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LIMAX AMOEBAE IN FIVE SWIMMING
POOLS IN STOCKHOLM

L. CERVA and G. HULDT

National Bactoriological Laboratory, Stockholm

Abstract. Five indoor swimming pools in Stoekholm were inspected for the presence of potentially
pathogenic limax amoobao. The highest concentration found was 700 amoebae in | litre of water
in the pool. Only one strain of Naegleria gruberi was isolated. Other isolates were members of the
gonera Flabellula, Hartmannella and Acanthamoeba. In animal experimonts 33 amoeba clones proved
to be nonpathogenie. This, however, does not exclude the possibility of an outbreak of primary
amoebic meningoencephalitis in the visitors of swimming pools. Conditions favourable for the multi-
plication of amoebao were found in all pools independent on the technology of water treatment.

Since 1965, about 60 cases of primary amoebic meningoencephalitis (PAME) of men
have been registered in different parts of the world (Cerva 1970). The causative agent
of this disease — amoebae of the genus Naegleria — belongs to the group of limax
amoebae known as free-living organisms in soil and water. Most of the deceased persons
became infected by bathing outdoors. Surprising was the occurrence of PAME found
in 16 visitors of an indoor swimming pool in Northern Bohemia (Cerva et al. 1968) and
in 3 persons in Antwerp — Belgium (Jadin et al. 1971). In spite of the sufficiently high
levels of free chlorine used for disinfection, populations of limax amoebae were unex-
pectedly high in the water, and on all inside surfaces of the pool and in the recirculation
system (Cerva 1971). Later, a similar high incidence was found in Czechoslovakia in
several other indoor swimming pools with chlorinated water. During a short stay in
Stockholm (September 1969) we investigated the state of limax amoebae populations
in some of the indoor swimming pools of the Swedish eapital. A short survey of the re-
sults is given in this paper.

MATERIAL AND METHODS

Five swimming pools with different systems of water technology were chusen for investigatio n
The principal data on these pools are given in Table 1. These were obtained from management
technicians, but eould not be verified for lack of time.

The exact incidence of limax amoebae was dotermined in the superficial water layer in the centre
of all examined swimming pools. The method of culture titration on agar plates was used for this
purpose. A detailed description of all procedures and culture methods is given in an earlier paper
(Corva 1971). Inoculated plates were incubated at 37 °C and only strains capable of growth at this
temperature were considered.
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Table 1. Technical data on the investigated swimming poals.

Swimming Dimension Volume l System of water I'ree chlorine ? H
pool in meters in m? technology level I P
Liljeholms 16.3 » 6 243 chlorine-sand 2.5 mg/l 8.8--9
1929 Na.(CO,
Forsgrenska 33.3 % 12 1800 intermit. zedim. 0.4—0.6 mg/l 7.1—7.3
1939 rapid filtration
sand filters
chlorination
Akeshov 25 x 12.5 760 celit filters 2.0 mg/ 9.2
1959 with MgO
chlorination
Eriksdals 50 x 17 1430 intermit. sedim. 0.6 mg/l 7.4
1964 sand filters
chlorination
CGymnast. Inst. | 25 > 12.5 800 intermit. sedim, 0.4 mg/l 7.3—17.6
1968 sand filters
rapid filtration
| chlorination
|

Also the bottom, walls and wooden steps of the swimming pools were tested for the prosenee of
amoebae by means of cotton swabs on skewers. Kach swab with tho seooped sample was broken off
the skewer using sterile pincers, and pressed into the agar layer in a Petri dish. Only approximate
quantitative data could be obtained by this method. The findings were markod with crosses from 1
to 3 in number.

Results presented in this paper were uvbtained from a single collection of samples. For tho identi-
fication of the species in some of the isolates we tried to utilize the criteria proposed by Page (1967 n,
b, 1968). Pathogenicity tests were aceomplished in miee (weight 10 to 13 g) inoculated intracerebrally
with a suspension of amoeba trophozoiles washed off the surface of the agar plates by means of 3 ml
of sterile saline, and concentrated by gentle centrifugation to the volume of 0.6 ml.

RESULTS

Table 2 shows the results of our short study. These were most favourable in culture
of water from the two oldest swimming pools. The level of free chlorine and pH value
were exteremely high in the one pool, in the other the classical system of water treat-
ment with practically neutral pH value was used. The least favourable were those
from the Akeshovbadet with its unusual celit-filtration and high chlorine and pH
value.

Table 2. Findings of limax amoebae in the swimming pools under study

o Number of amocbao Incidence of amoebae
Swimming pool : :
per 1 litre |
[ boltom walls wooden steps

Liljeholms 10 e - +4+<+
Forsgrenska 10 0 0 3= asale
Akeshov 700 0 - + -+
Eriksdals 120 + 0 +++

. Gymn. Inst. 100 0 1} F++
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In all the pools under study rich populations of amoebac were found on the macerated
surface of the hardwood steps leading into the pools. Strangely cnough these hardwood
steps were used also in the new swimming pools. They seem to be the main source of
amocbae incidence in the inside equipment of the pools.

