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The capability of serum samples from 423 human subjects to agglutinate
rounded cells of Naegleria fowleri nN68 was assessed. Sera from the umbilical
cords of seven infants failed to agglutinate N. fowleri cells. The median agglutina-
tion titer was 1:4 for sera from children through age 4 years, 1:8 for sera from
juveniles 5 to 15 years of age, and 1:16 for sera from subjects 15 to 30 years old.
The agglutination titers of sera from older adults decreased to a median of 1:8 for
the 40- to 60-year-old age group and to 1:4 for the 60- to 90-year-old subjects.
Serum samples from young adults agglutinated rounded cells of both N. fowleri
and N. gruberi. The agglutination activity for N. fowleri was removed by
absorption with N. fowleri but not with N. gruberi. Conversely, agglutination
activity for N. gruberi was removed by absorption with N. gruberi but not with N.
fowleri. The agglutinating activity for N. fowleri was immunoglobulin M. Serum
samples from children displayed markedly disparate capabilities to agglutinate N.
fowleri and N. gruberi. Only rounded cells of N. fowleri or N. gruberi were
reliably agglutinated by human serum samples. Live or paraformaldehyde-killed
cells could be used in the assay, but live N. gruberi cells returned to the amoeboid
form, and these agglutinated poorly.

Primary amoebic meningoencephalitis is a
rare, acute, usually fatal disease of active juve-
niles (4). The disease has been encountered
throughout the world, and the etiologic agent,
Naegleria fowleri, has been isolated from a
variety of aquatic environments in both hemi-
spheres (7, 15). Antibodies reacting with N.
fowleri antigens have been detected in pooled
sera from young adult women in the United
States (16) and in serum samples from adults and
infants in New Zealand (5). Agglutinating activi-
ty specific for N. fowleri has also been measured
in serum samples from 255 human subjects in
Richmond, Va. (12). The agglutinating activity
for N. fowleri could not be absorbed by N.
gruberi. Sera from human infants had negligible
capability to agglutinate N. fowleri. By 4 years
of age, all children tested had sera with measur-
able agglutinating activity for N. fowleri. Agglu-
tinating activity for N. fowleri rose progressive-
ly, reaching a maximum at young adulthood.

It had been observed in the previous surveys
that N. fowleri KUL was not agglutinated as
effectively by human sera (12) or hyperimmune
mouse sera (9) as other tested strains. This
discrepancy could be due to inherent antigenic
differences or to physiological heterogeneity.
We had noted that strain KUL remained more

amoeboid in the diluent used for agglutination
assays than most other strains. Accordingly, we
compared the capability of human serum to
agglutinate rounded cells and amoeboid cells of
N. fowleri and N. gruberi.
One of the objectives of this study has been to

gain insight into the source of antigen eliciting
the antibodies reacting with N. fowleri. Cursons
et al. (5) proposed that antibodies to Naegleria
spp. might have been elicited by exposure to
ubiquitous nonpathogenic amoebae such as N.
gruberi. Our earlier survey, however, failed to
detect agglutinating activity for N. gruberi in
human serum (12). Accordingly, further studies
have been carried out to determine whether the
inability to detect agglutinating activity for N.
gruberi reflected limitations of the assay proce-
dure or an absence of specific antibody. Our
earlier survey focused on pediatric outpatients
and young adults (20 to 40 years old). If contin-
ued exposure to a ubiquitous antigen were re-
sponsible for the immune response to Naegleria
spp., older adults should have a level of aggluti-
nating activity similar to young adults. If the
antigen were limited to novel sites in the envi-
ronment (e.g., recreational lakes), more seden-
tary, older adults should have lower agglutinat-
ing activity for Naegleria spp. Although fatal
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TABLE 1. Capability of human serum samples to agglutinate N. fowleri nN68

No. of No. with agglutinating titers of:
Age group or subjectsa <1:2 1:2 1:4 1:8 1:16 1:32 1:64
source of sera

