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(ii) 

lill.STRlt CT 

The t G.Xo nomy of th e o.eti ol oJj ca l .:J.[; ents of l rimary .'\mebic Meninc;o­

e n ce;_)h ali tis ( Pt.M) was inves ti c;ci, t ed t o de t e rmi ne t h e r eli ability o f t h e 

common f entures o f t he three curr ent schem es. I t i s conclud.ed that 

the s chem e of Si n::;.h & Dc..s ( 1970) is the mos t s uitable end s houl d b e 

c ene r a lly adopt ed. The a c ceptanc e of one s ch eme will remove much of 

the confusion wh i ch char act eri z es t he cl assi f i cati on o f these o r c;anisms. 

Curren t i clenti ficat i on methods that differenti a te b etween Naee leria 

r; r uberi (th e !1.0n·-pathor_;en) and I!9-_e .. {!;.~:zj..D: fo~~ (th e pathot;en) were 

a lso investiGat ed over a wider rani:~e o f par am et er s than j_) revi ously , t o 

estab li sh thei r rel ati v e usefulness . Th e conclusions of this investi-

gation a r e ~!r es ented in Tables XXII and. XXIII. The controv ersial 

identifi cation of t he 1968 lrow Zealand C<:!.s e s (i so l at e s BH & BL) a s a 

Myxomycete by Mandal ~!. .~l.. ( 1970 ) was r e- exClill ined. Evi dence is p re­

s ented to demonst r ate that they are N. ~~~e~_?:.· 

It i:u1s establi shecl that there ':Jas no ;cneral sel ecti on fo r the 

no n-pat ho,zen over the IJatho :~ en at 37°c ::rn i nclico.ted 1:Jy t heir resp ective 

Qo2 v;:i,l ues <.~ t 27°c and 37°c. That th ere is po t ent i a l fo r adap t a tion 

to a r nni_; e of te:·nperc:::.tures wi.s shuwa. 

Th e fai lure 8f chlorine as a di s i nfectant for these s oil--am ebae 

was a l so cx2!lli ned . The i neffec t i veness of no r mal l evel s of chl o rination 

was confi rmeC. and t herefore t h e use of NaCl :.md the b.:1sic dyes Mala­

chite Green and Brilli nnt Green investigat ed. It wa s f ound that no 

runebae coul d survive a concentration of 1. 5% (W/V) of NaCl in axenic 

cul ture 7 of 1. 5 pg/cm3 o f Malachite Green and of 3.0 pg of Brilliant 

Gr een. 
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PREFACE 

Primary Jimeb ic I"1eningo-ence;:ihali ti s (PfiJ'.n is a normally fatal dis­

ease of the central nervous system (CNS ) usually involvii113 yo un5 1 

heo.lthy individuals wi t h a recent history of contact with fresh-water. 

It was first recoi:;nisecl by Fowler i n 1lustr al i a in J anuar y 1961 and s ince 

then 1 about 74 di c:l£nose d cases have o ccurred in vari ous parts of t h e 

worl d (Tab le I ) . 

On p urely histoloGical evidence, c.11 r epo rted cases of PAM, p rior 

t o 1968 \vere attribut ed to member s of the Hartmannell a/ Acanthnmo eba 

e r o up of am ebae ( Culbertson et nl., 196 1i Fowler & Carter, 1965 ). 

However, three repo rts in 1968 (Cerva & Novak ; Cerva, Novak & Culbert­

son; Carter) sugc;ested that the amebae were much smaller in histologi­

cal sectionf:l than for the f or merly known ~Jo.tho r; enic Bartmannella/ 

!1canthLl!Tlo eba str ains , and p r obo.1..:lly bel on~;ecl t o the r el at ed e;enus Nae­

g leria. Cul tureJ. verificati on of this su,:_;.; estion soon fo llowed (Butt: 

Bar o & Knorr, 1968i Cul bert son , Ens:n inc:er & Over ton , 1968; Cali cott 

et al., 1968) ::i..'1 ,'~ the .:unaebae v-1e re subsequentl y clo.ssified as !ae3 leri 9; 

.G~· Then, in 1970 1 on the basi s of morpho l oL:ical , cultural, a..11.d 

vat hoGeni city differences, Carter renQ!Tled the p~tho~onic NaeGleria, 

Naer;leri c. fo~1leri. To elate, there are two other synonyms for the path­

Oi~eni c Naec;leri a: £! · ~9_~i-~ (Sini::;h & Das? 1970) .J.nd N •. ~1::Y o..de~. 

( Cho..rl(j 1 197 1 ) • 

The f irst New Zealand co.ses of PAM o ccurred in the late autumn of 

1968 (Manda.l -~~al., 1970) cd't er the victi ms had bathed in a Matwnata 

hot-spring . Al though the amebae wer e ori c;inally considered to b elong 

t o the g enus Nae{:Sleri a , they were later reclassified. a.s a slime mould 

p robab ly b elonGinc t o the genus Echinostelium, Mandal ~ ?l • The 

fifth case o ccurred in May 1972, after the victim ha d also swum in a 

thermal pool, but in thi s case the aetioloGi cal a{;ent wa s identified as 

!!· fowleri (Nicoll, 1973). Since then the Adelaide Amebic Research 

Unit has consistently isolated pathog enic Naegleria and Hartmannella/ 

Acanthamoebae from New Zealand sources (Robinson, 1974). 

Unfortunately, the cla ssification of these organisms is still a 

controversial matter (Carter 7 1970; Culbertson, 1971). With three 

different classification schemes existin0 in the literature (Paee, 1967; 

Sins h & Das, 1970; Chang , 1971) all of which overlap to some consider--

, ' 
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able extent crentini:; confusion in the selection of a. name, it was con­

sidered necesuary to review the classification to est::i.blish the clec;ree 

of relia"bili ty which could be :i.tt~che cl t o each of the characters cited. 

It is essential as a prelude to the cli.nc;nosis of P1\M that there are 

reli2.ble characters on which to ;;ase 2...'1 identification, since b.v its 

very nature , iclentificntion :; resup;ioses that classification hi.ls 

already distin[-;uished the species, ancl that rn::in1es hnve been assigned to 

them . As i.1 follow-up , it Wi.1S consiclerecl essential to review current 

identification methods over a wider rMt; e of experimental parmneters 

than have previously '::leen exemined, ns well as investicatinc new methods 

of identificc..tion . Usin -:; these methods, it was then decided to re­

assess the controversial identificntion by Mnndal ~ al. ( 1970) of 

the causa tive .'J.Cents o f the early New Zeal 2nd cases. 
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CHAPTER OUE: INTROIUCTION 