In successive laboratory studies 33 clones were obtained from amochae isolates.
The proportion of the species composition of isolates from free water and of sessile
forms and cultured from the cotton swabs is given in Table 3.

Table 3. Species composition of amoebae isolates

Number of isolates
Speecies e
Water Cotton
sumples | gwabs
labellula mira ] 1
Flabellula platypodia 3 0
Acanthamoeba polyplaga 2 0
Hartmannella vermiformis 2 3
Havtmannella exudans ] |
. Hartmannella limacoides 2 0
Naegleria gruberi 0 1
Unidentified species ] 3
Total 24 9

Table 4 shows the distribution of the species identified in the different swimming
pools. In comparison with the species found in the swimming pool in Usti—Czechoslo-
vakia (Cerva 1971) there is a striking difference in the frequency of the genus Flabellula
and dcanthamoeha. Floating forms of Flabellula belong to the most common findings
in the Stockholm swimming pools. Lt is noteworthy that the only strain of Naegleria
gruberi was isolated from the Forsgrenskabadet which is one of the hest kept pools.

In animal experiments none of the tested isolates showed signs of pathogenicity.

Table 4. Amaoeba species identified in Stockholin swimming pools.

T P i B 7 ==
. Lilje- | IKors. Akes- Eriks- = Gymnast.
Specics ‘ holms i grenska hov dals Inst. Total
| .
F. mira ‘ _ 4 2 6
F. platypodia ' 3 3
A. polyphaga 2 2
H. vermiformis 1 3 1 5
H. exudans 1 5 6
H. limacoides 2 2
N. gruberi 1 , 1
Unidentified 1 | 3 3 1 8
i~ | | |
| Total 3 1 18 8 3 33
—— — I - —_
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DISCUSSION

Considering the fact that the quality of water in swimming pools should practically
be the same as that of drinking water the high incidence of limax amoecbae in these
sites is most undesirable. In addition this study deals with amoeba strains only fulfilling
the main condition of potential pathogenicity, i.e., those capable of growth at 37 °C.
The actual total population of amoebae must be considerably more numerous. This
indicates that the density of the bacterial flora — a necessary food substrate for amoe-
bac — is extremely high. Bacteriological culture methods used nowedays as indicators
in swimming pool supervision are not reliable as regards the configuration of the water
biocenosis. Our results offer further evidence that water treatment systems including
those used in the five swimming, pools in Stockholm are incapable of preventing the
incidence and multiplication of limax amoeba populations. Favourable results obtained
in the Forsgrenskabadet seem to indicate that the classical system of water treatment
may be as cffective or even better than its recent modifications. Many other factors,
however, influence the quality of water. The marked differences in finding in the Lilje-
holms- and Akeshovbadet may prove that high levels of free chlorine with high values
of pH cannot control sufficiently the multiplication of amoebae. As regards the Lilje-
holmsbadet the primitive systemm — sand, chlorine, natrium bicarbonicum — necessarily
increases the concentration of salts in the water. This appears to be harmful not only
to the amoebae but perhaps also to the visitors of the pool.

Sessile populations of amoebae on suitable substrates develop without any direct
connection with conditions in free water as found in our earlier study (Cerva 1971).
All porous materials of the inside equipment of the pools should, therefore, be exchang-
ed for other nonporous materials. A system of rigorous mechanioal cleaning of the
bottom and walls should be developed to avoid the formation of biological coatings.

Further detailed studies on the biocenosis in swimming pools are necessary to find
adequate methods to destroy or control the populations of limax amoebae in these
institutions. This is, at present, the only way how to prevent the danger of a further
incidence of primary amoebic meningoencephalitis.
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AMEBbBl THIMA LIMAX OBHAPYMREHHBIE B ITATH NAMABATEJLHLDIX
BACERHAX I'' CTORI'OJBM

JI. Yepsa u I'. T'yuar

Pesome. O6CIQ10BARO NHTH AAKPRTHIX maaBaTeaLluX OaccelfHOB B 1. CTORIoaLM Ha HAIMYMe
HOTCHINANLRO MaTorcuunix amed Tuma limax. O6napyskeHa caMast BRCOKAS KOHIEHTPAIAS
700 amed B 1 smTpe Bogw Oaccelina. Bujesen 1 mramm Naegleria gruberi, saTem ameGur pojios
Flabellula, Ilartmannella w Acanthamoeba. o nogonprHEX HWBOTHLX 33 aMceOMBIX KI0HA
OKazaanuch GearpeinnsiMy 114 YedoBeka. Onnawo, oToT GakT He HUKJIYAST ROAMOKHOCTEH BCILINIKH
NEPBNUHOro AMeOHOr0 MEeHHIIO-2HUeEINTA CPeJIH MOCCTATCICH IJIaBATETLHHX Bacceiinos.
Bo Beex Gaccelinax ofHapy»enul 6;1aronpuATHNe YCJAOBAA 1A Pa3MHOMCINH aMel He3aBUCHMO
OT TeXHNKEH rarncunyeckol odpadorkun BogLL
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