M F M F M F M F M F M F M F M F

Cord sera 4 3 4 3
1 day to 1 yr 4 4 0 1 4 2 0 1
1-2 yr 5 6 1 0 2 1 1 4 0 1 1 0
2-4 yr 4 7 1 4 0 1 2 2 1 0
4-8 yr 7 3 3 2 3 1 1 0
8-15 yr 18 12 1 2 2 2 11 4 4 4
15-30 yrb 77 43 1 0 6 3 13 8 30 17 19 8 8 7
40-60 yr 20 34 0 1 1 4 3 7 6 9 7 11 3 2
60-90 yr

Institutionalized 110 3 20 30 43 14
patientsc

Communityc 62 6 15 25 14 2

a M, Male; F, female.
b Previous results (12).
c Sex not available.

primary amoebic meningoencephalitis in hu-
mans is rare (4), amoebae have also been impli-
cated in an asthmatic-type disease and rheuma-
toid arthritis (18). A second objective of this
study was to test for a correlation between
antibody to Naegleria spp. and rheumatoid ar-
thritis or asthma.
The present survey has assessed the capabili-

ties of cord sera and serum samples from elderly
humans to agglutinate Naegleria cells. These
subjects had not been included in our prior study
(12), and Cursons et al. (5) have reported that
cord serum contains antibodies reacting with N.
fowleri. The current report also presents data on
the agglutinin levels in selected patients, in
particular those with rheumatoid arthritis. Wy-
burn-Mason (18) has proposed that amoebae
might initiate the changes of rheumatoid arthri-
tis. The current survey establishes the immuno-
globulin class responsible for agglutination of N.
fowleri. A satisfactory method for measuring
agglutinating activity of human serum for N.
gruberi was developed.

MATERIALS AND METHODS

N. fowleri nN68 and 6088 were grown in Nelson
medium (10). N. gruberi EGB was grown in Balamuth
medium (2) or in a medium composed of 9 parts of
Nelson medium and 1 part of Balamuth medium.
Samples of fresh human serum were obtained from

the Duke-Watts Family Medicine Center, from Marian
Waller, Department of Medicine, Virginia Common-
wealth University, or from Professional Medical Lab-
oratories, Petersburg, Va. All sera were collected by
centrifugation (1,500 x g for 20 min) and stored at
-20°C until assayed. Complement was inactivated by
heating at 56°C for 30 min.
Amoebae for agglutination assays were harvested

from axenic cultures in Nelson medium and suspended

in Eagle minimum essential medium (12, 15). The
suspension was chilled to 5°C and diluted to give 5 x
105 cells per ml. Prolonged chilling of the cell suspen-
sion caused spontaneous agglutination. Alternatively,
Naegleria cells were killed and fixed by adding para-
formaldehyde to a final concentration of 1% (vol/vol).
The killed cells were washed three times and suspend-
ed in Eagle minimum essential medium. The Naegleria
cells were mixed with serum dilutions in microtiter
plates with flat bottoms (B-D Immuno-diagnostics,
Oxnard, Calif.) and then incubated at 37°C for 30 min.
Agglutination was scored by examining the amoeba
suspensions with an inverted compound light micro-
scope. Agglutination titers were expressed as the
greatest serum dilution capable of agglutinating the
amoebae (1). Duplicate assays did not vary by more
than one twofold dilution.
Anti-human immunoglobulin A (IgA), IgG, and IgM

antisera (Cappel Laboratories, Cochranville, Pa.)
were used to identify the immunoglobulin class pres-
ent in fractions after DEAE-cellulose chromatography
and were used as reagents to block agglutinating
activity of human serum samples. For the latter pur-
pose, 50 ,ul of a human serum sample and 50 ,ul of anti-
immunoglobulin reagent were mixed and incubated at
37°C for 30 min before assaying for agglutinating
activity.
Human serum samples were fractionated by DEAE-

cellulose chromatography (11). The protein fractions
were recovered by stepwise elution with sodium phos-
phate buffers: step 1, 15 mM, pH 6.3; step II, 40 mM,
pH 6.0; step III, 100 mM, pH 5.8; step IV, 300 mM,
pH 5.5; and step V, 400 mM, pH 4.3. The protein
distribution was monitored with a model UA-5/273
fraction collector (ISCO, Lincoln, Nebr.). The flow
rate was 80 to 90 ml/h. Samples corresponding to
absorbance peaks were pooled and concentrated by
dialysis against polyethylene glycol (Carbowax 20,000;
Union Carbide Corp., New York, N.Y.).