1. The History of Primary .Amebic Meningo-encephalitis 

1.1 Discove~ 

1 

Between the establishment of the families under the 

order Amoebida,Wenyon (1926) and the systematic treatment on 

a phylogentic basis by Singh (1952) the small, free-living 

soil-amebae attracted little research attention perhaps 

because Schaudin (1903) had convinced most workers that the 

only real pathogenic ameba of the human intestine was 

~~~ .~~stoliticao This preoccupation with intestinal 

amebic disease, effectively inhibited the consideration of 

th·" role free-living amebae as disease agents to such an ex­

tent that when amebae were encountered in bacterial or fungal 

cultures, the tests for virulence were made by inoculation of 

the animal only via the intestine. Further support of this 

preoccupation comes from two retrospectively diagnosed cases 

of PAM in which the causative agent was thought to be the in··· 

teotinnl amc::ba Io~g~ £':.!~ill (Derrickv 1948 ~ Kernohanu 

1960). 

Intere:Jt was revived in 1957 when Jahnes e-1:_ a~~·, reported 

that some free~-living amsbae, loosely classified as Acanth­

amoebac~ were found as contaminan-i;s in prj mary monkey kidney 

cell culture, ~PMX). I'hen in ·j9jG medical interest was 

aroused when Culbertson ~ .~h·, who observing a similar ameba 

in cell culture fluid suspected of containing an unknown 

simian virus, injected this fluid into the brains of both mice 

and monkeys to determine the virulence of the suspected viruso 

All the injected animals died and arnebae were found in 

lesions of severe meningo-encephalitis~ Direct microscopio 

examinations of the cell culture fluid used for the in­

oculation revealed the presence of amebae in the monoleyer 

itself. Thus the effects of the amebae upon the cell culture 

had been mistaken for viral cytopathogenic effects, (CPE). 

Removal of the amebae from the cell culture produced no CPE 

at allo This amebae, designated Hartmannella, strain A-1, 

was later classified as J:!5i.rtmanne~ culbert~<?.!&-_ by Singh and 

Das (1970.). 
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From this evidence, Culbertson~ !l· (1961) postulated 

that a similar disease could occur in man as a result of con­

tact with water which was heavily conta'll:i.nated by these 

orgariisms. Shortly after, the disease was recognised by 

Fowler in Australia ( 1961) and Butt in the USA ( 1962). The 

first published description of the disease came in 1965 
(Fowler & Carter) and this was followed shortly after by re­

ports from the USA, Czechoslovakia, Australia and New Zealande 

From one of these reports Butt (1966) coined the term Primary 

Amebic :Meningo-encephali tis (PAM:) to distinguish the disease 

from the rare invasion of the brain by!!• histolytica. 

Although the early reports suggested that the causative 

agents of PAM might belong to the Hartmannella/Acanthamoeba 

group, by 1968 it was generally agreed that the incriminating 

species belonged to the rel a ted genus Naegleria (Butt, Baro, 

Knorr, 1968 ; Carter, 1968i Culbertson, Ensminger & Overton, 

1968). The pait;hogens were thus considered to be pathogenic 

strains of Naegleria gruberi until 1970, when Carter renamed 

them Naegleri a fo~" 

To date there have been about 74 diagnosed cases of PAM 

reported but this is open to conjecture since retrospective 

diagnoses indicate that some cases may h~ve occurred un­

recognised. The disease has occurred in many countries 

(Table I) the majority of cases being associated with contact 

with water. 

1.2 Classification and Identification 

In 1909! Dangeard stated 11 rien n'est plus difficle en 

effet que determiner une arnibe". In 1973., Bovee and Jahn 

stated, "progress in taxonomy and phylogeny of arnebae is slow 

and use of modern methods even slower". More specifically on 

the subject of limax-arnebae taxonomy Carter (1970) stated 

that, "their taxonomy is unfortunately a controversial matter; 

diverse and therefore confusing classification exists in the 

literature. The chief difficulty is the relative lack of 

immutable characteristics by which these arnebae can be 

identified. The nucleus is distinctive but common to all, 
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Table I. Cases of PAM in the Literature (adapted from Carter, 1972) 

I 
I 

No. of No. of cases ' 

I Country reported with amebae Identity Reference 
cases isolated ! 

I 

Africa 1 0 - Grundy & Blowers, 1970 

Australia 1* 0 I - j Derrick, 1948-49 
4 0 ! Naegleria Fowler & Carter, 1965 
2 1 i N.fowleri j Carter , 1968 

I 1-1 I 1 11 I " 1970 
I 2 I 2 I " I " 1972 

2 2 

I 
" !Anderson & Jamieson, 

I ! 1972b 
I • 
! I 

Belgium 3 3 !·~ruberi I Jadin et al., 1971 
1 1 N.fowleri Van Den-Driessche, 

,--~1973 
Czecho-

I 
16 0 - Cerva & Novak, 1968 

slovalcia 1 I 1 Naegleria , Cerva et al. 1 1969 
I I --

Great ! 2* 0 I - ! Symmers, 1969 
Britain I 1* 0 I - i Apley et al. , 1970 I 

1 1 i Naegleria " " 1970 ! 

I 1 0 Acanthamoeba i Jager & Stamm, 1972 I 
I 

India l 2* 0 -· i Pan & Gosh, 1971 
I 1 0 - Bedi et al., 1972 I I I --

New I 1* 0 
I I 

1970 i - I Mandal ~ al. 1 
! : 

Zealand 3 I 1 I :Myxomycetale " " 1970 
i 1 I 1 j N.fowleri ' :Ji coll, 1973 I I 

, _ 
·-· .----1 -- - - - - ··-

I I 

I USA 1 I 0 - Kernohan et al., 1960 

I 1 I 0 I Hartm~ella Patras & Andujar, 1966 

i 3 
I 

0 1 Butt 1 1966 
1 1 I Naegleria I Butt, Baro & Knorr , 

1968 
1 0 - Poppiti , R.J., pers-

onal comm. to Butt 
et a~., 1968 

1 0 .Acanthamo eba Rorke et al. , 1971 
7 0 - Cali co tt ,-1968 
1 1 N.gruberi Calicott et al., 1968 
3 2 Naegleria Duma et al ., 1971 
1 1 " t1 " 1969 
5 0 - Dos Santos, 1970 
1 0 - McCroan & Patterson, 

1970 
1* 0 - Kenny, 1971 

I 
World 

74 19 Totals 

* = unconfirmed cases 
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and total size, locomotive form, pseudopodal type and even 

cyst morphology are known to vary considerably under differ­

ent environmental conditions". 

Traditionally, taxonomy of sarcodines has followed two 

distinct trends: 

morphological approach - emphasizes the pseudopodial 

structure and locomotive form 

cytological approach - places emphasis on the pattern of 

nuclear division, i.e. whether 

promitosis or mitosis. 

These early taxonomic schemes, prior to Singh (1952) suffered 

however from many controversies due to the many inherent 

technological limitations such as: 

a) the limited resolution of t1e light microscope, 

b) the source of staining. Prior to Ralfalko's 1947 use of 

the Feuglen reaction observers depended upon haemato:xylin 

and other non-sp ecific aniline dyes to examine dividing 

nuclei wtich led to the description of many spurious 

structures, 

c) preconceived ideas about what should be present, and 

d) the lack of strictly controlled culture conditions which 

may lead to the production of abnormal forms. 

Currently t bere are -chree different classification 

schemes for small, free-living amebae (Table II) all of which 

tend to overlap to some considerable extent and consequently 

produce some difficulty in the selection of a name. 

The scheme of Singh & Das (1970) is a purely cytological 

approach based on the type of nuclear division and the pre­

sence or absence of certain mitotic structures. 

Page (1967a) attempts to combine both the pseudopodal and 

cytological approaches. He assumes that a correlation exists 

between the manner of locomotion and the pattern of nuclear 

division. 

Chang's ( 1971) scheme can perhaps be considered as a 

izy"brid of the other two schemes, in that he follows Singh & 

Das's scheme for the family Schizopyrenidae, but adopts 

Page's family Hartmannellidae. 



Table II. Current Classification Schemes 

Singh & Das (1952, 1970) Pa.Ge ( 1967a) Chang (1970) 
1-- I 

F. Schizopyrenidae: resting nucleus F. Vahlkompfiidae: J\.mebae which are 
contains 1 or several F-ve nucleoli monopod.ial in locomo ti on, except 
which during mitosis form polar temporarily, moving in a markedly 
masses. Nuclear membrane persists eruptive manner, & with the prom-
throughout division. I.B. may be i totic type of nuclear division. 
present. Amebae may have more th G. Naegleri a : Promi tosis, tempor­
one nucleus, & some genera may pro- a ry bi f lagell a te; no cytostome . 
uuce a flagellate stage. 

Go Kaegleria: Polar masses formed. 
F-ve. I.B. temporary biflagella te7 
no cytostome. t. s. N. g:ruberi. 

