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ISOLATION OF LIMAX AMOEBAE FROM THE NASAL
MUCOSA OF MAN

L. CERVA,C.SERBUS and V. SKOCIL
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Abstract. We examined 3,082 smears of nasal mucosa obtained from 1,551 recruits of a North Bohemian
district, in culture on agar plates with a heat-killod suspension of Aerobacter aerogenes. Limax
amoebae were found in 7 % of the samplos; most frequent were Acanthamoeba polyphaga (6.3 %),
A. castellanii (0.67 %) and Hartmannella vermiformis (0.68 %,); tho remaining amocha species occurred
only occasionally. The spocios composition was similar in both the soldiers inspected and in tho dust
samples collected from the soldiers’ dormitorios. The presence of amoebae in the mucosa of the upper
respiratory systom of man may bo aseribed to a passive contamination of the mucosa by cysts
aspirated from the extornal environment; a similar mode of contamination may occur with cysts of
pathogenic amoebao of the genus Naegleria,

During the course of cpidemiological studies in military communities (Sko¢il et
al. 1970 a, b; 1971) we recovered a large number of amoeba strains from culture of
smears from the nasal mucosa. Information on the composition of species in these
isolates ranges among the most important data to be obtained from any general cpide-
miological cvaluation. Our part of the study had to be published in a separate paper,
i. e., much later than the statistical evaluation of the numerical results and other epide-
miological observations in view of the fact that it is difficult to assess the identity of
the various limax amoebao, that this work requires a lot of time and often, the results
are problematic. Our study is part of a comprehensive research assignment concerned
with investigations of the epidemiology and ecology of the causal microorganism of
amochic meningoencephalitis and of other closely related microorganisms.

MATERTAL AND METHODS

Our studies were conducted with amoebae obtained by eulture of smears from the nasal mucosa

of 1,641 recruits aged 20—21 years. These were divided into five experimental groups: a soleetod
team (1,000 soldiers); Group | (130 soldiers); Group 2 (115 soldiers); Group 3 (125 soldiers); Group 4
(161 soldiers). Except the selected team, ull soldiers wero stabioned permancntly in barracks in
a North Bohomian disirict. Members of Group 1—4 were examined 4- 6 times. Our study lasted
from 1968—1971.
Colleetion of amoebae: Most strains were obtained from the nusal mucosa. We used sterile
cotton wool on wooden skewers moistened with sterile distilled water, applying one swab to both
nostrils. In addition we collected 4 times dust samples from the 6 dormitories of Group 4 by skimming
the surface of the beds nnd of other furniture with moistened collon wool swab. From these
samplos we isolated 248 strains capable of growing at 37 °C, which are included in our study.
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Culture mothod: The cotton wool swab with the collected material was broken off the skewer
by means of sterile pincers and pressed into the agar layoer covered with a film of a heat-killed suspen-
sion of Aerobacter aerogenes (Culbertson et al. 1965). The incubated plates were placed in polyothylene
bags, elosed hermetically and incubated upside down at 37 °C for a minimum of 7 days. In tho miero-
scope we inspecled the culture through the bottom of the petri dish (magnification 100).

Tho isolatos were passaged in the same medium. A small number of isolates only could be trans-
ferred into liguid medium (2 %, Bacto Casitone Difco in distilled water) under axenie conditiona.
Cloning: In view of Lhe large numboer of isolates, cloning was performed only in cases in which the
different shapo of the amoebae and their cysts suggested the presence of two or moro gpocies in one
agar plato. In most cascs, however, the culture was morphologically homogeneous. The method
employed for the isulation of the clones has boon described in an earlier paper (Cerva 1071).
Staining methods: Permanent slides were stained with Heidenhain's iron hasmatoxylin, Masson's
green trichrome, and with Giemsa—Robinow’s method for nuocleic acids.

Identification of the amoebae: The criteria given by Pago (1967a, b, 1968) were used for basic
classification and assessment of the taxonomic position, thereby keoping in mind that often the border
line between individual specics is problomatic owing to the vagl range of variability in the shape and
size of these protozoans. Unfurtunately, no more satisfactory criteria are available as yet.
Photographs: Viable amoebae and oysts were photographed in the phase contrast with lHeine's
oondenser (Ortholux Leitz, Wetzlar), at & lower magniflcation direotly through the bottom of the
petri dish and the agar layer; photographs of cysts with an immersion objective were taken in
& drop of wator on the microscopic slide.

