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SAMENVATTING

Vijftien Acanthamoeba stammen werden gekweekt
uit the cornea van 9 keratitis patiënten en uit de con-
tact lens, contact lens doosjes en zoutoplossingen
(paraphernalia) van deze patiënten. Uit het zwem-
bad waar één der patiënten had gezwommen, werd
een Acanthamoeba geïsoleerd, maar het leidingwa-
ter van de huizen van 3 patiënten die onderzocht
werden, leverde geen Acanthamoeba. Alle Acan-
thamoeba uit de cornea behoren tot genotype T4,
maar tot verschillende subtypes. De stammen geï-
soleerd van paraphernalia van de patiënt zijn van
hetzelfde subtype als deze uit de cornea. De enige
Acanthamoeba geïsoleerd van een contact lens, zon-
der dat er sprake was van Acanthamoeba keratitis,
behoort tot een ander genotype. Een Hartmannella
uit een cornea en twee vahlkampfiids uit contact len-
zen hebben geen verband met keratitis. Deze studie
bevestigt dat ook in België alleen Acanthamoeba ge-
notype T4 van de 12 gekende Acanthamoeba geno-
types verantwoordelijk is voor amoeben keratitis. De
meeste gevallen van Acanthamoeba keratitis wor-
den veroorzaakt door gebrekkige hygiëne in de be-
handeling (schoonmaak en opslag) van de contact
lenzen.

RÉSUMÉ

Quinze souches d’Acanthamoeba ont été isolées à
partir des cornées de 9 patients atteints de kératite
ainsi que des lentilles de contact, des boîtiers de ces

lentilles et des solutions physiologiques (parapher-
nalia) de ces patients. Une souche d’Acanthamoe-
ba a été isolée d’une piscine où un patient avait nagé,
mais l’eau de distribution qui a été analysée dans la
maison de 3 patients, ne révélait pas la présence
d’Acanthamoeba. Toutes les souches d’Acantha-
moeba isolées de la cornée appartiennent au géno-
type T4, mais sont des sous-types différents du T4.
Les souches isolées à partir des lentilles de contact
(et/ou paraphernalia associés) d’un patient, appar-
tiennent au même sous-type de celle isolée de la cor-
née. La seule souche d’Acanthamoeba isolée à par-
tir d’une lentille de contact, sans qu’il y ait une liaison
avec une infection de kératite à Acanthamoeba, se
révélait être un autre génotype. Une souche d’Hart-
mannella isoléed’unecornéeetdeuxsouchesdevahl-
kampfiides isolées de lentilles de contact, n’étaient
pas associées aux kératites. Cette étude confirme,
comme démontré ailleurs, que seul le génotype T4
des 12 génotypes connus chez Acanthamoeba, est
responsable de kératite amibienne en Belgique. La
plupart des cas de kératite à Acanthamoeba est due
à l’hygiène déplorable dans le traitement (rinçage et
stockage) des lentilles de contact.

SUMMARY

From the corneas of nine keratitis patients and from
their contact lenses, contact lens boxes and saline
solutions, 15 strains of Acanthamoeba have been
isolated. An Acanthamoeba strain was isolated from
the swimming pool where one of the patients swam,
while in the tapwater of the houses of three patients
investigated, no Acanthamoeba could be detected.
All the Acanthamoeba isolates from the cornea be-
long to genotype T4, but are different subtypes of
T4. The Acanthamoeba detected on the contact lens-
es (and/or associated paraphernalia) of a patient are
of the same subtype as that isolated from the cor-
nea. The only Acanthamoeba strain isolated from a
contact lens which was not related to an Acan-
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thamoeba keratitis infection proved to be another
genotype. A strain of Hartmannella from a cornea
and two vahlkampfiids isolated from contact lenses
had no connection with keratitis. This study con-
firms that, as found elsewhere, only Acanthamoeba
genotype T4 of the 12 known Acanthamoeba geno-
types is responsible for keratitis in Belgium. Most
cases of Acanthamoeba keratitis cases are due to
poor hygiene in the treatment (cleaning and stor-
age) of contact lenses.
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INTRODUCTION