Sera and serum samples were treated with 200 mM
2-mercaptoethanol to inactivate 1gM (9). The treated
samples and their untreated controls were incubated at
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TABLE 2. Symptoms of human subjects and capability of their sera to agglutinate N. fowleri nN68

Subjects No. with agglutinating titers of:
Symptom MdaSymptogNo. lyr) <1:2 1:2 1:4 1:8 1:16 1:32

Asthma 22 10 1 2 2 16 1
Brain involvement 8 4 1 3 1 2 1
Respiratory distress 3 11 2 1
Rheumatoid factor positive 25 54 4 8 10 3
Rheumatoid factor negative 25 58 1 2 8 1) 4

37°C for 30 min before agglutinating capability was

measured.
Ouchterlony gel diffusion assays were performed on

selected sera and serum fractions by the method of
Garvey et al. (8).

RESULTS

The agglutinating capability of 77 serum sam-

ples from infants, children, and juveniles and of
samples from 226 adults against N. foit'leri nN68
was assessed. The sera of all 15 infants, includ-
ing 7 cord sera, had negligible agglutination
titers against N. fotwleni. The sera of the 22 1- to
4-year-old children had a median agglutination
titer of 1:4. Sera of the 120 adolescents and
adults had a median agglutination titer of 1:16.
Sera of institutionalized subjects in the age range

of 60 to 90 years had a median agglutinating titer
of 1:8, whereas those living in the community
had a median titer of 1:4 (Table 1).
The agglutinating titers of sera from 25 rheu-

matoid factor-positive and 25 rheumatoid factor-
negative adult arthritis patients were compared.
The median titer of the rheumatoid factor-posi-
tive sera was 1:8, whereas that for rheumatoid
factor-negative patients was 1:16 (Table 2). The
median agglutinating titer of sera from 22 pediat-
ric asthmatic outpatients was 1:8.

Selected human sera were examined for their
capability to agglutinate N. fowleri and N. grui-
beri. As noted before, sera from young adults
agglutinated rounded cells of N. fiow'leni effec-
tively. These sera agglutinated amoeboid cells of
N. Jot'leni poorly (Table 3). Sera from young
adults agglutinated rounded cells of N. giruibeni
but not amoeboid cells. The agglutinating activi-
ties of human serum samples were generally
congruent for rounded cells of N. Jfti'leri and N.
gnriberi. Sera from infants did not agglutinate
rounded cells of either species (Table 3). Sera
from young adults which had been absorbed
with rounded cells or amoebae of N. foiwleni lost
the ability to agglutinate N. J'w/leni. Sera ab-
sorbed with N. fiowleni retained the ability to
agglutinate N. gt-iibeni. Sera absorbed with
rounded cells or amoebae of N. gruibeni specifi-
cally lost the ability to agglutinate N. gi,nibeini.
Sera absorbed with N. gnitben-i retained the

ability to agglutinate N. Jotwleri (Table 4). Sera
absorbed with sheep erythrocytes also retained
the ability to agglutinate Naeg/enia spp.

Several human sera were fractionated by
DEAE-cellulose chromatography. By Ouchter-
lony assays, we confirmed that the majority of
the IgG was in fraction I and the majority of the
IgM was in fraction 4. Essentially all of the
agglutinating activity was in fraction 4 (Fig. 1).
Anti-human IgM but not anti-human IgA or anti-
human IgG blocked the ability of human sera to
agglutinate N. fow/leri (Table 5). The agglutinat-
ing activity of whole human serum and of frac-
tion 4 was inactivated by 2-mercaptoethanol.
Sera from elderly subjects who had negligible
capability to agglutinate N. otw/leri did not inhib-
it the ability of sera of young adults to aggluti-
nate N. fowvleri.

Selected samples of sera from pediatric outpa-
tients were examined for their capability to
agglutinate live or killed rounded cells of N.
ftwleri and N. gruberi. The agglutinating activi-
ties of the pediatric serum samples measured
with killed cells as the assay antigen were essen-
tially the same as those measured with live
rounded cells (Table 6). There was, however, no
correlation between the agglutinating activity of
a pediatric serum sample with respect to N.
fowvleri and that for N. gruberi.

