Temperature Tolerance of Pathogenic and Nonpathogenic

Free-Living Amoebas

Abstract. Within tested strains of the genera Naegleria and Acanthamoeba
the ability to grow at high temperatures seems directly related to virulence, with
nonvirulent strains unable to grow at normal or elevated body temperatures.
Outside these genera, nonvirulent Hartmannella and Tetramitus do grow at ele-
vated temperatures, which suggests a barrier to pathogenicity other than tempera-
ture sensitivity. The high optimal temperature of pathogenic Naegleria apparently
explains previous difficulty in obtaining isolates from the aquatic environment.

Primary amoebic meningoencephalitis
is a fatal human disease in which fresh-
water amoebas invade the brain. Hu-
nman fatalities were first reported (/) as
due to Acanthamoeba (often called
Hartmannella) (2), which is known to
cause the disease in experimental ani-
mals (2., 3). Since then, amoebas cul-
tured from patients (3, 4) have all
proved to be amoeboflagellates, of a
species now named Naegleria fowleri
(5). Despite much interest, only recent-
ly and only twice has virulent Naegleria
been isolated from swimming areas
linked to the disease (6, 7).

Species of Naegleria and Acanth-
amoeba grow in almost all bodies of
fresh water. The pathogenic potential
of many strains has been tested in mice
by nasal introduction of amoebas (2—4,
8. 9). Virulent strains from human pa-
tients rapidly kill mice (3, 4, 8). A
test of the idea that temperature toler-
ance is related to virulence (70) is re-
ported here.

The temperature-gradient block (117)
used in the experiments had 20 steps,
from 29° to 48°C, and 200 holes.
Thermometers inserted through the in-
sulated lid were monitored, and varied
no more than 0.1°C.

Nutritional requirements in axenic
culture differ for different amoebas, so
all amoebas in this study were fed
bacteria. Temperature tolerances in cul-
ture- with bacteria may differ from
those in a host animal, but the condi-
tions are uniform and close to optimal
for bactivorous amoebas.

A plug of agar with amoebas was
placed on a slant (72). After a popula-
tion of amoebas was growing on the
agar, tubes were placed in the gradient.
The condition and position of the
amoebas were recorded daily. For the
results to be accepted as valid, amoebas
in two or three tubes had to start
growth at 23° to 24°C and, in the
gradient, grow at a lower temperature
and fail to grow at a temperature 1°
higher, with the same result when the
experiment was repeated at a different
time,
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The strains of Naegleria tested (Fig.
1) formed two distinct groups. Amoe-
bas fatal to humans grew well above
the temperature of the highest fever;
nonpathogenic amoebas did not grow
above normal human temperatures.

Acanthamoeba strains showed a simi-
lar relationship; the strain most viru-
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lent to mice tolerated the highest tem-
perature, while five nonpathogenic
strains stopped growing at 37°C or
below. ,

Hartmannella agricola (Fig. 1U)
grows in tissue culture (with no cyto-
pathic action) but is not pathogenic
to mice (13). Tetramitus rostratus (Fig.
1V), which was tested by Culbertson
(13), was nonpathogenic or, on pro-
longed testing, had a slight local effect.
Acanthamoeba rhysodes (Fig. IN) is
more virulent to mice than H. agricola
and T. rostratus despite its lower toler-
ance for high temperatures, perhaps
because of the nutritional adaptability
of Acanthamoeba species. The barrier
to pathogenicity of Hartmannella and
Tetramitus apparently is not related to
temperature.
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The highest temperatures at which growth occurred are indicated for 22

strains of amoebas of known virulence or nonvirulence to humans or mice. Brief
growth only on the first day was not counted as significant (I8). The dotted lines in-
dicate multiplication that seemed to be significant but did not reproducibly cover the
slant in the usual way. The sources of the strains are given in (/9), the strain num-
bers in (20), and published information on pathogenic effects in (27).
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To be able to cause fatal primary
amoebic meningoencephalitis, an amoe-
ba must be able to multiply in the
host and to survive fever, as minimal
requirements. The relative importance
of other factors (3, 4) is unknown.

Some parts of the body are cooler
than the brain, and amoebas in granulo-
mas (3, 14) or pneumonia (/5) form
cysts, which might survive episodes of
fever and later excyst to cause recur-
rences. Thus, even an amoeba that
grows only below 36°C could, in
theory, cause disease,

In identifying Naegleria pathogenic
for man, temperature tests may prove
more useful than tests in mice. The
strains of mice normally used were
selected to be susceptible (8. 9) but
differ in susceptibility. As one example,
amoeba strains HN-3 (Fig. IN) and
A-5 (Fig. 10) of Culbertson both
killed the mice used by Singh and Das
(8), whereas only HN-3 killed the
mice used by Culbertson et al. (3, 9).
A strain of N. gruberi that tolerates a
temperature a little higher than do
the strains tested (Fig. 1, J to L)
might well kill a sensitive mouse but
be no threat to humans. Singh and
Das (16) isolated Naegleria strains
only moderately pathogenic to mice; a
temperature test might help resolve
their identity and potential for causing
human infections.

Many attempts have been made to
isolate  pathogenic  Naegleria from
swimming places linked to human in-
fections, but few of the attempts have
been successful. Nelson (6) isolated
N. fowleri from a pond in Virginia in
1971. Anderson and Jamieson (7) in
Australia obtained isolates from tap
water and from a chlorinated pool,
where there were probably few com-
peting species of amoebas.

Because of the high optimal tem-
perature of N. fowleri, incubation of
environmental samples at room tem-
perature favors rapidly growing non-
pathogenic strains. For example, at
23°C, N. gruberi can grow over an
agar slant in 1 day; N. fowleri can
take from 1 week to 2 months. A
procedure for selectively enhancing the
growth of N. fowleri was devised and
tested (17).

The results reported here add to the
taxonomic diagnosis of N. fowleri (5):
They are able to grow at 45°C with
Escherichia coli on sparse nutrient
agar; they transform readily to the
flagellate form at 43°C; on sparse
nutrient agar with E. coli, a popula-
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tion front advances at 1 to 3 mm/day
at 23°C, 7 to 14 mm/day at 37°C,
and 7 to 18 mm/day at 43°C
(from four measurements at each tem-
perature for each of nine strains).

Since N. fowleri was first obtained
in culture with bacteria (3, 4), it has
seemed that the amoebas might in-
crease with bacterial pollution. The fact
that human infections have almost all
occurred during hot weather and after
swimming in warm water (3, 4),
also  suggested a relationship to
thermal pollution. My results suggest
that combined coliform and thermal
pollution would stimulate the growth of
N. fowleri, but environmental data are
lacking (6, 7).

Naegleria produced by pollution
seemed to be a threat to individuals
rather than to populations, because
areas with increased coliforms are
usually closed to water sports, but the
reports by Anderson and Jamieson (7)
give reason for concern. The tap water
in Australia from which they isolated
N. fowleri was chlorinated river water
piped 300 km overland in the summer,
and they could not, by superchlorina-
tion, remove Naegleria from a swim-
ming pool in which human infection
occurred. Environmental testing and
sampling now seems more urgent and
the procedures for differential culturing
and quick identification (7/7) should be
useful.

Joe L. GRIFFIN
Armed Forces Institute of Pathology,
Washington, D.C. 20305
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