Cases of keratitis due to amoebae of the genus
Acanthamoeba were first reported in the seven-
ties of last century in the UK (21) and in the
USA (16). But the first recorded case seems to
date back to 1971 in the Netherlands (12).
Since then, over 1,350 cases have been re-
ported worldwide (19). The first reported cas-
es in Belgium occurred in 1982 (13) and 1988
(20).
While the earliest cases were due to trauma of
the eye, such as by an insect (12), hay (16), a
branch (21) or glass wool dust (13), the enor-
mous increase of Acanthamoeba keratitis in the
eighties is connected with contact lens wear
(19).
Acanthamoeba are easy to grow, but difficult
to identify. Isoenzyme typing was a promising
method (9) which allowed the determination of
whether strains were identical. But this tech-
nique enables the identification of the species
in only a few cases. DNA molecular typing sys-
tems were much more promising for clustering
Acanthamoeba strains into genotypes (11). To
date, 12 genotypes have been differentiated
thanks to the work of the laboratory of Tho-
mas J. Byers (3) on the small subunit riboso-
malDNA (SSUrDNA). Furthermore, thesegeno-
types could be considered to be different spe-
cies. It soon became apparent that the major-
ity of keratitis cases are caused by a single
SSUrDNA genotype (or species). In fact, 97%
of the Acanthamoeba isolates from keratitis
cases belong to genotype T4 (3). Recently, an
easy typing method has been developed that
does not require the sequencing of the whole
2,300 bp SSUrDNA of the strains (24). Only a
short sequence (DF3) in the SSUrDNA suffic-
es for determining the genotype of an Acan-
thamoeba isolate (1). Using the rapid automat-
ic DNA sequencing facilities at ICP, I have ap-
plied this method to strains isolated in Bel-
gium which had previously only been typed by
isoenzyme profiles. Fortunately, DNA or cell pel-
lets had been prepared and kept at -20°C since
the time the strains were isolated.
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MATERIALS AND

METHODS

Patients and specimens

investigated

- Patient H, a 17 year old boy, wore soft con-
tact lenses and had been swimming at a sub-
tropical leisure center before the onset of kerati-
tis (10) in April 1991. Samples from the cor-
nea, contact lens, contact lens box used for dis-
infection, a bottle of Allergan saline solution
(NaCl, NaEDTA, Thiomerosol 0.001%) and CIBA
Vision OASEPT disinfection solution (30 mg
H202, 8.5 mg NaCl/ml) were incubated for
growth of amoebae. In addition, water sam-
ples from different taps at home and from seven
different swimming pools (water temperature
from 27.5 to 36.5) and two filter systems at
the leisure center were cultured for amoebae.
- Patient B, a 22 year old female, wore hard
contact lenses and developed keratitis (10) in
June 1991. Samples from the cornea, contact
lens, contact lens box and bottle of saline were
incubated for growth of amoebae. In addition,
water samples from different taps at home were
cultured for amoebae.
- Patient V, a 27 year old female, was using
disposable contact lenses and developed kerati-
tis (10) in September 1991. Samples from the
cornea and from a bottle of saline were incu-
bated for growth of amoebae. In addition, water
samples from different taps at home were
cultured for amoebae.
- Patient DK, female, developed keratitis in
June 1993 (Maudgal P., personal communica-
tion). A corneal scraping was cultured for
amoebae.
- Patient St, a female, developed keratitis in
June 1993 (Maudgal P., personal communica-
tion). A corneal scraping and contact lens case
were cultured for amoebae.
- Patient A received a piece of stone in the eye
during demolition works in May 1999 and de-
veloped keratitis. Only a corneal scraping could
be investigated for the presence of amoebae
(Belle A.-M., De Gheldre Y. and Engelinus F.,
personal communication).
- Patient D, a female of 18 years, wore con-
tact lenses and had travelled to South Africa be-
fore developing keratitis in May 2000. A cor-

neal scraping and the contact lens were cul-
tured for amoebae (Belle A.-M., De Gheldre Y.
and Schrooyen M., personal communication).
- Patient S, a female of 43 years, wore con-
tact lenses. The left eye became infected in
June 2000. Samples from the cornea, contact
lenses, and a bottle of saline were cultured for
amoebae (Bohy E. and Luyasu V., personal com-
munication).
- Acanthamoeba cultures obtained from cor-
neal scrapings from three more keratitis pa-
tients (Ac704 in 1999; E7623 in August 2000,
and ITMAP2711 in May 2000) were received
(M. Peters and D. Le Ray, personal communi-
cations), but no information on these patients
is available.

Morphological identification

of isolates

Amoebae are isolated by incubating the spec-
imens on non-nutrient agar spread with Escher-
ichia coli at 37 or 30°C. Water samples are first
concentrated by centrifugation and the sediment
incubated as above.
Amoeba isolates can be identified by morpho-
logical examination only to genus level. For this
the morphology of cysts, and the morphology
and movement of the trophozoites, are examined
by phase contrast microscopy (23).
After isolation on bacteria, the strains were
adapted to axenic growth in liquid serum-
glucose-yeast extract medium (SCGYEM) (5).
At peak log phase growth, the amoebae were
dislodged from the wall by shaking and pelleted
by centrifugation. Pellets are used either for
protein extraction in the isoenzyme analyses or
for DNA extraction for PCR.