F. Hartmarmellidae : .L!mebae which -----a'?eusually elongated in a ctive 
locomotion! with only 1 broad 
loboportium, excep t tempo r a rily; 

F. I.artmannellidae : Resting nucleus usuall;f 75 u in lPng th; vesi-
has either a single F·-ve nucleolus cul ::i,te nucleus, usually single7 
or several nucleoli. During mi to- nuclear divisi on in which the 
sis the nucleolus (i) disappears & nucleoJus & u s ually tbe nucl ear 
a spindle with chromosomes arrange membra.:10 di sintegrat e 7 no f l a-
as an equatorial plate develops o gell a t o stage, 
The nuclea r membrane di sappears G. Har~nannell a : Br oadly digiti -
during mitosis . Amebae may be uni-- - form or he::iispherica l lobose 
or mul tinucleate; no t~porary pseudopods . Normally uninucle-
flagellates. a te. Nucle-'.lr di vi sj_o n wi-C h dis-

G. Hartmannella: Resting nucleus I integr-'.lti on of nucleolus . Cyst· 
contains a single F-ve nucleolus. , mcy be present ·- is smoo th-wall-
During mitosis the nucleolus dis- ed & rounded. Locomotion not 
appears & a spindle with chromo- strongly eruptive . 
somes arranged as an equatorial t.s. H. hyalina. 
plate is formed. No temporary G. Acanth3inoebae : Br and anterior 
flagellates. t. s. H. gleba~. hya line l obopodi um from which 

are produced acanthapodia. Cyst: 
stell ate endocyst & wrinkled 
ectocyst . Norn.ally uninuclea te. 
Nuclear divi sion with disints­
~r~tibfl of nucl eo lus , 
t.s~ lo castell ani i -. 

'----·----- - - ------------------------4.- -- - -· ----- ··--··-·-- -----· - ·-·- - ·--- I 

F. Schizo_;::iyrenidae: :1ctive limmc 
fo rm com!ilon; transient fl accll ntes 
mny be p r esenti nucleolus ori [';in 
o f po l ~r masses; polar cap s & 
I .B. mcy be present. 

G. Nae1.; l eria: Double-walled cysts; 
trCUlsient fl ecella t es; po l .:lr ca~ s 

& I. B. in mitosis . 
t • s. N. c;r ub eri " 

F. Ha~tmannellidae: No transi ent 
fl a,celldes; motility slu:_:r;i Gh; 
no lim::i.x form ' nucl eo lus c~i s-. 
ap~l earing 1 p r obably f o rrninc; spin·­
dle in mitosis; no po l a r cap s o r 
masses 7 a ster & centrosome not 
knc wn. 

J. H-'.lrtmn.nnella: 'Sc t o;) l c.sm clenr 
0r less ;;ranulo.r tha.n endo:; l ::i.sm; 

s in.:; l e walled cyst; sin,·;le 
v acuo le. t. s. II. '-; l ebae. 

G. Acantharnoebae: Fil mn ento us 
p r ocess e s from ec t o- o r endo­
p lasm; ;:; row axenical ly i n f lui cl 
bacteri o l ~;c;ical mecli a. 
t.s. _A. rhyscde~. 

KEY: F = family, G = genus, I.B. = Interzonal Body , F- ve = Feulgen negative, ts = type species 

\J1 



From the three classification schemes, it is apparent 

that Naegleria can be differenti ated from Hartmannella/ 

Ac:inthamoeba in that Naegleria: 

6 

1) exhibits promitosis, i . e . ::uneboid movement nnd the 

nuclear membrane both persist until l ate telophase , 211d 

the nucleolus does not disappear but divides into two 

polar masses , and 

2) the possession of a non- dividing flagellate stage with 

no cytostome. 

Recently however , there has been a rr.ove towards the use 

of serological methods as .:i.n aid to the rapid identification 

of pathogens. Suffice it to say at this point tha t a more 

critical analysis of the topic will be found in the 

Discussion. 

1. 3 Epidemiology 

The free- living nmebae are ubiquitous in both soil and 

fresh- water environments throughout the world, depending 

largely on bacteria or other organisms as a source of 

nutrients. Growth is also influenced by such physical con­

ditions as moisture .:i.nd temperature (Fulton, 1970) . Although 

the origin of the ~athogcnic species rem".ins to be elucidated 

(Cart er, 1972) envirorunental isolates have been made from a 

wide variety of sources: sewage (Singh & Dls, 1972a; Chang , 

1974) , air (Kingston & Warhurst, 1969) , soil (Anderson & 

Jcmieson, 1972c), and hot-pools (Robinson, 1974). Selective 

proliferation of the pathoge~c species could occur by 

thermal pollution of surface- waters by industry, etc. (van 

den Driessche !;! ~., 1973). 

The disease, according to Chang (1974) can be divided 

into two separate clinical entities, a) a non- swimming · 

associated meningo- encephalitis , and b) a swimming associated 

meningo- encephalitis, both forms being characterized 

according to : 

a) the aetiological agents , both of which are soil­

amebae 

b) the portal of entry into the body 
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c) virulence 

d) pathology 

a) THE NON-SWIMM ING ASSOCIA"..'ED MENINGO-ENCEPHALITIS is 

caused by members of the Hartmannella/ Acanthamoeba gr oup , 

the portal of entry thought t o be th e bloodstream 

(Chang, 1974). According to Chnng, "the meagre number 

of cases and the lack of a definite mode of transmission 

make a.n.y epidemiological investigation difficult". 

The reported cases of the disease (Patras & Andujar, 

1966; Rorke & Robert, 1973; Jager & Stamm, 1972) all 

occurred i n defense-weakened patients and, because the 

single isol ati on attempt was unsuccessful , the "respon­

sible species" still remains an enigma. Chang (1 974) on 

the basis of a comparison between the cytopathogenicity 

and pathogenicity of l ab strains with the clinical and 

pathological features reported in the above three cases , 

considers the most probable species to be Acanthamoeba 

rhy sodes. He also suggests that the species Acanth­

amoeba castellanii, Hartmannella culbertsoni and Acanth­

amoeba palestinensis t o be synonyms of Acanthamo eba 

r.hysodes . However mo rphol ogical (Singh & Das, 1970), 

serological (Adam, 1964; Cerva & Kramar, 1973) and cult­

ural evidence (St evens & O'Dell, 197 3) suggest otherwise. 

b) THE SWIMMING- ASSOCIATED MENINGO-ENCEPHALITIS is caused 

by E· fowleri (Carter, 1970 ) and is without doubt the 

more important. Infection is thought t o occur in one of 

two ways: 

1) N~egleria-contaminated wat er may be introduced into 

the upper nasal passage, or 

2) the disease may be precipitated by washing trophp­

zoi tes residing in the lower nasal passage of a 

carrier into the upper nasal passage (Chang, 1974). 

In this context, it is interesting to note that a 

pathogenic Naegleria (strain 161A) has been iso­

lated from a normal healtby carrier (Chang, 1974; 

Lastovica, 1974) . 

As yet, no pathogenic hartmannellids have been iso-
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lated from swimming-associ ated cases, al though they are pre­

sent t ogether with E· fowleri, in the s~n e natural environment 

(Singh & Das , 1972a; Chang, 1974). Because of this relatively 

r are involvement as pathogens, Singh and Das have suggested 

that the spread of PAM by swimming in fresh- water is mainly 

due t o the entry of the fl agellate stage of E· fowleri into 

the nose and subsequent transformation into the trophozoite 

stage (Singh & Das, 1972a). Supporting evidence f or this 

comes from : 

1) the eas e of transformation of the flagell ate into the 

trophozoite stage at 37°c, 

2) the greater activity and rigidity of the fl agellate stage 

which allows fo r grea ter dispersal , 

3) the fact that am ebae ar e usually f ound on the bottom of a 

pool attach ed t o some semi - solid substrate, and 

4) the result that intra-nasal inocul at io n of the flagellate 

stage is mo re effective in causing PAM and subsequent 

death than intra-nasal inoculation with t he trophozo i te 

stage (Singh & Das, 1972a). 

1.4 Pa thogeni city 

In an experiment al study of the pathogenicity of Naegleria 

meningo-encephalitis in mice , Martinez et al. (1973) found 

that following inoculation of N. fowleri into mice, the 

amebae disrupt microvilli , s ensory cilia w1d kinocila of 

epithelial cells and invasion occurs primarily by direct pene­

tration of sustenacular cells, perhaps through phagocytosis 

of amebae by these cells (Fig. 1). Following this intracellu­

lar invasion, either the host-cell or the amebae are destroyed. 

It is thought that t he host-cell is destroyed by one of three 

mechanisms. Firstly by secretion of an enzyme or toxin which 

liquefies the surrounding tissue. Chang (1974 · & 1971) has 

shown t hat pathogenic Naegleri a liberate a cytolytic toxin in 

PMK cell culture, the cell-free filtrate of which, when again 

passCl€ed in PMK cell culture, produces CPE. This toxin/ 

extracellular enzyme is also thought responsible for the clear 

'halo', i.e. a clear space which surrounds the trophozoite 



- Olfactory bulb 
/'('. 