RESULTS

Of a total of 1,651 soldiers examined, positive culture results were obtained from 185
soldiers, i.e. 11.9 %,. We isolated a total of 218 strains of limax amochae growing at
37 °C in the agar. We included only strains capable of growing at man’s body tem-
perature and thus fulfilling the primary condition of parasitism.

Table 1 shows the frequency of the individual species in the various groups examined.

Table 1. Genoral survey of findings of individual amoeba species in the groups oxamined®)

Group Y5 in the
| = s Total no. of.
selected 1 ! 2 I 3 4 . oxaminations

No. of members , | l

in the group L L000 | 150 | 114 125 161 | 1,551
No. of cultures 1,065 729 386 ! 651 310 3,041
Of those positive: i . |
Acanthamoeba astronyxis 1 0 0 | 1 E 2 | 0.06
Acanthamoeba castellannii 4 0 13 | 2 . 21 | 0.7
Acanthamoeba polyphaga 46 48 30 35 16 | 165 5.3
Hartmannella exudans 1 1 0 0 1 0 1 2 0.06
Hartmannella vermiformis 4 2 1 5 6 18 0.58
Vahlkampfia jugosa 1 0 0 1 0 ! 2 0.06
Vahikampfia inornata 1 0 0 0 . 0 | 1| 0.03
Unidentified strains 0 0 2 2 i 3 7 0.22
Total s ' a1 ! 4| 45 l 28 ' 218 . 7.0

| |
*) Seo p. 97
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It gives cvidence of the supreme dominance of Acanthamoeba polyphaga (75 %,). The
incidence of Acanthamoeba castellanii (9.5 %,) and Harimannella vermiformis (8 %) was
considerably lower. Althongh the remaining species occurred only sporadically, a certain
importance is ascribed to their presence in view of the considerably wide spectrum of
isolated species. This indicates, theoretically, that any species of limax amoebae may
come into contact with the nasal cavities of man. We were mildly surprized by the
absence of Naegleria gruberi in our isolates. The idenfication of this species is not difficult
and it seems hardly possible that we could have mistaken it for any other species of the
family Vahlkampfiidae.

The results of culture of Group 2 disclosed a more frequent incidence of Acanthamoeba
castellanii than that in the other groups. Although unable to give a unanimous explana-
tion of this fact it is possible that the dominance of this species was of loeal and tem-
porary nature, Table 2 illustrating variation in the species composition of the individual
mucosa samples obtained from Group 1—4 shows that the incidence of Acanthamoeba
castellanii in Group 2 was restricted to samples collected in May and July.

The culture results of samples obtained from the remaining groups did not disclose
any strict dependence of qualitative findings on cither the season or month of collection.
The quantitative percentile findings, however, disclosed a cummulation of lower values
in the winter months. Findings were most numerous in samples collected in the late
spring and in the summer. The distribution of these data is shown in Fig. 1.
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Table 3. Findings of amoebae in dust samples from the dormitories of group 4%)

Colleclion I ‘
|
Specios — — [ ——- ———-‘ Total %
1 2 3| & N |
| f
Acanthamoeba castellanii 7 3 0 6 16 3.4
Acanthamoebu polyphaga 53 54 32 24 163 34.8
Hartmannella exudans 0 0 1 1 2 0.42
Hartmannella vermiformis 4 H 4 21 34 7.2
Unidentified species 2 1 3 1 7 1.4
Total no. of eulture samples 150 | 160 86 92 477
Of these positive 64 ] 37 52 212 45.1
| ; | _ |
*) Soe p. 97
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Repeated positive findings in samples from a single person were not exceptional.
Although the same amoeba species was found in samples from the same person sometimes
two or three times, the intervals being as long as several months, this is no proof as yet
of potential carriership in view of the absolute dominance of Acanthamoeba polyphaga
in samples of nasal mucosa. Only in one case, another species, i.e., Harltmannella vermi-
Jormis, was found repeatedly.

Table 3 surveys the amoeba species obtained from the external environment of
Group 4. 1t shows that the species composition is very similar to that in Table 1 giving
cvidence of the close association between the composition of amoeba species isolated
from the external environment of the persons examined and that from nasal cavitios.
It seems very probable that the external environment is responsible for the contamina-
tion of the nasal cavities and, therefore, may be considered to be the natural source
of infection.