Molecular typing of

Acanthamoeba isolates

- Proteins are extracted by suspending the pel-
let in 0.25% Triton X-100. After separating the
proteins by agarose isoelectric focusing the gels
were stained for acid phosphatase (AP) and
propionyl esterase (PE) (9).
- DNA was isolated using the UNSET method
(15). The ASA.S1 part of the SSUrDNA was
PCR amplified using the JDP1 and JDP2 prim-
ers, and in this amplicon the diagnostic frag-
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ment 3 (DF3) was sequenced using primer 892c
(1).

RESULTS

Morphological identification

of isolates

- From the cornea of patient H, the soft con-
tact lens and the contact lens box used for dis-
infection, strains of Acanthamoeba sp. were
isolated. The bottles of saline and disinfection
solution yielded no amoebae. From the tapwa-
ter in the house of the patient, strains of Hart-
mannella sp. and Thecamoeba sp. were iso-
lated. Water samples were taken from seven
different swimming pools and from two sepa-
rate filtering systems at the leisure center where
the patient had been recently swimming. The
water was properly disinfected (chlorine be-
tween 0.72 and 1.2 ppm and pH between 7.15
and 7.35), so few amoebae were detected. How-
ever, one strain of Acanthamoeba sp. was iso-
lated from one swimming pool and a Mayorel-
la sp. was isolated from another.
- From the cornea of patient B, and from both
her hard contact lenses and from the saline in
the contact lens case, an Acanthamoeba sp.
was isolated. No amoebae were found, how-
ever, in the bottle of saline used for cleaning
the lenses. Strains of Mayorella sp. were iso-
lated from the taps in the student room of the
patient, while strains of Thecamoeba sp. and
Hartmannella sp. were identified in samples
from the taps in her home.
- From the cornea of patient V a strain of Acan-
thamoeba sp. was isolated. From the tapwater
in the house of the patient no amoebae could
be isolated. As patient V was using disposable
lenses, no isolations could be performed from
contact lenses nor contact lens boxes. A used
bottle of saline yielded no amoebae.
- From the cornea of patient DK a strain of
Acanthamoeba sp. was isolated.
- From the cornea of patient St, and from the
contact lens case, an Acanthamoeba sp. was
isolated.
- From the corneal scraping of patient A a strain
of Hartmannella sp. was isolated. No other ma-
terial was available for investigation. The iden-
tity of the Hartmannella strain was confirmed
by sequencing the SSU rDNA (not shown).

- While the cornea of patient S proved nega-
tive for Acanthamoeba sp., a strain of Acan-
thamoeba sp. and an amoeba belonging to the
Vahlkampfiidae were isolated from both the
contact lenses and from the bottle of saline. The
vahlkampfiid amoeba did not transform into
flagellates upon addition of distilled water. Amoe-
bae cell pellets, sedimented by centrifugation,
showed a pink color, which is found only in
Vahlkampfia avara, V. inornata and in Para-
vahlkampfia ustiana (2).
- From patient D no amoeba was isolated from
the corneal scraping but a strain (S1504) be-
longing to the Vahlkampfiidae was isolated from
the contact lens. The amoebae did not trans-
form into flagellates upon addition of distilled
water.
- Three more Acanthamoeba strains (Ac704,
E7623 and ITMAP2711) were isolated from
corneal scrapings of keratitis patients.

The Acanthamoeba cornea isolates from patients
H, B and V have been tested for susceptibility
to Brolene and Flagyl. Although patient V suf-
fered longer from the eye infection, no differ-
ence was observed in susceptibility to these
treatments. The three isolates showed no growth
at 2 µg/ml, but did grow at 0.66 µg/ml. Flagyl
had no effect even at a concentration of 10 µg/
ml, the highest concentration tested.

Molecular typing of

Acanthamoeba isolates

All the cornea isolates in this investigation be-
long to genotype T4 (Fig.1) but the cornea iso-
lates of most patients differ from each other by
at least one bp in the DF3 sequence segment.
Only the cornea isolate of patient St has an
identical DF3 sequence to the strains from an-
other patient, patient B.
Isolates from the cornea, contact lens box and
distilled water of patient H are identical sub-
types of T4, and have identical isoenzymes. But
the strains do not belong to any of the T4 sub-
types found by Booton (1).
Also, the isolates from the cornea, contact lens,
right contact lens and contact lens box of pa-
tient B are identical subtypes of genotype T4,
and have identical isoenzymes. But these strains
also do not belong to any of the T4 subtypes
found by Booton (1).
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The strain from the swimming pool, where pa-
tient B went swimming, is not a T4, and has
different isoenzymes from the strain isolated
from the patient.
The DF3 sequences of the cornea and the con-
tact lens box isolates of patient St differ by 2
bp. Furthermore, the isoenzymes were differ-
ent. The isoenzymes of the strain from DK were
the same as from the contact lens box of pa-
tient St. There has probably been a mislabel-
ling of strains, as they were received on the
same date. The strains from the cornea and the
contact lens of patient St do not belong to any
of the T4 subtypes found by Booton (1).
The strain from patient V has a mixed DF3 se-
quence of T4 subtypes. This is due to two dif-
ferent alleles of the SSUrDNA as reported pre-