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Figure 1. Schematic diagram of olf'actory muceaa and adjacent structure . 

(From Martine~ et al. , 197j) 



10 

in ho s t-tis sue (Vivesvar a & Calloway , 1974; Mai tra et~., 1974). 

Secondly by ingestion of th e host cytopl asm and er osion of the 

host-cell , and thirdly by a combination of bo th these pro-

cesses. 

I f the sus t enta cul ar cell is destroyed, t.be amebae then 

progr ess im;ar d through the nasal epithel i al basement membrane 

of th e lamina propria. The final paths of invasion of the 

CNS appear to be vi a the rn esax.ons of the Schwann cells, which 

surrounQS the fili a ol factori a , and al ong per ineur al spaces of 

t 1,e ol facto ry nerves of the subr.mcosal plexus . 

In s imil ar s tudies on pathogenicity , it was demonstrated 

that the actual pr oduction of pseudopodia is used fo r in­

gestion of hos t-cytoplasm (Vi svesvara & Calloway , 1974 ; Mai tra 

~ al., 1974). It was further fo und t hat in both hos ts (i.e. 

mo use br2.i n and Vero cell s) that there was very close contact 

between the wneba plasma memb r ane and the cell membranes of 

host-tissue. F'rom t he cell memb r ane, the amebae formed many 

mi cropinocytotic vesicles used fo r the active transport of 

nutritive solutes f r om the br ain. 

As regar ds t t.e pathogenici ty of Hartmannella/ 11.canthamoeba 

f or humans and l ab animal s , i t is generally agr eed that 

irresp ective of their origin, they poss ess a r elativel y l ow 

degree of pathogeni city. However they can p r oduc e n.n in­

fecti on if t he resist ance of the host is l owered, and the dis­

ease is fatal if it i s manifested in the brain. Of the two 

commonly indicted pathogeni c species of Hart mannella/Acanth­

amo eba, ]• culbertsoni (strain A-1) produces an acute disease 

while!· r.hysodes (strain HN-3), is responsible for a chronic 

disease (Culbertson, 1971). Both have been shown to secrete 

a phospholipase enzyme into Vero cell filtrate, which, when 

this is passaged into new Vero cells, produces CPE (Visvesvara, 

1972; Elson~ !!:1.•, 1970). In the case of!· rhysodes, this 

extracellular enz.vme has been shown to be a lecithinase. 

Perhaps of significance is the finding of Mcintosh and Chang 

(1971) who found in a comparative study of two different 

strains of A. r!Jysodes, .!!• glebae, and!• castellanii, that 

all except H. glebae secreted a lipogenic toxin and contained 
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antigen(s) capable of sensitising erythrocytes. Of the four 

strains, only ]• glebae has been shown not t o be pathogenic. 

1 • 5 Di agno si s 

The Swimming Associated .Arnebic Meningo- encephali tis 

A Naegleria brain infecti on shoul d be suspected when 

t here is a history of swimming about 7 dD.ys prior t o the 

ab r upt onset of f ever, headache , sore-throat , nausea and vomit­

ing (Ca rter, 1972; Chang, 1974). Confirmation of the disease 

mcy be achieved by t he observat ion of trophozoi tes in the CSF. 

This is still the mos t r eliable din.gnostic procedure since 

the standard physical exam inations and even detailed neuro­

logical exwninations do not sufficiently differentiate the 

disease from a cute bacteri a l meningitis (Culbertson, 1971; 

Chang , 1974) . 

In post-morte~ di agnosis , a degree of ence~halitis is 

invari ably present . The b r ain shows swelling and r edness with 

th e purulent exudate mo re extensive on the basilar surface of 

the cerebrum or cereb ellum cuid over t he br ai n stem (Carter, 

197 2). T11e cerebral ond cerebell n.r grey subst ances show 

vari able sized lesions wbich tend to be h.J.emorrhagic and quite 

soft when they are large (Culbertson, 197 1). The existence of 

r edness and the destruction of tbe olfactory nerve occurs 

sol ely in wnebic meningo-enceph~l iti s and could serve to dist­

ingui sh it from b~cteri al meningi tis (Cart er, 197 2). 

Elsewhere in t he human body, there is generally no evi­

dence of amebic infection or chronic disease as can occur 

when bacteri a are involved. The pathological changes are 

restricted to pulmonary congestion and oedema, sl i ght 

bronchopneumoni a , n.cute splenitis and occasionally myocard­

itis. Carter (1972) t hinks that these changes a.re readily 

explicable as the non-specific effects of any severe cerebral 

infection and are not considered specific, with the possible 

exception of myocarditis. These restricted pathological 

changes in t he human body differ from those in the gui nea.­

pig, where sub-cutaneous, intraperitoneal, or intramuscular 

injections resulted in a systemic infection and eventually 
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death (Culbertson, 1971). 

The Non-swimming Associated limebic Meningo-encephali tis 

Hartmannella/Acc.nthwnoeb.:.. brain infections are difficult 

to diagnose even in advanced cases due to the lack of 

specific symptoms and signs , and the absence of amebae in the 

CSF (Chang, 1974). More informative findings may be revealed 

by the examination of throat and nasal swabs . 

Post-mortem di:ignosis relies on the presence of con­

fined, superficial lesions in the grey matter with a minimum 

inflammatory reaction, and the finding of double-walled 

wrinkled cysts in apparently normal tissue bordering the 

lesion (Chang, 1974). In all the three reported cases, there 

was lack of evidence of the olfactory bulb area being in­

volved and the absence of inflammatory reactions in the 

surrounding grey and white matter. 

As well as causing meningo-enceph alitis , Hartmannella/ 

11.canthcunoeba are thought responsible for acute respiratory 

tract infections, and there is a statistically significant 

correl a tion between the presence of amebae in the nose and a 

previous history of headaches, frequent colds and bleeding 

from the nose (Carter, 1972). There is also evidence of them 

causing pulmonary lesions in cattle (Culbertson, 1971), and 

multifocal necrohaemorrhagic foci in the heart, lungs, liver 

and pancreas of a dog (11.yers, Billips , & Garner, 1972). 

1.6 Treatment 

The r esults of treatment of the early cases where the 

amebic nature of the disease was not suspected using such 

traditional nntibioti cs as sulpha-drugs, penicillin, strepto­

mycin, tetracyclines, and chloramphenicol, were, as could be 

expected, negative, due to the selective mode of action of 

these drugs for prokaryotic cells. Even in later cases where 

the antiprotozoal drugs emetine, chloroquine, and metro-

ni dazole were used, the course of the disease was not affected 

in the slightest (Carter, 1972) • .±!: ~ studies have since 

shown that none of the bacterial antibiotics traditionally 

used are effective against pathogenic Naegleria species 
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(Carter, 1969) and that emetine, though highly effective in 

~' does not protect animals from the disease, probably 

because it is unable to pass the blood-brain barrier and thus 

to the source of the infection. 

To date, only tbe drugs, .llrnphotericin B and Clotrimaz~le 

(and possibly 5-Fluorocytosine) appear pr omising for use as 

chemotherap8utics (Carter, 1972; Cotter, 1973; Stevens & 

O'Dell, 1973b; Anderson & Jamieson, 1974). Tbe mode of action 

of J\mphotericin B depends on binding t o the membrane sterols 

and is tbe only drug so f .'.lr which has been successful in 

treatment of the disease (Carter, 1972). However, its clini­

cal usefulness is lessened by the fact its mode of action is 

directed against eukaryotic cells, and, it is therefore very 

t oxic t o any eukaryotic cells at the high doses wliich are some­

times required in order t o achieve recovery. Clinical trials 

on Clotrimazole have so far been only in vitro, although the 

required concentrations appear to be well witrrin therapeutic 

limits (Anderson & Jamieson, 1974). The effect of inoculum 

size and activity of the two drugs is shown below. 

Table III. Comp~rison of Arnphotericin B and 

Clotrimazole in vitro ( Adapted from 

Anderson and Jamieson, 1974) 

I 

Inoculum size Minimum inhibitory 
Drug amebae I cm3 concentration (MIC) 

pg / cm3 

Clotrimazole 7. 3 x 102 0.15 
2 x 104-105 0.125-0.25 

1. 1 x 10 0.06 
.Amphotericin B 1 • 1 x 102 0.125 

1 • 1 x 1o4 0.25 

Amphotericin B has been shown to have little effect on 

hartmannellids (MIC 767 )lg/cm3). This is thought due to 