DISCUSSION

The finding of limax amoebae in smears or rinses from nasal and pharyngeal mucosa
referred to in the papers by several authors (Wang and Feldman 1961, 1967; Pereira
et al. 1966, Armstrong et al. 1967, Warhurst et al. 1967) were mostly incidental,
because the initial purpose ol these studies was the isolation of viruses from the upper
respiratory tract. Only Shumaker et al. (1971) performed their experiments with the
intention of disclosing the presence of amoebae in culture of nasal smears in agar and
in tissue culture. They examined 155 children before and after bathing in lakes in the
vicinity of Richmond. They isolated a strain of Naegleria gruberi from the nasal mucosa
of a 7 year—old boy taken immediately after the boy had returned from his swim. The
strain growing at 24 “C was evidently not pathogenic. The experiments indicate that
contamination of the nasal mucosa from an aqueous enviroment is possible, which is
an important observation from the epidemiological point of view.

The method of isolation employed in our experiments utilizes agar plates with
Aervobacter, nowadays recognized as the most effective culture medium. The critical
point of this method is the migration of amoebae from the cotton wool tampon to the
agar, because the sites of direct contact are very small. On the other hand, considerably
larger numbers of amochae are obtained with a tampon than with rinses or seraping
of the mucosa. Until a more ellfective method will be available, we shall have to put
up with this methodological insufficiency.

Originally we assumed that the species determination of isolates from the nasal
mucosa of man will complete essentially the quantitative results of statistical and
epidemiological evaluation obtained earlier from other sections of this investigation.
These results, however, did not offer the expected elucidation of the problem, whether
the positive findings in man were the consequence of an even temporary stage of carrier-
ghip, during which multiplication of the vegetative amoeba stages may have occurred
on the surface or in the mucosa of the upper respiratory tract, or whether infection
was acquired from cysts inhaled with dust.

In view of the dominant incidence of Acanthamoeba polyphaga only, the distribution
of the individual species in our material does not offer any proof of an active carriership
of limax amoebae in man. On the other hand, the marked similarity in the composition
of species isolated from Group 4 and from their dormitories indicates a passive contami-
nation of the nasal mucosa. It is of interest that an infusorian of the order Spirotricha
was found growing in one of the agar plates inoculated with material from the nasal
mucosa.
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The identification of species disclosing a marked similarity in the species composition
of material isolated from the soldiers and in that obtained from their external environ-
ment indicated the possibility of acute danger of aerogenic transmission of resistant
stages of pathogenic amoeba strains, e.g. Naegleria sp. This mode of transmission is
suggested by the presence of amoebic cysts related to the genus Vahklkampfia, which
possesses similar biological properties. The absence of Naegleria sp. in our isolates may
be explained by the local composition of the soil biocenosis.

The most frequent species isolated from both the nasal mucosa and the external
environment was Acanthamoeba polyphaga. The eyst of this species is covered with
a multiply layered wall and this accounts, apparently, for the high resistance to desicea-
tion and its prolonged survival in a dry environment. Also this species is one of the
potential pathogenic agents in spite of the fact that no records are available as yet
on infection of man with 4. polyphaga. The dominance of Acanthamoeba in our material
is in accord with the findings of Kingston and Warhurst (1969) obtained from the
air, although their designation of the species is different from ours.

The increased frequency of positive findings during the warm seasons is very logical
as regards the increased amount of dust in the air. Repeated positive findings in the same
individual, and the earlier observed and statistically distinet relationship between
pathological changes of the nasal mucosa and the frequency of amoebae in the culture
may, in this connection, be explained by the fact that the natural sclf-cleaning activity
of the nasal mucosa (ciliated epithelium) may be reduced and retarded in an inflamed
or otherwise affected mucosa. Under these circumstances it is very probable that cysts
will be isolated from the mucosa, Contact of a pathogenic strain with such suitable
environment increases the possibility of excystation and of active attachment of vegeta-
tive stages and, consequently, the development of acute discase.