viously in a low percentage of Acan-
thamoeba strains (3).
The DF3 sequence of the cornea iso-
late ITMAP 2711 is identical to the ref-
erence strain CCAP 1501/3G (not
shown), which was isolated from a
keratitis case in the USA in 1974 (16).
But neither strain belongs to any of the
T4 subtypes found by Booton (1). Strain
E7623 is identical to the subtype T4/1
of Booton (1).
Strain Ac704 does not belong to any of
the T4 subtypes found by Booton (1).
The Acanthamoeba isolate from the right
contact lens of patient S, where there
was no isolate from the cornea, is not
a T4, but a T3 genotype (Fig.1). The
DF3 sequence of this strain is identical
to subtype T3/3 of Booton (1) and to
the type strain S7 of A. griffini (18).

DISCUSSION

The majority of Acanthamoeba kerati-
tis cases have involved amoebae of
genotype T4 (3). All cornea isolates from
our study in Belgium were also geno-
type T4. In addition, in each case, all
the isolates from a patient’s contact lens
paraphernalia were the same subtype
of genotype T4 as the patient’s corneal
isolate, with the exception of one where
mislabeling is suspected. Our study con-
firms that contact lens boxes are ’’breed-

ing grounds’’ for Acanthamoeba if hygiene stan-
dards are poor.
In patient S, when no Acanthamoeba could be
isolated from the cornea, the isolate from the
contact lens proved to be genotype T3. Al-
though a few reported keratitis cases have in-
volved genotype T3, patient S was probably not
infected with this genotype as no Acanthamoe-
ba strain was isolated from the cornea. Indeed,
the Acanthamoeba strain was only isolated from
the contact lens. In a recent study of Hong Kong
isolates, a genotype T3 was also found in a con-
tact lens case, but no isolate was available from
the cornea of the patient either (1). The only
genotype T3 reported from corneal scrapings
was isolated from a patient in Scotland (18). A
genotype T6 has been reported from a kerati-

Fig.1. Phylogenetic analysis based on the DF3 DNA sequence. For
legibility only the Belgian isolates and one reference species of each
genotype are named. The branches of other strains are indicated with
a line. The cornea-associated strains are in T4. The isolate from pa-
tient V could not be included in the analysis as it is a mixed geno-
type T4. The non-cornea-associated strain is in T3.
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tis patient in Austria (25). And, recently, a geno-
type T11 was isolated for the first time from a
keratitis case in the UK (17).
It has not been possible yet to determine whet-
her the high frequency of genotype T4 strains
in keratitis cases is simply due to their relative
abundance in the environment or whether they
have special properties that make them more
likely to be virulent (3). We would have been
closer to an answer to this question if my col-
lection of environmental Acanthamoeba iso-
lates in liquid nitrogen had not perished. In-
deed, hundreds of Acanthamoeba isolates from
swimming pools (7), drinking water, aquaria
(6), streams and canals (8) in Belgium had
been cryopreserved in order to be investigated
when an appropriate method became avail-
able. Unfortunately, this amoebae collection
perished long before this method became avail-
able.
In cases where amoebae were isolated from the
contact lens only, and not from the cornea (vahl-
kampfiids in patient S and D) the isolates be-
long to amoeba groups that have not been shown
to cause keratitis. They should be considered
to have been present on the contact lens by
chance contamination from the environment.
Also a Hartmannella sp. from the cornea of pa-
tient A is probably a chance isolation. Further-
more, Walochnick et al. (25) considered Hart-
mannella spp. and Vahlkampfia spp. isolated
from clinical specimens as clinically irrelevant.
Although cases of Acanthamoeba keratitis have
been reported in Belgium before 1991 (13,
20), the isolate from patient H is the first Acan-
thamoeba isolated from a keratitis case in this
country (10). Between 1991 and 1996, thir-
teen more Acanthamoeba strains have been
isolated by the same ophthalmology depart-
ment (14). Since the information on Acan-
thamoeba keratitis has become widely known
in Belgium, infections caused by this amoeba
can now be detected by most major hospitals
in this country (4).
This study has also shown that certain Acan-
thamoeba genotypes, and also other amoeba
genera, are sometimes falsely blamed for caus-
ing infection. In this respect we cite the claim
that a Mastigina sp. was associated with kerati-
tis (22).

A service for typing Acanthamoeba isolates is
available at the reference laboratory (contact:
jdjonckh@ben.vub.ac.be).
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