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Abstract. Indirect immunofluoreseeneo was used for the dotoetion of relationships among four strains
of pathogenic amoebae of the genus Naegleria (HB-1, Vitek, 0359, 0360), and three species of the
genus Acanthamocba (A. castellanii, A. culbertsoni, A. polyphaga). We found strong cross reactions
in all strains of Naegleria identified as the pathogenic agent of primary amoebie meningoencephalitis
in man, this evidence suggesting their antigenic uniformity. By contrast, antigenic differences of
considerable extent wer found in the threo species of the genus Aconthamoeba; cross reactions were
restricted to the lowost serum dilutions only. The sensitivity and specificity of the IFAT may
facilitate the differentintion of limax amoebae.

The interest in the study of free-living limax amoebae has increased in view of recent
reports indicating that some of these organisms are responsible for lethal menin.
goencephalitis in man, or are pathogenic for laboratory animals.

Goldman et al. (1960b) used fluorescent antibody in their antigenic analysis of
Entamoeba histolitica and E. hartmanni. Goldman (1960a) constructed a microfluori-
meter for the objective measurement of fluorescence of amoebae with FITC conjugated
gamma globulin against homologous and heterologous strains. Goldman and Gleason
(1962) employed a technique based upon absorption of conjugates of heterologous
strains in order to assess antigenic relationships of two strains of Kntamoeba histolytica
and one strain of E. hartmanni. Also Siddiqui and Balamuth (1965) used fluorescent
antibody for the differentiation of several parasitic and free-living strains of amoebae,
but evaluated their results by unaided vision only and confirmed them with QOuchter-
lony’s precipitation reaction or with the reaction for an acetocellulose membrane.
Cerva (1966) employed successfully both direct and indirect fluorescent antibody
tests for the detection of pathogenic amoebae (Acanthamoeba culbertsoni) in the tissues
of experimentally infected mice. Honigberg and Goldman (1968) used quantitative
fluorescent antibody methods for the immunological analysis of the cficet of prolonged
culture of ZT'richomonas gallinue. Augnstine and Lund (1970) compared two strains
of Histomonas meleagridis and one strain of H. wenrichi by means of the indirect
fluorescent antibody test; they evaluated their results by unaided vision only.

Having no microfluorimetric equipment, we obtained a good reproducibility of the
values by means of a simplified scale employed for the estimation of fluorescence
intensity. This enabled the determination of serum antibody titers during reactions
with homologous and heterologous strains.
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MATERIAL AND METHODS

Antigens: we stndied 7 strains of amoebae cultured for several months or yvears under axenie
conditions. Acanthamoeba castellanii—isolated originally by Castellani (1930) and axenized in
our laboratory in 1964. Acantharmocba culbertsoni (syn. A. castellanii strain Al), showing marked
antigenic properties for laboratory animals. Tsolated by Culbertson et al. (1958) from a culture of
monkey kidney cells and deseribed as the first pathogenic strain of limar amoebae. Acanthamocha
polyphnga, strain 0ll—isolated from the water of a swimming pool (Cerva 1971); it is feebly patho-
genio for laboratory mice upon intracercbral nnd intranasal inoculation. Naegleria sp., strain 11B-1,
the firat strain isolaled from the liguor of man infected with primary amoebie meningoencephualitis
(PAME) in the U.S.A. (Butt et al. 1968, Culbertson et al. 1968). Naegleria sp., strain Vitek,
isulated from a case of primary amocbic meningnencephalitis in North Bohemia in 1968 (Corva et
al. 1969). Naegleria sp., strain 0359 and 0360, isolated by Jadin et al. (1971) from two cases of
PAME in Antwerp (Belgium).