TABLE 3. Capability of selected human serum
samples to agglutinate rounded cells of N. fowt'leri

nN68 and N. giruibeeri EGB
Agglutinating activity with respect

to:

Serum sample N. fiomleri N. grullberi

Rounded Amoe- Rounded Amoe-
cells bae cells bae

Young adult (29 yr) 1:32 1:8 1:32 1:2
Young adult (23 yr) 1:32 1:4 1:32 1:2
Young adult (24 yr) 1:16 1:2 1:8 1:2
Young adult (28 yr) 1:8 1:2 1:8 1:2
Child (12 yr) 1:8 1:2 1:16 1:2
Child (5 yr) 1:8 1:2 1:8 1:2
Elderly (68 yr) 1:8 1:2 1:8 1:2
Elderly (67 yr) 1:4 1:2 1:4 1:2
Toddler (1.5 yr) 1:8 1:2 1:4 1:2
Umbilical cord 1:2 1:2 1:2 1:2
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TABLE 4. Absorption of agglutinating activity of a human serum sample by amoebae or rounded cells of N.
fowleri nN68 or N. gruberi EGB

Agglutinating activity with respect to:

Serum absorbed with: N. fowleri N. gruberi
Rounded cells Amoebae Rounded cells Amoebae

Nothing 1:64 1:8 1:32 1:2
N. fowleri amoebae 1:4 1:2 1:32 1:2
N. fowleri rounded cells 1:2 1:2 1:32 1:2
N. gruberi amoebae 1:32 1:2 1:2 1:2
N. gruberi rounded cells 1:32 1:2 1:2 1:2
Sheep erythrocytes 1:32 ND" 1:16 ND

a ND, Not done.

DISCUSSION
Our results indicate that humans are periodi-

cally exposed to Naegleria immunogen in suffi-
cient amounts to elicit and sustain a readily
measurable immune response. The antibody
elicited is of the IgM class, indicating that the
exposure is rather low or that the antigen may be
a repeating polymer, for example, a polysaccha-
ride or glycolipid. The capability of human se-
rum samples to agglutinate rounded cells but not
amoebae of N. fowleri or N. gruberi is consist-
ent with the proposition that rounded cells dis-
play unique antigenic sites on their surfaces. The
agglutinating activities are species specific,
thereby corroborating the suggestion that the
agglutinating activity for N. fowleri is not the
result of prior exposure to the ubiquitous free-
living amoeboflagellate N. gruberi. Moreover,
the agglutinating activity is not absorbed by
sheep erythrocytes, indicating that Forssman
antigens are not involved. Accordingly, N. fow-
leri itself may be the immunogen eliciting the N.
fowleri agglutinins. If this proposal is correct,
exposure to N. fowleri only rarely leads to
primary amoebic meningoencephalitis.
The failure to detect agglutination of N. gru-

beri by human serum in our previous survey (12)
reflected the rapid reversion to amoeboid cells
that occurred during the assay. Good agglutina-
tion of either N. fowleri or N. gruberi is
achieved only with rounded cells. Rounding is
evoked by chilling cells grown in a medium of
low ionic strength (e.g., Nelson medium). N.
gruberi grown in Balamuth medium reverts rap-
idly to the amoeboid form and is not suitable for
agglutination assays. Rounded cells may be
killed and fixed with paraformaldehyde to en-
sure that they do not revert to the amoeboid
form.

Sera from young adult humans contain specif-
ic agglutinating activity for N. fowleri, but the
agglutinating activity is negligible in infants. The
agglutinating activity is an antibody of the 1gM
class; therefore, it is not passed transplacentally
to newborns. Toddlers develop agglutinating ac-

tivity, indicating that antigenic exposure is asso-
ciated with exploration of the environment. Ag-
glutinating activity is highest in the sera of young
adults and wanes in later life. Although impaired
responsiveness to Naegleria antigens is a possi-
ble explanation, it is more likely that decreased
exposure to the antigen is responsible for the
decreased level of agglutinating activity in the
sera of humans over 50 years of age. The source
of this antigen or cross-reacting antigen in nature
remains unknown. N. fowleri can be isolated
from nature, particularly from thermally pollut-
ed water (7, 15).

