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Abstract
Aim—A seasonal variation was noted in
the incidence of amoeba-like keratitis in
Iowa. The level of contamination of
amoeba in surface water has been found
previously to vary on a monthly basis for
Tulsa, Oklahoma, a region with a similar
climate. It was hypothesised that this sea-
sonal variation in amoeba-like keratitis
correlated with the concentration of
amoeba in surface water.
Methods—The monthly variation in the
onset of symptoms was determined and
date of diagnosis in 137 cases of amoeba-
like keratitis, in Iowa, from January 1993
to the end of December 1996.
Results—Over a 4 year period a signifi-
cant variation was found, on a monthly
basis, in the onset of symptoms as re-
ported by the patient. There were two
peak periods per year when the onset of
symptoms was most frequent: June and
November. This corresponded closely
with the concentration of amoeba in the
ground water reported for a similar
region in the mid-west (Tulsa, Okla-
homa). A yearly increase was found in the
number of cases diagnosed from January
1993 to the end of December 1996.
Conclusions—This study supports the hy-
pothesis that the concentration of amoeba
in surface water may influence the rate of
an amoeba-like keratitis infection.
(Br J Ophthalmol 1998;82:1143–1146)

Acanthamoeba is a waterborne pathogen re-
sponsible for a wide spectrum of keratitis.1-4

Acanthamoeba keratitis has also frequently
been associated with contact lens use.5–7 We
have reported a large increase in the number of
cases of keratitis presumed to be acan-
thamoeba since we began, in 1993, to use con-
focal microscopy combined with epithelial
biopsy to make this diagnosis.8 9 The number
of cases we have diagnosed since 1993 has
reached 187. Some of these cases clinically
resembled typical acanthamoeba keratitis while
many were considerably less severe. We have
labelled these cases “amoeba-like keratitis” in
this report since the exact identification of the
organisms involved has not been established.
Routine histology cannot diVerentiate between
species of Acanthamoeba or even reliably iden-
tify the type of amoeba involved. We report
here a monthly variation, which has been
repeated yearly, in the onset of symptoms for

cases of this amoeba-like keratitis at our
institution.

A history of exposure to contaminated water
has frequently been associated with the onset
of acanthamoeba keratitis.10 The concentration
of amoeba in the ground water in a region is
not likely to be constant over the year if the
surface water is subject to significant tempera-
ture changes. Oklahoma has a four season
climate similar to the referral area of this insti-
tution, and a seasonal distribution of patho-
genic free living amoeba has been reported for
surface water in ponds in that area.11 We insti-
tuted a retrospective study for the period
between June 1993 and December 1996 to
assess the monthly variation in the onset of
symptoms and the date of diagnosis of
amoeba-like keratitis at our institution. We
proposed the data would verify an association
between the seasonal distribution of amoeba in
our surface water and the variation per month
in the incidence of amoeba-like keratitis.

Methods
We retrospectively reviewed the records of 137
consecutive patients seen at our institution
between January 1993 to the end of December
1996 with the diagnosis of amoeba-like kerati-
tis. For each patient, a careful history had been
obtained which permitted us to estimate the
date of the onset of symptoms attributable to
the amoeba-like keratitis.

All patients were examined in the cornea
clinic of the University of Iowa. Following a
careful history and complete eye examination,
each patient was examined clinically with
tandem scanning confocal microscopy.8 12 13 A
record of every confocal examination per-
formed on each patient was made. In each of
our positive cases, evidence was obtained,
using confocal microscopy, which suggested
the presence of amoeba-like organisms. These
have previously been described as being highly
reflective ovoid objects, usually 10–25 µm in
diameter, in the superficial and deep epithe-
lium and sometimes in the anterior
stroma.8 12–14 Occasionally, amoeboid forms
were also seen which had an irregular pseu-
dopodal appearance.15 Following confocal mi-
croscopic examination, the epithelium of each
patient was biopsied using a Kimura spatula by
one of two authors (WDM or JES). The speci-
men was dragged across a glass slide to
dislodge the organism. Each specimen was
then fixed in 10% formalin and stained with
haematoxylin and eosin. The slides were evalu-
ated in masked fashion by an ophthalmic
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pathologist (RF). Organisms were identified as
trophozoites if the cytoplasmic borders were
sharply defined and the structure contained a
nucleus with a well defined karyosome. Cysts
were identified on the basis of size and polygo-
nal shape.16 Some specimens were also stained
for the presence of acanthamoeba with cal-
cofluor white or acridine orange.17 18 Only
those patients with histological evidence of
amoeba were considered positive for this study.

Specimens from 39 patients were submitted
for amoeba culture. Fourteen patients with a
clinical history and slit lamp examination con-
sistent with bacterial corneal ulcer were also
examined with confocal microscopy and their
epithelium was submitted for histological
examination for the presence of amoeba.
Twenty patients with clinical evidence suggest-
ing amoeba-like keratitis and who were nega-
tive for amoeba by confocal microscopy were
also subjected to epithelial biopsy

Results
Between January 1993 and December 1996,
we performed and recorded 1726 examina-
tions with the confocal microscope on 865

patients with corneal disease (Table 1). We
identified 137 cases that demonstrated a
positive identification of amoeba by confocal
microscopy and a positive identification of
amoeba by epithelial biopsy. There were 659
examinations with confocal microscopy which
identified amoeba but no biopsy was per-
formed. Most of these were multiple repeat
examinations of patients identified previously
as positive for amoeba. There were 913 confo-
cal examinations for amoeba which failed to
identify any organisms. Many of these were
patients who had been identified as positive
and were treated and cured of their infection.