BLIIEJEHUE AMEB THMA ,,LIMAX® M3 HOCOBOII CTU3INCTON
OBOJOYKHM YEJOBEKA

JI. Yepna, Il. CepOyc n B, Cxoaun

Peawome. Mol pecacuonann 3,082 Ma3ikop H3 HOCOROH CaM3MCTONH ODOMOMRM, L0/1YYeHHEIX OT
1.551 moBoGpannes w3 OJHOI0 CCBCPO-TCMICKOID paduua, B KYJhTYpe Ha arape ¢ CycneHducH
yournx apom Aerobacter acrogenes. Amel tana , Jimax' waxopmant » 7 % npo0; wame seero
Berpedatnch Acanthamoeba polyphaga (5,3 %), A. castellanii (0,67 %) w Hartmannella vermiformis
(D,%c %); OCTazpbEbic BH)(H aMeld BeTPeTAIMCH JIMML cAYyYadHOo. DBuioBoll cOCTAB OKA3WICH
OJTHAKOD KaK y 00cae 080 IHLIX CONJAT TAK B npobax munu, co0paunoit na coagarcrux obme-
sxurnil, Hasmaue amed b cmaneroit 060,104 1K€ ne pXHeH JIHXATC/ALHOIN CNCTEMbLL Ye/IODCKA MOMHO
OPUAKCHBATL TACCHDRON KOHTAMMUALNE CARINCTOR 00009IKH MINCTAMIL, ITOUABITAME TYAA LUPH
JIIXAHNHN N3 ORPYKATOINEH ¢Pefill; NOXOGHKM CLIOCODOM MOMET MPON30ATH HOpameHue NRCTAMN
parorenun X aMed ns poan Naegleria,

REFERENCES

ARMSTRONG J. A, PEREIRA M. 8,, I[denti- CULBERTSON C. G., ENSMINGER P, W,
fication of “Ryan Virus'" as an amoeba of OVERTON W. M., The isolation of addition-
the genus Harimannella, Brit. Med. J. 1: al strains of pathogenic Hartmannella sp.
212 214, 1967, (Acanthamoeba). Proposed culture method

CERVA L., Studies of limax amocbao in a for application to biological material. Am.
swimming pool. Hydrobiologia (Haag) 38: J. Clin. Pathol. 43: 383—387, 1960.

141161, 1971,

102



KINGSTON D., WARHURST D. C., Isolation
of amoobae from the air. J. Med. Microbiol.
2: 27—36, 1969.

PAGE F. C,, Taxonomie criteria for limax amo-
ebae, with doscriptions of 3 new species of
Hartmannella and 3 of Vahlkampfia. J. Pro-
tozool. 14: 499—511, 1967 a.

~, Re-definition of the genus Acanthamocha
with descriptions of 3 species. J. Protozool.
14: 709—724, 1967 b.

—, Generie oriteria for Flabellula, Rugipes and
Hyalodiscus, with descriptions of spocies.
J. Protozool. 15: 9—26, 1068,

PEREITRA M. 8., MARSDEN H. B., CORBITT
G., TOBIN J. O'H., Ryan virus: a possible
new human pathogen. Brit. Med. J. 1:
130—132, 1966.

SHUMAKER J. B., HEALY G, R., ENGLISH
D., SCHULZ M., PAGE F., Naegleria
gruberi: isolation from nasal swab of a
healthy individual. Lancet 7724: 602, 1971.

SKOCIL V., CERVA L., SERBUS (., Epide-
miological study of amoobas of the limax
group in military communities. First roport:
J. Hyg. Epid. Microbiol. Imununol. 14:
6166, 1970.

Received 25 January 1972.

—, —, —, NEJEDLO V., Epidemiological study
of amoobas of the limax group in military
communities. I1. Study of the military
community L. I (1868-—1069). J. Hyg.
Epid. Microbiol, Immunol. 14: 324331,
1970.

—, SERBUS C., CERVA L., Epidemiological
study of the incidenco of amoebas of the
limax group in military communities. IIL
Investigation of the community of 3¢ gar-
rison L 1.—Problems of contagion in the
community. J. Hyg. Epid. Microbiol. Im-
munol. 15: 166—162, 1971.

WANG 8. 8., FELDMAN H. A., Ocourrence of
acanthamoebae in tissue cultures inoculated
with human pharyngeal swabs. Antimicro.
bial Agents & Chemotherapy 1: 50—03,
1061,

—, —, Isolation of Hartmannella species from
human throats. New England J. Med. 277:
11741179, 1967.

WARHURST D. C., ARMSTRONG J. A,
Study of a small amoeba from mammalian
coll cultures infected with Ryan virus. J. gen.
Microbiol, 50: 207—215, 1968,

L. C., Vojensky ustav hygieny,
epidemiologio a mikrobiologie,

U vojonské nemocnice 1200, Praha 6,
CGS8R

FOLTA PARASITOLOGICA: (PRAHA) 20: 103—104, 1973

CASES OF FACULTATIVE PARASITISM OF LYCTOCORINAE
(HETEROPTERA: ANTHOCORIDAE) ONMANINCZECHOSLOVAKIA

Apart from the family Cimicidac tho cascs of
Heteroptera biting man in Central Europe may
be roughly classified in three groups.