possible differences in the composition of the cell membrane 

and the drugs of choice so far for hartmannellid infection 

are sulphadiazine and 5-Fluorocytosine. Sulphadiazine has 
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been shown to be prophylactic in mice at concentrations 

ranging between 0 . 2 - 0 . 8% of the body wei ght (Culbertson~ 

~, 1965) , while 5- Fluorocytosine has been shown to be 

prophylactic a t 0. 15 mg/ g body weight (Stevens & O' Dell, 

1973b) . The possible use of 5- Fluorocytosine as a chemo­

therapeutic for Naegleria infections and the use of 

clotrimazole for hartmannellid infection, s till remains to be 

investigated. 

It has been sugges ted that for future treatment of 

Naegleria infections, a synergistic mixture of ilmphotericin 

B and 5-Fluorocytosine be administered (Cot ter, 1973). This 

would al so have the added advantage that should the suspected 

infection prove to be hartmannellid meningo- encephalitis, 

proper chemotherapy has already begun. However, in any 

"suspected amebic meningo-encephali tis", it is strongly re­

commended that a combination of both anti-Naegleria and anti­

hartmannellid drugs be a~~inistered as soon as possible. 
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2. Control Measures 

The best prevention of PAM is obviously the abstinence of 

swimming in lakes, rivers, or swimming- pools where it is thought 

that the pathogenic amebae are present (Culbertson, 1971). Cerva 

( 1971) states "the constant presence of nwnerous populations of 

the limax group cannot be prevented even under the strictest 

observations of all routine safety measures applied to water 

systems of swimming-pools. Thus, nowadays systems of bacterio­

logical and chemical inspection of water in swimming-pools , 

appears to be ineffective". Support of this statement comes from 

the fact that tlese amebae are not affected by nonnally used doses 

of chlorine (Cerva, 1971 i i\.nderson & Jamieson, 1972b; Brown, 1974) 

which still remains the most common disinfectant of water (Morris, 

1966). Docwnentary evidence exists showing that 16 cases of the 

disease were contracted after swimming in an indoor, chlorinated 

swimming-pool (Cerva, 1971), swimming in a backyard pool filled 

from the mains supply, and playing ' submarines' in bath-water 

(Anderson & Jrunieson, 1972b). 

So f ar, both 0 .7 <J% salination (Anderson & Jamieson, 1972b) 

and the basic dyes brilliant- and malachite green (Cerva, 1973) 

have been shown t o be 3111 ebicidal, but their potential use as ' dis­

infectants' in field conditions remains t o be fully elucidated. 
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3. Aims o f the Investigati on 

1. To critically review the current classification of these 'soil-­

wnebae ' in o r de r to de termine reli ~ble commo n features in 

the cl assi f i cati on schemes. 

2. To examine existing and po tenti a l i dentifica ti on methods in 

the hop e of provi ding a wide r ange of prC1cticable methods for 

distingui shing b etween pathogenic nnd non-pathogenic 

species of Naegl eri a . 

3. To examine the ability of ttese run eba e t o adapt t o a range 

of environment a l temper a tures. 

4. To reasses s the controversial identification of the 

ae tiological agent of 1968 N.Z. cases of PAM as Myxomycetes . 

5. To examine tlie potential use of basic dyes and sodium 

chlori de as possible alternative disinfectants t o c1 2• 



CHAPTER TWO: MATERIALS 

1. Ameba Cultures Used 

Table IV. l\meba Cultures Used 

Isol ate Origin 

Ng-27 lmstrctlia 

Ng-1518 U.K . 

HB-1 U.S. A. 

Nill N.Z. 

PA14 Australia 

NTH Austral ia 

BL N. Z. 

BH N.Z. 

PL200f N.Z. 

B. culbertsoni (A-1) U.S. il.. 

A. castellani (Neff) U.S. A. 

Indicted Source Pathogenici ty 

mu 
NHI 

+ CCAP 

+ NHI 

+ NHI 

+ NHI 

+ Waikato Bospi tal 

+ Waikato Hospital 

+ NHI 

+ CCAP 

HNI 

NBI 

CCAP 
= National Health Institute, Wellington, N.Z. 

= Culture Centre of Algae and Protozoa, Cambridge, U.K. 
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3 

4 

5 

Note : The hartmiJ.l1Ilellid strains /.J.-1 and Neff .1ere included in the 

present study for comparative and control reasons. 
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Plate 1. Tr ophozoite stage of N. grube r i , Ng- 27 x 500 

Plate 2 . Cyst stage of N. gruberi , Ng- 27 x 700 . 

Arrows indicate pores in the cysts . 
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Plate 3. Trophozoite stage of N. fowleri , NHI x 500 
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Pl ate 4 . Tr ophozoite stage of BL x 600 

Plate 5 . Trophozoite stage of BH x 600 



2. Plate Media 

NM agar (Fulton, C. 1970) 

Difeo Bacto-peptone = 2. 

K2HP04 = 1. 5 g 

dextr ose = 2 g 

KH2P04 = 1 g 

Davis agar = 20 Distilled w1ter = 1 1 

Autoclave at 15 psi (121°c) for 15 mins. 

PM agar 

ll.s for NM :i.gar except that 4 g of peptone is used. 

BST agar (Chang , S.L. 1958) 

Sucrose = 10 g 

tryptose = 2g 

P04 buffered water pH 7.4 - 7.5 = 1 1 

Davis agar = 20 g 

Autoclave at 15 psi (121° c) f or 15 mins. 

GSN agar (Griffin, ,T. 1972) 

Stock = 10 g CaCl2 , 6 g KCl, 3 MgS04 . 7H20, 15 g NaCl 

4 g an.byd. CaHP04 

Distilled water t o 1 1 

fl.gar , 5 g BBL Trypticase, 5 g Difeo yeast extract 

1 1 stock 

Autoclave a t 15 psi (121° c) for 15 mins. 

Ameba-S:.iline (1lS) agar (Page , 1967a) 

NaCl= 0 . 12 g MgS04.7H20 = 0 . 004 g 

N~IIP040 = O. 142 g KH2P04 = O. 136 g 

ilgar = 20 g 

Distilled water = 1 1 

Autoclave at 15 psi (121° C) for 15 mins 

NS Ouchterlon.y - plates 

Noble agar = 15 g 

NaCl = 85 g 

Trypan Blue ( 10 cm3 of a 1% W/v aq. sol n) 

Distilled water = 1 1 

Autoclave at 10 psi for 10 mine. 
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Borate-Saline (BS) Ouchterlony plates 

Borate - Buffer (pH 8 . 4 - 8 .5) 

Boric acid= 6.184 g 

Bo r ax (Na2B407.10H20 ) 

Na Cl = 4. 384 g 

Bor ate-Saline soln 

5 part s buff er with 95 parts saline 

(saline = 8 .5 g NaCl/l) 

For pl ates - 10 g Nobl e Agar 

Distilled wat er t o 1 1 

980 cm3 Bor ate-saline soln 

10 cm3 of a 1% soln of Methi ol ate in saline 

Trypil!l Blue, 10% of a 1% ci.q . soln. 
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3. Axeni c Medi a 

Page's .Ameba Sa line (PAS) (Page, 1967a) 

NaCl = O. 12 g 

CaC1 2.2H20 = 0,004 g 

KH2P04 = 0 . 136 g 

pH 6.8 ... 7.0 

MgS04.7H20 = 0.004 g 

Na2HP04 = 0.142 g 

Distilled water = 1 1 

Aut ocl ave 15 psi (121°c) for 15 mins. 

Alsevers solution 

Dextrose = 20.5 g Na citrate. 2H20 = 8 g 

NaCl = 4 .20 g Citric acid = 0 . 55 g 

Distilled water = 1 1 

Autoclave 10 psi for 15 mins . 

Serum (calf, f oet al calf, pig, horse) 

Allow blood to clot at 37°c for 4 hrs. 

Place at 5°c overni ght for clot contraction. 
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Pour off serum from clot and spin down at 3000 rpm for 10 mins 

at 5°c. 

Filter progressively through 5 ;mi, O. 5 pm & O. 22 ym filters. 

Filter through a sterile o . 22;un filter. 

RBC Lysate (sheep or bovine blood) 

Make up a O. 3% (UJ/v) blood/Al severs sol n. 

Add blood/Alsevers soln to twice its vol. of distilled water. 

Centrifuge at 36 , 000 g for 30 mins. 

Filter through a 5.0 um , . 45JID1 & 0 . 22jlffi filter. 

Filter tr.rough a sterile O. 22 .Jlll1 filter. 

Bacterial Replacement of Serum (Stevens & O'Dell, 1973c) 

Grow up an overnight culture of Escherichia~ or 

Enterobacter cloacae in BHI at 37°c on a reciprocal shaker. 

Harvest cells 151 000 g for 10 mins , wash once in distilled water. 

Resuspend cells in PAS to make a wet weight of 0 . 13% (wt/ vol ) . 

Autoclave at 15 psi for 10 mins . 



CYM Medium (Stevens & O'Dell, 1973c) 

Thi amine hydrochloride = 0 . 001 g 

Vit . B12 = 0.000001 g 

Difeo yeast extract = 5 g 

1 1 of PAS 

d-Bi otin = .002 g 

Difeo casitone = 10 g 

Glucose = 10 g 

Methionine = 0.0895 g 

pH 6 . 8 - 7.0. Autoclave a.t 15 psi (121° c) fo r 15 mins . 

To this i s added asceptically 1 cm3 of the following 

sterile cocktai l A medium t o 9.0 cm3 of CYM media 

40 cm3 sterile serum (pig, horse, calf) 

20 cm3 sterile RBC lysa te 

6 cm3 of a sterile 2,500 ug/cm3 Panmycin soln 

34 cm3 sterile di stilled water. 

TYG Medium (Stevens & O'Dell, 197 3c) 

BBL Trypticase = 5 g Difeo yeast extract = 5 g 

Glucose = 10 g 

d-biotin = 0 .2 mg 

PAS = 1 1 

Thi amine .hydr o chloride = 1.0 mg 

Vit. B12 = 1.0 ug 

pH 6 . 8 - 7.0 

Autocl av e at 15 p si f or 15 mins. 