There were 20 patients strongly suspected
on the basis of clinical signs and symptoms of
having amoeba-like keratitis despite a negative
confocal examination. In each of these the epi-
thelial biopsy was also negative. In another 17
patients with clinical evidence of amoeba-like
keratitis the confocal examination was positive
for amoeba but the epithelial biopsy and histo-
logical examination were negative. These were
considered negative for amoeba-like keratitis in
this study.

To assess the rate of false positive diagnosis
of amoeba organisms in bacterial keratitis, 14
corneal ulcers highly suspected to be routine
bacterial keratitis were also examined with the
confocal microscope. All were negative for
amoeba organisms based on the confocal
microscopic examination. Each of these 14
epithelial biopsies was also negative for
amoeba.

We found a significant variation, using Pois-
son regression analysis (p<0.0044), in the
onset of symptoms per month with February
being the lowest month averaging 0.75 cases
(range 0–2). The incidence of onset of
symptoms per month increased through No-
vember with a peak in June which averaged
4.25 (range 2–6) and in November with 5.0
(range 3–8) (Fig 1). We also evaluated the
number of cases of amoeba-like keratitis
diagnosed per month and found an apparent
increase from January to the end of December,
the lowest month being January which aver-
aged 1.25 per month and the highest being
June, August, October, and December each
averaging 3.75 (range 1 to 9) (Fig 2). Based on
Poisson regression, the data did not demon-
strate a significant diVerence in the rate of
diagnosis for any month.

We also observed an apparent yearly increase
in the total number of cases of amoeba-like
keratitis diagnosed between 1993 and 1995
based on when the diagnosis was made and
also when the symptoms began (p<0.0001)
(Table 1). In 1996 the trend did not continue
as we found a decrease in the number of
patients diagnosed with amoeba-like keratitis
based on both the diagnosis and the onset of
symptoms. The rate of diagnosis for 1997 has
returned to the levels observed for 1995.

The majority of patients reported a short
interval, 1 week or less, between the onset of
symptoms and our diagnosis of amoeba-like
keratitis. However, the range was very large as
noted in Table 2. This interval did not change
significantly over the period of this study

Table 1 Summary of confocal examinations for amoeba-like keratitis

Epithelial
biopsy 1993 1994 1995 1996 Total

Total examinations 62 490 754 420 1726
Patients examined 37 249 361 218 865
Confocal positive no biopsy 18 211 330 100 659
Confocal negative no biopsy 37 270 356 250 913
Confocal negative biopsy neg 0 0 0 20 20
Confocal positive biopsy neg 1 10 8 8 27
Confocal positive biopsy pos 6 39 60 32 137

Figure 1 Monthly variation in the date of onset of symptoms of acanthamoeba keratitis
reported by the patient.
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Figure 2 Monthly variation in the date of diagnosis of acanthamoeba keratitis determined
clinically.
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despite our heightened clinical awareness of
this diagnosis. In three cases, it was not
possible to determine when the symptoms
associated with amoeba-like keratitis began.
Each of these patients had a history consistent
with herpes simplex keratitis, which could not
be diVerentiated from that caused by the
amoeba organism. A calcofluor white stain was
positive in two out of two cases examined and
acridine orange was positive in four out of
seven cases. Of the 39 specimens submitted for
amoeba-like culture, two were positive.

Thirty nine per cent (52 patients) diagnosed
with amoeba-like keratitis reported contact
lens use. An additional 17% (24) of patients
noted exposure to contaminated water. This
was typically during scuba diving or exposure
of their corneas to water from ponds or lakes.
Thirty one per cent (43) of patients either pre-
sented with the diagnosis of herpes simplex
keratitis or were known to have had herpes
simplex keratitis previously. Ten per cent (14)
of the patients could identify an episode of
ocular trauma associated with the onset of their
amoeba-like keratitis.

All patients were treated initially with one or
more topical medications which included Bro-
lene (propamidine), polyhexylmethyl bigua-
nide, chlorhexidine and some were also treated
with oral medications including itraconozole,
fluconozole, and natamycin. The majority of
patients were cured of their amoeba-like
keratitis with only the use of topical medica-
tions. Thirteen patients required corneal trans-
plantation and seven of these were found to
have organisms typical of Acanthamoeba in the
resected corneal button. Only one of these was
culture positive. Acanthamoeba was also identi-
fied by electron microscopy in one of these
specimens.