All Naegleria strains nre highly pathogenie for laboratory animals. The original strain, Acantha-
moeba castellanii, was cultured at roem temperature, the remaining strains at 35 and 37 °C, in the
samc medium containing 2 Y%, Bacto Casitone Difeo and 10 % fresh horse serum in distilled water
(Cerva 1969). Woll-grown cultures aged 4— i dnys (10—14 days with 4. castellanii) were centrifuged
for 10 min at 2,000 rpm/min; the supernatant was removed and drops of thick sediment were placed
on microscopic slides and slightly flattened. When dry, the smears wero fixed with acetone p.a.
and left until all liquid had evaporated. The antigens fixed on the slides were kept at -20 “C' to be
ready for use.

Antisera: theso were derived from rabbits immunized by repeated intravenous injection of washed
culture centrifugate of the individual strains (4—05 doses at weekly intervals), We used viable
Acanthamoebn snd frost-killed Naegleria, using viable Naegleria for the last dose only. The number
of amoebae per dose ranged from 2—5 . 107, Antisern were kopt at —20 °C.

Conjugate for the IFAT: FITC labelled swine-gamma globulin against rabbit gamma globulin
produced commercially by SEVAC, Prague, trade mark SwAR.

Thoe slides with the antigen were taken out of the freezer and left to dry at room temperature.
Rabbit sera (antisera) were diluted with saline (from 1 : 10 in a twofold series); 30 min incubation
with the antigen at 37 °C in the moist charnber, rinsing of serum in tap water and of slides in saline
solution (pH 7.2, 0.01 M phosphorus) for 15 min in the automatic shaker, another rinse in tap waier
for 5 min, then kept al room temperature until all water had evapurated. Conjugate applied for
30 min at 37 °C in the moist chamber (slaining titer 1 : 10), Evans's blue, dilution 1 : 10,000 added.
The slides were rinsed in the way described for ringing after exposure to serum, and embedded m
buffered glycerol.

Controls: vontrol staining was porformed with a standard positive and a standard nogative scrum:
in addition, antigen was oxposed to conjugate without a specific scrum.

The results were read with the Soviet luminescent mieroseope ML-2 in incident light with a high
pressure meroury tube DRE-250, Excitation filter FS-L.2 connected with filters BS-8-2 and
ST8-7-2, barrier filter no. 2 (%8-18 connected with the filter ZZS8-19). Tmmersion objeetiva B0 %
eye pieces in the binocular head 4 x. Guide-lines employed for the estimation of fluorescenee,
intensity:

0......... red stained amocbae with no sign of fluorescent rim

Feiii da oalsie the red staining inlerrupted by an oocasional green fluorescent rim
L e e tho red-stained amoebac surrounded by a thin, uninterrupted, green, fluoreseent rim
S the same as under 4, oxecept that the rim is thicker

44+ .... thick, green, fluorescent rim of intensive brightness; the green coloration of the
remaining body surface is loss intensive

Doetermination of antiserum titer: we considered the antiserum to be the last converted
value of the dilution still giving a positive reaction to .

RESULTS

As indicated by the results of our preliminary experiments antigens containing
morphologically uniform individuals were found to be the most suitable ones for the
evaluation of antiserum titres. The excessive polymorphism of amoebae in either too
young or older cultures showing differently advanced stages of protozoan degeneration,
makes it difficult to assess the limits of positivity. Also praecystic stages and cysts which
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Nacgleria sp., strain Vitek—positive IFAT. Immersion objrctive 90X, eye pieces 4x

Fig. 2. Nuegleria sp., strain Vitek—negative IFAT, Tmmersion objective 903<, eye pieces 4 X
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may be [ound in culture of several of the strains under consideration, constitute a source
of unspecific positive reactions in spite of the fact that their fluorescence shows the
typical shade of yellowish green colour. The results of antisera and antigen reactions
are shown in Table 1. In the three Acanthamoeba strains, the IFAT disclosed distinet
differences in the height of titers of positive reactions with homologous and heterologous
sera. Cross reactions associated with generic relationships among the strains were
restricted to the lowest serum dilutions only. No traces of common antigenic components
were disclosed in sera against Naegleria, and their antigens did not stain with rabbit
sora immunized with dcanthamoeba even at the lowest possible dilution.