To this i s added asceptically 0 . 1 cm3 of t he bacterial lysate 

(or 1 cm3 of serum) /8 . 0 cm3 of TYG medi a containing 1.0 cm3 

of antibiotic (150 ug/cm3 of Panmycin or 

u.nd 1000 units of Streptomycin ). 

MYAS Medium (De Jonckheere ,~ !::!,•, 1974 ) 

2000 ug Penicillin 

Difeo mnl t extract = 0 . 1 g 

PAS = 1 1 

Difeo yeast extract = 0.1 g 

pH 6.8 - 7.0 

Autoclave at 121°c for 15 mins . 

To this is added asceptically 1.0 crn3 of serum to 8 cm3 MYAS 

media containing 1 cm3 of antibiotic. 

Fultons Medium A (Fulton, C., 1970) 

HL-5 = Distilled water 650 cm3 Difeo protease-peptone = 10 g 

Difeo yeast extract = 5 g Autoclave at 15 psi for 15 min. 

Dissolve; distribute in 65 cm3 bottles and when cool add 

asceptically: 2 cm3 sterile Po4 ; 2 cm3 sterile DEX. 

f24 - KH2P04 = 3. 4 g 100 cm3 Distilled water 

Na2HP04 . 7H20 = 6 . 7 g Autoclave at 15 psi for 15 mins 

DEX - Distilled water = 50 cm3, Dextrose = 13. 5 g 

Autoclave at 10 psi for 20 mins . 



Mix o.sceptico.lly f!l/o (V /v) HL5 foetal calf serum 1 cm3 

.• 5cm3 penicillin (2000 units/cm3, .5 cm3 streptomycin (1000 

uni ts/cm3. 

Peptone-Neff medium (Stevens & O'Dell, 1973a) 

Difeo proteose-peptone = 40 g Difeo yeast extract = 7.5 g 
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Glucose= 15 g Vit. B1 hydrochloride= 1.0 mg 

Biotin= 0.2 mg Vit. B12 = 1.0 ug 

+ 1 1 of the following Ac ion soln 

Ac ion soln: 

MgS04 (M.W. 246.50) = 0.2465 g 

CaCl2 (M.W. 219.08) = 0.01095 g 

KH2P04 (M.W. 136.09) = 0.27218 g 

Ferric citra te (M.W. 335.02) = 0 .0335 g 

Autoclave at 15psi (121°c) for 10mins. 

To 9.0 cm3 of peptone-Neff rr. edia is added a.sceptically 1.0 cm3 

of antibiotic. 

?% Casi tone sol n 

Difeo Bacto-Casitone = 20 g PAS = 1 1 

Autoclave at 15 psi for 15 mins. 

CPN Medium 

2fo Casi tone soln = 500 cm3 peptone-Neff = 500 cm3 

Autoclave at 15 psi for 15 mins. 
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4 . Cell Culture Medic.. 

4 .1 Vero Cell Culture 

4 .2 

.1_.4% Bicarbonate solution 

NaHC03 = 22 g 12. 5 of a 0 . 4% (W/v) Phenol red sol n 

Distilled water up to 500 cm3 

Autoclave a t 15 psi (121°C) for 15 mins . 

10 x Trypsin/versene Mixture 

NaCl = 80 g KCl = 4 .0 g 

2. 0 cm3 of a 1% phenol red sol n 

Versene = 2. 0 cm3 

Glucose = 10.0 g 

Trypsin = 5. 0 g 

Distilled water up to 1 1 

Filter sterilize through an O. 22 ;un filter. 

Antibi o.ti cs 

106 units of Streptomycin _? 
106 uni ts of Penicillin \ 

20 cm3 of sterile Distilled 

water 

Ea;gles Gro.wth Medium (EGM) (Eagle, 1955) 

Er.igles = 380 crn3 20 cm3 4 .4% Bicarbonate 

1 cm3 of antibiotic 40 cm3 ( 10%) serum (calf or pig) 

The Eagles is filt er s terilized through an 0.22p filter 

and bo ttled in 380 cm3 amounts with the other in­

g r edients being r,,sceptically added when required. The 

medium is then gassed with C02 till orange. 

Eagl es Maintenance Medi um (EJ1.Il1) 

As above but with only 1% serum added. 

Eagles Washing Medium (EWM) 
As for g r owth medium but no added serum • 

... c_hi_. _ck_filn-.• _b_r;.ai:y...;o_,.;,;K.-i-.dn._....ey.__C.-.e.-1 ... 1.....,C-.ul;;;;...t..;.;ur--.e (Green, 197 4) 

P04-Buffered saline PBS (pH 7.5) 

Soln A 

NaCl = 8 g KCl = 0 .2 g N8QHP04.12H20 = 2.9 g 

KH2P04 = 0.2 g Distilled water = 800 cm3 

Soln B 

CaCl2.6H20 = 0.19 g 

Soln C 

Distilled water = 100 c:rn3 

.MgCl2.6H2o = 0.1 g Distilled water = 100 cm3 

1 1 of PBS = 800 cm3 soln A, 100 cm3 soln B, 100 cm3 soln c. 



Trypsin Soln (0.1) % 

Trypsin = 1 gm PBS = 1 1 

Filter sterilize through O. 22 p fil te1·. 

Earles Wo rking soln (LaE) 

Earles stock soln = 500 cm3 Earle, 1943 

Distilled water= 4 ,500 cm3 
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To 500 cm3 of the working soln is added 25 g of lact­

ulbumin bydrolysate, the remaini ng 4 1 being dispensed 

in 360 cm3 amounts. All medium is autocl aved at 15 psi 

for 15 mins. When cool 40 cm3 of the l act albumin 

hydrolysate soln is added t o each 360 cm3 amount of 

Earles wo rking soln. Final soln called LaE. 

Earles Maintenance Medium EaM 

Steril e LaE = 400 cm3 4 .4% bicarb . soln 20 cm3 

Foetal cal f serum = 10 cm3 

cm3 of penici llin + st r ep t omycin to give a final cone. 

of 100 units/ cm3 of each. 

Earles I3ased Diluent (SD) 

LaE = 400 cm3 Foetal calf serum 10 cm3 

Antibiotic (P/S) = 1 cm3 

Earles Based Washing sot: 

LaE = 400 cm3 Anti biotics (P/S) = 1 cm3 

Hanks Wo r king soln LaH (Hanks, ·1948 ) 

Soln A = 250 cm3 Soln B = 250 cm3 

Distilled wat er= 4,500 cm3 

To 500 cm3 of the working soln is added 25 g of l act­

albumin hydrolysate, the remainder being dispensed in 

360 cm3 aliquots. Auto clave at 15 psi for 15 mins and 

add 40 cm3 of the lactalbumin .bydrolysate soln to each 

360 cm3 aliquot. 

1.4% Bicarbonate Buffer 

NaHC03 = 7 g 

Distilled water = 500 cm3 

Tryptose Phosphate Broth 

0. 4% phenol red soln = 12.5 cm3 

Autoclave at 15 psi for 15 mins. 

Tryptose = 20 g 

Na2HP04 = 2. 5 g 

Glucose = 2 g NaCl = 5 g 

Distilled water = 1 1 

Autoclave at 15 psi for 15 mins. 
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Ha.nks' Gr owth Medi um (HTC) 

Lcll = 400 cm3 1. 4% Bicarb. = 20 cm3 c.::.lf serum = 50 c.m3 

Tryptose phospho..te broth = 50 cm3 

iintibiotics (P/S) = 1 cm3 

All sterile components are nddeQ asceptical.ly . 

5. Miscellaneous Sclutions 

0 . 25% Formal Saline 

Formalin = 0 . 25 cm3 

Physiological Ge.line = 99 . 75 cm3 

Phosphate Buffer etl S~line (PBS) 

NaCl = 8. 5 g 

NaR2P04 . 2H20 = 0 . 156 g 

pH 7. 6 

Mounting Fluid 

Na.HC03 = 0 . 0715 g 

Di.stilletl \mter = 10 c.m3 

Na2HPo1 = 1. 28 g 

Distilled Hater to 1 1 

N°'2C03 = O. O 16 {!, 

Glycerol to 100 c.m3 



CHAPTER THREE: MErilODS 

1. Sterilization 

All glassware , except that used for nnalytical work, was 

sterilized at 121°C at 15 psi for 15 mins . 

Analytical glassware was sterilized by dry-heat for a 

minimum of 160° C for 2 hrs . 
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2 . Culture Techniques 

2. 1 Cloning. All cultures wer e cloned 3 times by the plaque 

method. 

1) The inoculum was diluted out t o the required cell­

conc. using sterile distilled water or PAS. 

2) 0. 5 cm3 of the diluted inoculum was then pipetted onto 

NM near. 
3) 3 drops of an overni&;ht broth of Escherichia .S£.!i or 

Enterobacter cloacae were then added. 

4) The mixture was then spread over the plate using a 

flame-sterilized glass spreader. 

5) The plates were then incub~ted at the required temper­

ature in a moistened incubator. 

Note: Before use the agar plates were dried at 37°c over­

night to remove excess moisture. They were then 

stored nt 5°c, sealed in pl astic bags till required. 

2. 2 Ax.oni zi nt; 

1) Cloned amebae were grown up on AS at;ar using E. coli 

J.s the l awn . 

2) The 81Tlebic-lawn was then washed off with PAS. 
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3) The omebic- suspension was then added into TYG medium 

(if Nncgleria) or into CPN medium (if Hartmannella/ 

Acanthrunoeba) and incubated at the required temperature 

for 24 hrs. 

4) The culture was then subbed into fresh media and if 

possible the bacterial l ysate was replaced by serum. 

2. 3 Flagellation 

1) Either by the hanging- drop method using PAS at 37°c 

OR 

2) Platea were flooded with PAS and then incubated for 

2-4 hrs. at 37°C. 



3. Serology 

3.1 Prepar ation of AntiGens 

1) Axenic cultures were spun down a t 2GOO r pm fo r 10 mins. 

2) The runebi c-pellet i;as then washed twice in PAS t o re­

move n.ny possible antig ens t o the media. 

3) The washed amebae were then resuspended in PAS t o give 

un appr oximate concentr a tion of 106 cells/cm3 and in­

jected accor dine t o the f ollowin5 schedule. 

Immunization schedule (Table V) 

1) Rabbits were blbd 1 week before the st art of i mmunizati on 

t o obtain pr e-immune serum. 

2) 0 . 5 cm3 of a 50 : 50 anti~en-complete Freunds adjuvant 

mixture was then injected intramu::rnularly into each hind 

leg , 7 duys after the initial bleeding. 

3) One week l ater 1. 0 cm3 of a 1: 1 antigen- complete 

Fr eunds adjuvant mixture was injected intravenously into 

the ri ght ear . 

4) The r abbi ts Nere then bled 30 dcys after the initial 

bleeding, and on the 33rd day , ano ther 1. 0 cm3 of 

antigen was administered intravenously . 

5) The r abb i ts were then bled :i.t weekly intervals and were 

given a 1. 0 cm3 booster of antigen every 6 weekso 