In our previous survey (12), the 38 asthmatic
pediatric outpatients appeared to have some-
what higher agglutination titers with respect to
N. fowleri than nonasthmatic children of similar
age (median of 1:16 versus median of 1:8, re-
spectively). In the current series of 22 asthmatic
pediatric outpatients, the agglutinating activity
for N. fowleri was the same as that for other

IgM
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FIG. 1. Capability of fractions of human serum to
agglutinate N. fowleri nN68. Serum was fractionated
by DEAE-cellulose elution chromatography. Protein
content of the fractions was monitored by absorbance
at 280 nm ( ). Agglutinating activities of selected
pooled fractions were measured (solid bars).
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TABLE 5. Inhibition by anti-human immunoglobulin
or by 2-mercaptoethanol of capability of selected

human sera to agglutinate N. fowleri nN68

Agglutinating titer of serum
Treatment sample

1 2 3 4

None 1:16 1:16 1:16 1:32
Anti-IgA 1:16 1:8 1:16 1:16
Anti-IgG 1:16 1:8 1:16 1:16
Anti-IgM 1:4 1:4 1:4 1:4
2-Mercaptoethanol <1:4 <1:4 <1:4 <1:4
Negative geriatric serum 1:16 1:8 1:16 1:16

children of similar age. The adult patients who
were rheumatoid factor positive had lower ag-
glutinating titers for N. fowleri than rheumatoid
factor-negative subjects of similar age. The low-
er agglutinating titer is most likely a conse-
quence of the disease state rather than being
linked to the causality of the disease.

It has been proposed that unwitting exposure
of humans to the more ubiquitous nonpathogen-
ic species may immunize them against the more
virulent pathogenic species (1, 6). Our results
indicate that the agglutinating activities for N.
fowleri and N. giuberi are distinct and are not
likely to represent immunological cross-reac-
tions. Moreover, there is little immunological
cross-reaction between Naegleria spp. and
Acanthamoeba (14) or Entamoeha spp. (17). We
have proposed that juveniles who have not been
previously exposed to N. fowleri antigens or
have not developed antibody against N. fouvleri
or both are vulnerable to primary amoebic me-
ningoencephalitis (12). Cain et al. (3) failed to

TABLE 6. Capability of selected pediatric serum
samples to agglutinate live or killed rounded cells of

Naegleria spp.

Agglutinating activity with respect
to:

Serum sample
from: N. fowleri 6088 N. grtuberi EGB

Live Killed Live Killed

5-yr-old female 1:64 1:32 1:4 1:4
14-yr-old male 1:32 1:32 1:8 1:4
16-yr-old female 1:32 1:16 1:4 1:4
11-yr-old male 1:16 1:16 1:16 1:16
3-yr-old male 1:8 1:8 1:4 1:4
12-yr-old female 1:4 1:8 1:4 1:4
3-yr-old male 1:4 1:8 1:4 1:8
8-yr-old male 1:4 1:4 1:32 1:32
5-yr-old male 1:2 1:4 1:8 1:4
16-yr-old female 1:16" 1:32" 1:4 1:4
6-yr-old male 1:16" 1:32' 1:2 1:4
11-yr-old male 1:16' 1:32' 1:4 1:8
3-yr-old male 1:2" 1:4' 1:2 1:4

"Agglutinating activity with respect to N. fows'leri
nN68.

detect antibody against N. fowleri in a patient
with primary amoebic meningoencephalitis, us-
ing a fluorescent-antibody test. Similarly, Cur-
sons et al. (6) found only a very low intensity of
fluorescence, using an indirect fluorescent-anti-
body test for specific N. fowleri antibody, in
another patient with primary amoebic meningo-
encephalitis. The low levels of specific antibod-
ies reported for the patients with primary amoe-
bic meningoencephalitis may accurately reflect
the low level present initially or the limitations
of the tests used or both. The acute nature of the
disease does not usually allow sufficient time to
elicit a marked elevation in specific antibodies;
however, a titer of 1:4,096 was demonstrated in
the serum of a patient successfully treated for
primary amoebic meningoencephalitis (13). Data
available presently are too limited to allow us to
correlate susceptibility to primary amoebic me-
ningoencephalitis with the immune state of a
human subject.
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