The four Naegleria strains differed considerably from the tested Acanthamoeba
strains in strong cross positivity of antigens and antisera; no differences, however,
were found in the titers of reaction of heterologous and homologous components. This re-
markable antigenic uniformity. of pathogenic Naegleria from the American and
European continents indicates their possible identity.

DISCUSSION

In this contribution intended to introduce a series of studics on the antigenic structure
of limax amoebae by means of the IFAT, we are presenting a comparison of a small
portion of amocbic strains [rom our culture collection. The strains chosen for this study
grow well under axenic conditions in a simple uniform medinm, enabling thus maximum
conditions for a comparison of the results of serological tests and excluding the disturb-
ing interference of different components of the culture media on the quality of the
antigens. Moreover, these strains are suitable for mass production of a pure antigen
satisfactory for the proparation of antisera and slides employed for the pertinent
reactions.

The results of the comparison of three 4canthamoeba strains which are almost identical
in their morphology and, hence, difficult to be distinguished from one another with
standard panoptic staining methods indicate that the LFFAT is a highly specific and
sensitive method. These results, consistent with those of Adam’s (1964) immohilisation
tests and Cerva’s (1967) complement-fixation tests, are favouring the view that

Table 1. Results of cross reaction by the IFAT in linar amoebae

Autigen Antisera
! . ‘ I
‘_ Speeios Strain Castol. | A, 0l HB, | Vitek ! 359 360
| ' S T S = =
|
Acanthamaeba Castellani G40 0—10 10 ] ()} 0 | 0
castellaniy ‘ ! |
Acanthamosha | A, 010 ' 160 | 010 0 0 0 0
culbertsoni ! 1 |
Acanthamoeba | 011 0—10 | 0—10 | 160 0 o o0 0
polyphaga . i
i = — —— = __"”i""_'“""
| | HB, 0 0 0 160 320 160 320
| Naegleria sp.  Vitek 0 0 0 160—320, 320 |[80—-160| 320
. ' 359 0 0 0 | 3820 | 320 160 320
' - 360 0 0 0 \ 160 160 160 320
|
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Acanthamoeba culbertsoni is an independent species. Until recently, this species was
recorded as a pathogenic strain of Acanthamoeba (Hartmannella) castellanii. The dis-
closure of distinct differences in the antigenic structure of Acanthamocba is evidently
due to an improvement of the IFAT, in comparison with earlier rosults (Cerva 1966)
which were not obtained with a quantitative method.

On the other hand, the consistence of titers of the cross reactions among pathogenic
Naegleria is amazing in view of the high sensitivity and specificity of the IFAT. It is
contradictory to the suggestion to list the individual isolates causing PAME as scparate
species, e.g., Naegleria fowleri, N. aerobia, N. invadens, ete. Therefore, it should be
attempted to asscs with the IFAT the possible differences between pathogenic and
nonpathogenic Naegleria strains.

AITHTEHTHBLIE B3AUMOOTHOIMENWA MEHJTY HEKOTOPHIMH BHLIABJIEHHLIMIT
INTAMMAMM AMEB 'THHA slimax«< € HOMONLIO HEIIPAMOIO METOJIA @.IY¥-
OPECHHPVIOIINX AHTUTE.I