Table V. I mmunization Schedule 

Day Procedure 

1 Bleed for pr eimmune sera. Then inject 0. 5 cm3 of a 
1:1 antigen - Freunds Compl ete Adjuvant (Difeo) I . M. 
into each hind leg. 

8 O. 5 cm3 of antigen into each hind leg I .M. 

15 1. 0 cm3 of a 1: 1 antigen - Freunds Complete Adjuvant 
I.V. in the ear. 

30 Bleed. 

33 1. 0 cm3 of antigen I.V. in the ear. 

40 Bleed and then bleed weekly. 

Every 6 weeks give 1. 0 cm3 of antigen I. V . as a 
booster. 

I . M. = intrllffiuscular ly; I.V. = intravenously 



3. 2 Preparation of Antisera 

1) Approximately 1 universal of blood was collected by 

exs.'.lJ10'Uination vi.:i.. t11e mar gin.::i.l vein. 

2) The blood wa.s c.llowcd to clot o.t 37°c for 4 hrs. and 

then placed at 5°c overnight f or clot contraction. 

3) The serum wa.s then poured off a.nd spun down at 3000 

rpm for 10 mins . a.t 5°c Md tl1en stored at - 20°c. 

3. 3 4gglutination (Anderson & Jamieson, 1972a) 

1) .Antigens were p repared as outlined fo r immunization, 

but resuspended in 0. 25% formal - saline. 

2) The antiserum and controls were then diluted in 1:2 

aliquots with physiological s aline. 

3) Next, the same volume of wnebic suspensi on, i.e. 

antigen, wa.s added to each dilution of antiserum 

4) After mixing, the treys were incubated at 30°c for 30 

min. a.nd then examined under a stereomicroscope (50% 
agglutination was shown by clumps of 10 or more amebae) . 

CONTROLS: 1) p r ei mmune - serum 

2) r~edia 

3) Hartmn.nnella. culbertsoni and Aca.nthamoeba 

ca.stellanii. 

3.4 Indirect Fluorescent Antibod,y 

1) Antigens were prepn.red as for immunization. 

2) One drop of washed amebae was then placed on acid­

washed slides a.nd air- dried. 

3) The smears were then fixed in cold acetone for 10 mins . 

4) PBS (pH 7. 6) diluted antiserum was then pipetted onto 

the smear and the slides were then placed in a humidi izy' 

chamber at 37°c for 30 mine. 

5) The antisera wa.s then washed off with pH 7 . 6 PBS and 

the washing was continued. for 30 mins . with slight 

agitation. 

6) Commercial fluorescent anti-rab~it serum (Wellcome) 

was then added and the slides incubated in humidity 

chambers for another 30 mine. 
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7) The slides were then washed with two changes of pH 7 .6 

PBS for 45 mins. t hen mounted in pH 8-9 mounting fluid 

and then observed under da.rkfield illumination using n.n 

Olympic (FLM) Fluorescent microscope. 

CONTROLS: 1) preimmune serum 

2) media 

3. 5 Gel- Diffusion (Ouchterlony) 

1) Antigens were prepared as for immunization except that 

they were concentrated in a minimum amount of distilled \-Jater. 

2) The antigens were then freeze-thawed twice and then 

lysed again at 12 tons/sq. inch in a chilled French­

Press (this was founu to be preferable t o sonication) . 

3) The lysate was then centrifuged at 10, 000 rpm for 10 mins. 

at 5°c and the supernatant poured off and frozen at - 20°c 
till required. 

4) Before use , 0. 25% of a 10% Sodium Ibdecyl Sulphate 

solution ( SDS) was adci.ed to the antigen and the mixture 

incubated at 37°c for 30 mins. 

5) Samples were then -ulded t o precut 5 mm wells of NS 38ar 

plates and then pla.ced in a 37°c humidified chamber and 

observed over a period of 3-5 dc..ys for the development 

of precipitin lines. 

CONTROLS: 1) media 

2) SDS 

Note: It i s of the utmost importance to use properly washed 

antigens when making antiserum, to ensure that no cross­

reacting antibodies t o the medium occur, as did happen 

with the gel- precipitin plates . Care must also be 

taken to exclude cysts which give a non- specific 

reaction. This ma,y be due to the fact that , for the 

case of ] • culbertsoni anywa,y , cyst antigens differ 

from trophozoite antigens (Raizada, Saxene, Murti , 

1972) . 



4. Mouse Pathogenici ty 

Young Swiss-White mice (weighing 10-16 g) were n.naesthe­

tized by injecting intraperitoneally 0.15 cm3 of a 0 .1% (V/v) 

Nembutal solution 7 using physiological saline as the diluent 7 

into them. 

Next 3-4 drops (0.03-0.05 cm3) 7 of the wnebic suspension 

were ino culated intranasally into the mice . The mice were then 

observed over a period of 14 days f or subsequent deaths. 
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for 30 mins. at 37°c . 

3) The cells were tf,en centrifuged at 80 g for 5 mins. in 

grnduated conical gl ass centrifuge ·mbes and resus­

pended in 10. 0 cm3 of HTC gr owth medium. 

4) The cells were next recentrifuged at 80 g for 5 mins ., 

the supernatant rEmoved and the packed cell volume (PCV) 

read off ~ The cells were then resuspended in 500X' s 

their volume of fresh HTC. 

5) The cell- suspension was then dispersed in the following 

aliquots: 

10. 0 cm3 tubes = O. 7 cm3 petri dishes = 5. 0 cm3 

250 cm3 bottles = 15. 0 cm3 

6) Tubes were placed in a r oller drum and left stationary 

for 24- 48 hrs, then r olled. The monolayers were formed 

about 2 days after seeding and a t this stage , Hrc gr owth 

medium was r epl aced by EaM using the following volumes: 

tubes = 1. 5 cm3 petri dis.bes = 5. 0 cm3 

250 cm3 bottles = 20.0 cm3 
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6. Disinfection 

6 .1 Disinfection Tests - salt, brilliant greeu, mal achite green 

3 day ol d axenic cultures wer e asceptical ly inocul ated 

into axenic GYM cont aining the disinfectant and incubated f or 

3 days. 3 different samples were then counted on a modified 

Fuchs-Rosenthal counting chamber for the t ot al count. A 

f ourth sample was then pl aqued out on NM agar for a vi able 

count. 

6.2 Effect of Different Cell Numbers on the Chlorinati on Level 

1) 3 day old axenic cultures were centrifuged down at 2000 

rpm f or 10 mins . and washed 3 X's with Cl- f ree pH 7.5 

buffered gl ass distilled water (BGDW). 

2) The trophozoites were then resuspended in pH 7.5 BGDW 

t o give a final concentration of 2.0 x 105 cells/cm3. 

3) Fl asks were t hen inocul ated with the required cell 

concentration and incubated f or t he required interval of 

time befor e being assayed fo r the Tot al Avail able 

Chlorine content, and tested fo r viability by being 

pl aqued out on NM a.gar. 

6 .3 Eff ect of a Maintained Chlorination Level on a Known 

Concentration of Amebae 

Cells were washed as above and t hen at the required 

time, were analysed for free avail able chlorine (FAC), com­

bined available chlorine (CAL) and t otal available cblorine 

(TAC), a s well as having additional chlorine added to the 

flasks. 

6.4 Analysis of Chlorine 

Chlorine was analysed by ,the DPD method of Palin (1957). 

The only alterations were that instead of using 1.5 g of 

p-amino-N:N-diethylaniline sulphate, 3.0 g was used, and in­

stead of using 8.0 cm3 of 1+3 H2so4 , 8.o cm3 of 2+3 H2S04 

was used. 

The amebae were removed from the fluid by filtering 

through a 5.0.Jlffi millipore filter. 
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1 . Stffi.ning 

7 . 1 The Feulgen Reaction (Page, F . C., 1967a) 

7 . 2 Iron- Haemot o.xylin (Singh, B.N. , 1952) 

7. 3 Tri chome (Adam , Paul & Zaman, 197 1) 



39 

CHAPTER FOUR: RESULTS 

1. Classifica tion o..nd I dentification of Naegleria :ind Hartmannella/ 

Acanthamoeba Isol ates 

1.1 Nuclear Division 

Nuclear division of the isol ates was studied by both the 

Feulgen rea ction (Page, 1967a) and iron- haemat o:xylin staining 

(Singh, 1952) . Some difficulty was experi enced in getting the 

am ebae in the ri ght stnges of promi t o sis so that t.be polar 

masses and interzonal bodies could be observed. The best 

preparations were those stained by the iron- haemato:xylin meth­

od, since the Feulgen- negative pol ar masses and interzonal 

bodies were very ha.rd t o differentiate when stained by the 

Feulgen reaction. 

Table VI . Comparison of Nucl e~r Division 

Poss ession Type of Division Pol a r 
of a in the masses + Isol ate fl agella te mitosis fl agellate interzonal Illustra tion 

stage ex.bibited stage bodies I 
I 

' 

Ug-27 + Promi t osis 
l 

- + ! 

Ng-1518 + " - + 

BH + " - + ; 

BL + " - + i 
I Fig . 2- 14 

HB-1 + " - + i 

NTH + " - + 

NHI + " - + 

PA14 + " - + 

A- 1 Normal ND - mi t osis -
Fig. 15-27 

Neff - " ND -
ND = Not Done 



Promi t o sis : "amo eboi cl movement and the nuclear membrane p er sist 

until l ate telophase, and the nucleolus does not 

disnp:)ear but divides into two pol ar masses ." 