A) Large predatory species of aquatic
families (Notonectidae, Nnaucoridae, Aphelo-
chiridae, Nepidae—rarely) and of terrestrial
Reduviidae can painfully pierce human skin
when incautiously handled; even spontaneous
attacks by Ilyocoris cimicoides (L.) and Reduvius
personatus (L.) may occur and doubtful cases
of attempts at blood-sucking were reported for
the latter species. B) Numerous species of both
predatory and phytophagous terrestrial families
(mainly Nabidae, Miridae and Anthocoridae:
Anthocorinae) may accidentally and sponta-
neously attempt to pierce human skin and
even actually suck lymph or blood, particularly
in hot weather on perspiring individuals,
These cases are of little theoretical interest,
since probably any sufficiently active species
capable of fast picreing action may become

occasionally involved. The resulting annoyance
is usually negligible, but that caused by
normally acarophagous and aphidophagous
nymphs and adults of Orius spp. (Anthoco-
rinae)} during hop-picking is probably the most
severe. ) Moro thcoretically and practically
important are the cases of true facultative
ectoparasitism of nymphs and adults of
Anthocoridae: Lyctocorinae, since in this
subfamily numerous morphological and physio-
logical characters and behavioural traits evolved
which paralle]l those of Cimicidae and which are
sometimes regarded as cvidence of their
closest cladistic relationship. Lyctocoris cam.
pestris (F., 1794) is the only Central European
species important in this respect. It is a
general predator feoding mainly on small
arthropods in nests of a variety of birds, but
living also subcortically and ocourring in
various synanthropic habitats as well. Under not
yet  elucidated conditions it occasionally
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L. Cerva, C. Serbus, V. Skodil, Tsolation of imax amocbae. .. Plate I

Plate I

Fig. 1. Acanthamoeba polyphagu. Cysts on the surface of the agar plate. Triangular till quadrangular
forms are dominating. T"hase contrast { = 300).

Fig. 2. Acanthamoeba polyphaga, showing the multilayered wall of the cyst with the escaping poros.
Phase contrast (> 2,000),

Fig. 3. Acanthamoeba castellanii. Cysts on the surface of the agar plate. Note thn characteristic
polvgonal till sphorical shape. Phase contrast. (= 300),

Fig. 4. Acanthamocha castellanii. Cysls with a multilayered. irregularly folded, wall. Focussing was
difficult in view of the spherical shupe. Phase eontrast ( x 2,000).




L. Cerva, (. Serbus, V. Skoé¢il. Teolation of limax amoebac. .. Plate X1

Plate 11
Fig. 1. Aconthamoeba astronyris. Cysts on the surface of the agar plate. Phaso conbrast (% 3009,
Fig. 2. Acanthamoehs astronyris. Endocyst of regular starlike shupe. Slanting cysts disclose their

lens-=shaped flattening. Phase contrast. (x 2,000),




L. Cerva, C, Serbus, V. Skocil, Tsolation of limax amoebae... Plate I1I

Plate 111

igs. 1. 2. Hartmiannelle ecudans, Cysts and vegotative stages on the surfuce of the agar plate. Phuse
contrast { - 300},

Fig. 3. Hurtmannella vermiiformis. ('ysts on the surface of the agar plate. Phasce contrast (< 300).
Fig. 4. Hurlmannella vernnformis. Spherical ¢

rysts with almost smoothly eontoured walls, Phase
contrast ( < 2,000,




1.. Cerva, (', Serbus, V. Skodil, Isolation of limax amocbae, ., Plate 1V

Plate 1V

Fig. 1. Vahllampfia jugosa. General view on the eysts on the surface of the sgar plate. Phase contrast
( x 300).

Fig. 2. Vahlkam pfia jugose. Undulnied contours of the mucous exoeyst seen only in tho phase contrast
{ 2,000},

Fig. 3. Vahlkampfia inornata. Cysts on tho surface of the agar plate. The grouping of eysts is typical
of amoebae of the family Vahlkampfin. The lens-shaped eyst becomes visible through the marked
reflection of its margin, 'hase contrast (< 300).

Fig. 4. Vahll:ampfia inornata. The wall of the cystisrelntively thin and simooth without vigible escape
pores. The nucleus and nuclealus are elearly visible. I’hase contrast (.2 2.000), '




