested. Khan et al4 found 66% of
their patients to have an acuity worse than 6/18,
a similar result in a similar developing popula-
tion. It was gratifying to note that the visions in
our grafted patients, although not always best
corrected, were mostly better than 6/60. 

The overwhelming association with kerato-
conus in this study was with the limbal type of
vernal keratoconjunctivitis which was found in
29 of the 45 patients (64%). 

Severe keratoconus was not particularly
associated with vernal in this study and the odds
ratio of 0.45 shows rather that the keratoconus
was less likely to be severe in the presence of
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vernal although with the small numbers this was
not significant. 

Although no association between vasculari-
sation of the cornea and vernal was found, there
was a greater than two times risk of vascularisa-
tion if the patient was 20 years or over. This
suggests that corneal vascularisation is a func-
tion of duration of disease and might result from
the vernal disease or its complications found to
be significantly commoner in the younger age
group. 

Eye rubbing has been implicated as causing
keratoconus15 in a case-control study and it was
felt that the atopy was causative only in that it
resulted in the eye rubbing. In our patients eye
rubbing was strongly and significantly associat-
ed with vernal, as might be expected, and might
have played a role in the development of kera-
toconus in those patients. The keratoconus in
the vernal patients (who rubbed their eyes) was
not more severe in this study. 

Corneal hydrops, either acute or indicated by
typical corneal scarring, was almost twice as
common (1.8 times, not statistically significant)
where vernal was present indicating perhaps
that eye rubbing might be a causative factor in
these patients. Patients reporting eye rubbing
were virtually confined to the vernal group and
this gave a very strong association (34 times)
between eye rubbing and vernal which was sta-
tistically significant. It has been reported that in
some children with vernal, corneal hydrops
might be the presenting sign of keratoconus11

and the authors suggest that keratoconus should
be suspected if a child with vernal presents with
corneal oedema and reduced vision.

Medical treatment in this group of patients
was confined to topical steroids for corneal
grafts which obviously would alleviate symp-
toms of allergy in the grafted eye, and anti-aller-
gic eyedrops for about half the patients with
vernal keratoconjunctivitis. Corneal grafts were
interestingly found to be less common (0.5 odds
ratio, not significant) in the presence of vernal
and it might be that ophthalmologists are less
likely to do corneal grafts where there is active

anterior segment inflammation.
It appears that complex relationships exist
between keratoconus, vernal keratoconjunctivi-
tis and eye rubbing as well as with corneal
hydrops and vascularisation. These overlapping
entities might be depicted diagrammatically as
shown in Figure 9. 

Correct management of vernal keratoconjunc-
tivitis might reduce eye rubbing and prevent the
development of keratoconus in some patients.
All patients should have adequate access to
visual rehabilitation through spectacles, contact
lenses or corneal grafting.
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