. Yepna u JI. Kpamapx

Peaiome, lenpumuM Merojom gayopecumpyomuXx a#THTCA HI3YUaJNCh Bad NMOOTHOLICHAA
MELY 4 mraMMaMu naToreHHLX amed poja Naeg!en'a (HB-1, Vilek, 0359 u 0360) u 3 pnpamn
pona Acanthamoeba (A. castellanii, A. culbertsoni, A. polyphaga 011). AHTHCLHBOPOTHN MATOTOR-
AAIUCH TYTEM MMMY H3AINN KPOJIWKOB aMe0aMut H3 aKCCHHYCCKRX RYILTYP. Ha dukenpopaunmis
HIETOHOM MO NPEIMETHRIX CTEKJAX AHTAICH BO3JCHCTBOBANN COpHeil pasBejleHHbIX IOMOJIOINY-
HLIX M I'eTepOJIOrHYHLIX AHTUCHBOpOTOK. Bee mmaMMur pona Naegleria, punaBicnune B KavecTse
noaby;iaresieli nepsuuuoro ame(noro MeRHMHrosHUedaNTA YCJIOBEKa, JAaBaJIN 3HAUMTeNbLNLE
HEPEKPCCTHLIC PeaKinn, cBijeTeancTRyYONMe 00 egnucTee anTurenoB. Mecieyyemue Tpa BHA
posa Acanthamoeba METKO OTANMANNCH APY) OT APYra B OTHOIEHMH anTHicHOB. IlpoBojnamch

JWIE NIEPEKPECTHLIC PCAKIME ¢ CAMBIM HUAKHM DadsejieHBeM CHIBOPOTKN. YyYBCTBRTENLHOCTD
n t:neuuﬁqnomb NCIPAMOTO MeTOJia MMMYHOPUYOPECHNPYIONHX AHTATE MOIYT O0JervmThH
pijlonyio jingdepenauposky ameld rpynm |, Jimax®,

REFERENCES

ADAM K. M. G., A comparative study of Hart-
mannellid amoebae. J. Protozool. 11: 423 to
430, 1964.

AUGUSTINE P. C, LUND E. K., Indirect
fluorescent antibody tests comparing two
strains of Histomonas meleagridis and H, wen-
richi. J. Protozool. 17: 97—99. 1970.

BUTT, G. G., BARO C., KNORR R. W,, Nae.
gleria (sp.) identified in amebic encephalitis,
Amer. J. Clin. Pathol, 50: 568—578, 1068,

CASTELLANI A., An amoeba found in eultures
of a yeast. J. Trop, Med, Hyg. 33: 160, 1930,

CERVA L., Use of fluorcscent-antibody tech-
nique to identify pathogenic hartmannellac in
tissue of experimental animals, Folia parasit.
(Prahn) 13: 328—331, 1966.

—, Immunological studics on Hartmannellid
amoebae. Folin parasit. (Praha) 14: 1925,
1967.

—, Amoebic meningoencephalitis: axenie cul-
ture of Naegleria. Science 163: 576, 1969.

—, Btudies of limar amoebse in a swimming
pool. Hydrobiologin (Haag) 38: 141—161,
1971.

- ,ZIMAK K., NOVAK K., Amoebic menin-
goencephalitis: & now amoeba isolate. Science
163: 675-- 576, 1969.

CULBERTSON C. G., ENSMINGER P. W,,
OVERTON W.M., Pathogenic Naegleria.
Study of a strain isolated from human
cerebrospinal fluid. J. Protozool, 15: 353 to
363, 1968.

—, SMITH J. W., MINNER J. R., Acanthamo-
eba: observations on animal pathogenicity,
Science 127: 15086, 1958.

GOLDMAN M., Antigenic analysis of En-
tamochu histolytica by means of fluorescent
antibody. I. Instrumentation for miecro.
fluorimetry of stained amoebae. Exper. Pa-
rasit. 9: 2536, 1960a,

—, CARVER R. K., GLEASON N. N., Anti.
genic analysis of Entamoeba histolytica by

117



means of Auorescent antibody. 11. £, histo.
Iyttea and E. hartmanni. Exp. Parasitol. 10:
366—388, 1960b.

—, GLEASON N. N., Antigonic analysis of
Watamoeha histolytico by means of fluorese.
ent antibody. IV. Relationship of two strains
E. histolytica and ono of E. hartmanni de-
monstrated by eross - absorplion techniques.
J. Parasit. 48; 778—783, 1962,

HONIGBERG B. M., GOLDMAN M., Tmmu-
nologie analysis by quantitative fluorescent
antibody methods of the effects of prolonged
cultivation on T'richomonas gallinae. J. I'ro-
tozool, 15: 176 -184, 1068,

Received 3 May 1972.