Discussion
Acanthamoeba is a waterborne pathogen.19 It
has recently been reported that in sampled
aquatic environments from three local ponds in
Tulsa, Oklahoma, the presence of amoeba
organisms varied on a monthly basis with the
highest concentration in spring and autumn.11

The prevalence of pathogenic free living
amoeba in the sampled waters was one patho-
gen per 3.4 litres of water. In the present study,
we report a relation between climate and the
onset of symptoms of amoeba-like keratitis.
Our lowest incidence of the onset of symptoms
occurred in the coldest period of the year and
increased from the winter months through the
warm summer and autumn. We likewise found
two similar peaks in the onset of symptoms;
one in the early summer and one in the late
autumn, corresponding roughly with the re-
ported bimodal rise in the concentration of

pathogens in the surface water of Tulsa, Okla-
homa. This result is consistent with an eVect of
the environment on the incidence of amoeba-
like keratitis.

Fifty six per cent of our cases of amoeba-like
keratitis were associated with either contact
lens wearing or with some type of water
contamination.8 Both of these could be influ-
enced by amoeba in the environment. Modern
water treatment methods are very eVective in
removing amoeba contamination from munici-
pal water systems. Amoeba contamination is,
therefore, not likely to occur simply through a
contaminated municipal water supply. As in
many other states with large rural populations,
much of the water to homes in Iowa is supplied
by small wells which are not subject to
purification. This remains a potential source of
contamination. A yearly variation in tempera-
ture should not, however, aVect these deep
wells and should not lead to the variation in
incidence we report here. Surface water is sub-
ject to these extreme temperature changes, but
how this would lead to contact lens contamina-
tion with amoeba is not known. Thus, the pre-
cise link between the level of amoeba in surface
water and the incidence of amoeba-like kerati-
tis remains obscure.

We also noted a decreased incidence in the
number of cases of amoeba-like keratitis in our
clinic during 1996. That year the state of Iowa
experienced the coolest average temperature
since 1917, whereas the rainfall in 1996 in
Iowa was approximately normal, ranking 45th
out of the last 124 years of state records.20 We
have recently submitted a report associating
the flood which occurred in Iowa in 1993 with
an increased incidence of amoeba-like keratitis
noted in our clinic. A case controlled study,
found an increased incidence of referrals for
amoeba-like keratitis from counties whose
water supply was aVected by the severe
flooding which occurred during that time in
Iowa (in press) We attributed the increased
incidence of amoeba-like keratitis over the next
several years to possible contamination of the
water supply which occurred during this flood
and also to our increased ability to detect early
cases of amoeba-like keratitis using confocal
microscopy. This instrument has permitted
identification when only a very small number
of organisms are present. This allows one to
make a diagnosis sooner and much more easily
than would otherwise be possible. It has also
raised our clinical suspicion for amoeba as a
causative agent for keratitis in patients with
other diagnoses such as herpes simplex kerati-
tis.

Very few of our cases have been positive for
acanthamoeba using standard culturing tech-
niques. Repeated eVorts to culture the organ-
ism in the microbiology laboratory at the Uni-
versity of Iowa were mostly unsuccessful.
EVorts to culture the organism at outside labo-
ratories, including Indiana University, have
also proved unsuccessful. In lieu of positive
cultures, we have continued to rely on
histological examination of the scraped epithe-
lium results to confirm the diagnose and follow
patients with this clinical disease. When a

Table 2 Interval between symptoms and diagnosis in
weeks

Year, cases Mean Range < 1 week >1 week

1993, 6 8 2–26 0 3 (50%)
1994, 39 19 1–175 9 (25%) 17 (4%)
1995, 60 9.7 1–110 20 (33%) 36 (60%)
1996, 132 16.5 1–66 13 (40%) 18 (50%)
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larger piece of tissue was available for examina-
tion following corneal transplantation, which
occurred in 13 patients, we were able to make
a positive identification of amoeba in histologi-
cal cross section in seven of these cases. This
supports our hypothesis that these organisms
are present even without positive cultures.

Herpes simplex keratitis was the most
common diagnosis for patients included in this
study.1 21 22 We have recently reported a series
of nine patients with proven herpes simplex
who also demonstrated evidence of amoeba-
like keratitis.23 This should not be unexpected
since amoeba is an opportunistic pathogen and
likely to invade a compromised epithelium
such as that found in patients with herpes sim-
plex keratitis.24 From these data it is apparent
that patients with herpes may also harbour
amoeba organisms in their cornea. These dual
infections can be diYcult to treat eVectively
without reliable evidence to indicate which dis-
ease is active.

It is entirely possible that many of the
amoeba organisms we identified are not a
known pathogenic species such as Acan-
thamoeba culbertsoni or polyphagia. The clinical
manifestations we usually found were in many
ways similar to typical acanthamoeba keratitis
although in many cases the findings remained
more stable and were much less severe than
expected. In some cases the organism appeared
to be present with very little evidence of active
clinical disease. We hypothesised that these
organisms may be another species of Acan-
thamoeba or even a related species such as
Valkampfia or Hartmanella which have been
reported to cause keratitis in humans.25

The clinical course of the disease also
suggests that our diagnosis of an amoeba-like
keratitis is correct. The majority of patients
treated for acanthamoeba keratitis showed
clinical improvement using standard therapy
and ultimately resolved their infection. The
findings with the confocal microscope also
resolved with therapy.
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