JADIN J. B., HERMANNE J., ROBYN G.,
WILLAERT E., VAN MAERCKE Y., STE-
VENS W., I'rois cas do meningo-encephalito
amibienne primitive observés a4 Anvers
(Belgique). Ann. Soe. belge Méd. trop. 31:
255—266, 1971.

SIDDIQUT W. A, BALAMUTH W., Serological
comparison of selected parasitic and free-liv-
ing Amoobae in vitro, using diffusion—pre-
eipitation and fluoreseent-antibody technies.
J. Protozool, 13: 175—182, 1965.

L. €., Vojensky ustavy hygicny, epidemiologie
a mikrobiologic, U nemocniee 1200, Praha 6,
USSR

Sery' V., Zoulek D., Mirovsky J., Jirovee 0.: Tropické lékatstvi.
Avicenum, Zdrav. nakl. Praha 1971, pp. 414, 205 fig., price Kés 55,—.

The book consists of 13 chapters, of which the
first halfis devoted to tropical infectious disenses,
and the other half concerns pathological condi-
tins caused by life in tropical environment.
Apart from cosmopolitan viroses the chapter on
viral infoetions deals with arboviroses: exotie
fevers such as chikungunya, o'nyong-nyong,
Kyasanur [orest diseasc, Rift Valley fever ete,
It also deals with trachomn, virus granulomes,
kuru, rickettsial diseases and bartonellosis. In
the chapler on diseases caused by bactoria,
besides cosmopolitan bacterial disenses also
cholera, plagus, leprosy and (reponematoses
(lrambesia, pinta, bejel, sodoku) borrelioses ote,
are discussed. The noxt chapter covers cuta-
neous and systomic mycoses. Oul of parasitie
disenses the tropical ns well as some cosmopolitan
protozoonoses and helminthoses are doealt with,
The following chapters are devoted to damages
inflicted to human health by plant and animal
poisons, by humid and hot elimate, and are also
concerned with nutritional deficicncios. The
chaptor on anemias ineludes accounts of hemo-
globinopathy, thalussemia, glueose-6-phosphate-
dehydrogenase deficiency and nutritional an.
cmia. Attention is also paid to tropieal cardio-
myopathy, malignant. tumors and psychiatric
disorders, Last chapters provide accounts of
health examinations for persons staying in the
tropics and considor tropical infections as
occupational diseases. The volume is completed
by a list of important monographs and by
subject and author indexes,

The Czech and Slovak physicians as well as
other gpecialists go to work in doveloping

.
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countries wnd vies versa many foreigners
vigil our country. Air transport has made trips
belween continents short and has increased the
risk of introducing tropical diseases to the
countrivs of temperate zono. The problems of
tropical medicine are met with by physicians
assessing the eonsequences of a stay in the
tropies while examining the persons who have
just returned from such eountries and are tackled
by medical staff in charge of public health
matters and information on preventive medicine,
In compiling this volumo Dr. Sery with his
co-workers and 17 other top experts have
succoasfully filled in a gap in the Czech medical
literature. Tt is a first text-book on tropical
medicine published in the temperate zone
country whieh never possessed colonies and
consoguently started to study tropical medicine
as well as parasitology as late as in tho last few
decades. The reader may judge for himself that
the book is fully up Lo the standards set by
similar publications in ocountrica with a long
tradition in tropical medicine. The inlormation
accumulated in the book is based on personal
knowledge and experience of Czechoslovak
specialists. The chapter topics are equally
balanced, bibliography is wmple and carefully
arranged, consisting mostly of titles of manuals
on tropical medicine and parasitology. A wealth
of original illustrations is an evidence Lhat the
authors had their own cameras always ready.
Tt is only to be regretted that roproductions of
some photographs are not done on a belter paper
or in colour.

Dr. J. Jira, C.Se.