Table VI shows that all Naec;leri n isol a tes and str nins BH 

and BL possessed interzon~l bodies, a nondivi dirl>0 flel(_;ellate stQ8e 

o.nd exhibited p r omi t osis. Conversely , Hartmannella/Acanthamoeba 

isol :::i.tes underwent normal mitosis with the p r oduction of an 

equatorial pl a te, .'Jlld di d no t possess a flagellate stnge . 



Figures 2 - 14: Promitosis of Naegleria (from Singh & Das, 1970) 

Prophase 

The amebae do not r ound off during division. Nuclear 

division begins with swelling of the nucleus and 

elonsation of the nucleolus. The chromatin gr anules 

lying beside the nucleolus begin to fuse and the 

nucleolus assumes a dumbell shape and divides into 

two halves, the polar masses (Fig. 3) . 

Metaphase 

Following fonnation of the polar masses , a solid 

mass of chromatic material , without distinguishable 

chr omosomes, occupies the position of the equatorial 

plate (Fig . 4) . 

Anaphase 

The band of chromatic materi al divides into two and 

each half moves towards its pole (Fig . 6) . When 

the chromatic material has reached its pole, the 

Feulgen negative, granular interzonal body can be 

seen lying half-wa,y between the polar masses (Figs . 

7 & 8) . The interzonal body then increases in size 

and divides in two. The nuclear membrane persists 

during division becoming elongated and ultimately 

constricts t o give rise t o two daughter nuclei (Fig . 

9) . 
Telophase 

After the nucleus has divided in two , the ameba 

elongates and constricts t o form two daughter indi­

viduals. During this process the thread-like 

structure joining the two interzonal bodies is rup­

tured, and each interzonal body fuses with its polar 

mass fanning the nucleolus (Figs. 10 - 13) . In a 

few amebae two nuclei divide at the same time (Fig. 

14) . 
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Figures 15 - 27 : Mitosis of Ha.riinannella (from Singh & Das, 1970) 
Prophase 

The nucleolus fragments f orming chromatin gran­

ules which fuse, and the nucleolus gradually dis­

app ears (Fig . 16) . 

Metaphase 

The fused chromatin granules form a solid band at 

the equatorial plate (Fig . 17) and then divide 

into two (Fig . 18). 

Anaphase 

The nuclear membrane disappears and the gl obular 

spindle gradually elongates (Figs. 19 & 20) . When 

the chromosome masses reach the poles ttey are 

connected by a t hread-like structure constricted 

in the middle (Figs. 21 & 22). 
Telophase 

The elongated ameba constricts g1v1ng rise t o two 

daughter cells (Figs. 23 - 26). Nuclear membranes 

appear around each chromatin mass (Figs . 23 & 24) ; 

t.tese masses fragment into granules, and a 

nucleolus is gradually formed. 
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1.2 Pl aque Mo rphol ogy 

Pl aques were produced on bacteri al lawns, as outlined 

in the Methods, and were used as t he basis f or clones. Their 

particular mo r phol oeies and pl e.,quing char acteristics were 

r eco r ded as po s si ble di f f erenti ation f eatures. 

Table VII. The Compari son of Pl aque Char acteristics 

Isol ate Agar Bacterial Incubation Pl aquing Plaque size Pl ate 
Pl ate l awn temp era ture time di am eter 

NM live E.coli --Ng-27 or or 30° c-37° c 36-48 hr 1.5-3.0cm ( AS E. cl oacae -
Ng-151 8 " " 30° c " " 6 

I BH 

BL 

HB-1 

NTH 

NHI 

PA14 

A-1 

Neff 

II " 30° c " " 

" " 30° c II II 

II II 37° C 48+ hr up t o 1.5cm l 
" " " " " b8 
" " " II II 

" " " " " 

" II " II " 

" " 30° c " " 

All isol ates f ormed plaques with either live!• ~ or 

E. cloacae as t he bacterio.l lawn when incubated at the 

appropri ate temperature. Although strain Ng-27 grew well a t 

37° c, the remaining non-pathogenic Naegleria strains BH and 

BL, and the hartmannellid strain Neff, preferred a lower 

temperature of 30°c. Further, all the non-pathogenic Naegl­

eria, plus strainsBH and BL formed relatively larger plaques 

in a shorter incubation time, than did the other pathogens 

(Pl a tes 6 - 9). 

I 

! 



Plate 6 . Plaque morphology of N.gruberi , Ng- 27 grown 

on NM agar with E. coli . 

Note large size of plaques compared with 

those on Plates 7 - 9. 



Plate 7. 

Plate 8 . 

Plaque morphology of N.fowleri, NHI 

grown on NM agar with E. coli . 

Centred- plaque morphology of N. fowleri , 

NHI grown on NM agar with E. cloacae . 
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Plate 9. Plaque morphology of N. fowleri, PA14 

grown on NM agar with E. cloacae . 

Note the relatively smaller size as compared 

to Plate 6 and the centred- plaques . 

46 
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1. 3 Diagriustic Physiological Char·acters 

The possessi on of unique , simple physiological charact­

ers by the pathogenic!• fowleri only is of beneficial use 

fo r the differenti al culturing c.nd preliminary identifica tion 

of N. f owleri in environmental s [Ullp les. The following t able 

shows the r esult of three such tests (tolerance t o 1% (wt/vol) 

NaCl in ngar, gr owth at 45°c and flagell ate transformation 

at 43° c) which can be used t o selectively differentiate 

between N. fowleri and N. gruberi. 

Table VIII. Differential Di agnos tic Char acters of Naegleri a 

Tolerance 
Flagell-1 I of 1% Growth :it Isol ate ation at Controls NaCl in 45° c 

43° C agar 

Ng-27 Pl a tes 
+ axenic - -

Ul 0 
s:::: Plates 30 C + 
<D Ng-1518 It t',.I) + - - Flagellation 0 

..s:; 
+:' BH II 30°C rd + - - + 
0. 

~ ·-
0 BL + " - -:z; 

Neff ND ND ND ND 
i 

I 
HB-1 Pl a tes - .1.Xeni c + + 

0 Pla tes 37 C + 

I Ul NTH " Flagellation s:::: - + + Q) 

~ 
37°c 0 NHI " + 

..i:: - + + 
!~ 

" -
1~~14·~~~'-' -+~+-----~-0~-~~ + Plates 37 C + 

ND= Not Ibne 

Only the non-pathogenic Naegleria, strains BH and BL, 

and the hartmannellid strain A-1 could tolerate 1% (wt/v9l) 

NaCl incorporated into agar. Conversely, the remaining 

pathogenic Naegleria showed c rowth a t 45°c and flagellation 

at 43°c. All controls gave a positive result. 



1. 4 Serology 

The use of seroloGicel methods ~s dingnostic t ools in 

the identification of the :l.etiolocic.'.11 D.(;ents of PAM has been 

necessitated from both the clinical and public he~lth view­

point . The followint; three seroloGicu.l techniques permit the 

r~pid differentiation of N. fowleri froM N. gruberi ~s well 

as indicating to some extent, the taxonomic relationship be­

tween t1e two species. 

1. 4 . 1 A{j[;ilutination 

Table IX. ilr;Glutination Titres 

Anticen: Ng- 27 Ng-1 518 BH BL HB- 1 mrr PA14 A- 1 Neff 

h"B-1 1: 8 ND 1 :8 1 :8 1:256- 1:256- 1:256- 1:256-
1: 512 1:512 1: 512 1:512 

Nc-27 
Adsorbed ND " II " II ND ND 
HB-1 

NTH 1 :8 ND 1 :8 1 :8 " II ;1 " ND ND 

Ng- 27 
Adsorbed i ND " " " " ND ND 
NTH 

NHI 1: 8 1: 8 1 :8 1 :8 ll II 11 " ND 

~ 1 Ng-27 
~ A.dso rb ed II II II II ND 

•.-! NHI +> 
~ PA14 1: 8 ND 1 :8 1: 8 II " " " ND ND 

Ng-27 
Adsorbed ND " " " " ND ND 
NHI 

Pre-
immune ND sera. 
control 

Media ND 
control 

ND= Not Done 
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As shown in Table IX, all the ;ia.thogens, with the 

excepti on uf the Waikato strains BH and BL, ngglutin-

3.ted to 3. titre of 1: 256 - 1: 512 when using anti ser a 

prepa.r ed Qf;:rinst ei tber NHI, HB-1 , PA14 or NTH. Usi!lf; 

the same o.nti ser a , the non- pc.thot:ens a.nd strains BH 

and BL agelutinated to a. titre of 1:8 . Further, using 

Nt;- 27 n.dsor bed Mti-N. foHleri serum , the pathogens 

sti ll agglutinated t o a titre of 1:256 - 1:512. No 

cross-reaction was noted between the hartmannellid and 

NaeGleria isolates sugeesting the absence of common 

gr oup sur f ace a.ntiGens . However, cross- r eactions 

wer e observed between the anti- N. fowler i ser a and the 

red blood cell lysate of the media, due t o i ncomplete 

washinc of the a.ntiGens when preparing the a.ntisera. 

This cross reaction was removed by precipi ta.tion of the 

Mtibodies by the a.ddi tion of REC t o the <Ultisera and 

then centrifugati on at 10 , 000 rpm for 10 mins. a t 5°c. 
Both controls s ubsequently then gave a negative result . 

1. 4 . 2 Indirect Fluorescent Antibody Titres (IFAB) 

The IFAB test was carried out a.s set out in the 

Methods , the working dilution of the commerci al 

fluor escein labelled anti- rabbit ser um being 1: 7 . 
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Table X. IFJ\.B Titres 

Antisera 

Ng-27 Pre-
Anti gen NHI i1dso rbed BB-1 NTH PA1 4 immune Media 

NHI serwn 

Ng- 27 1 :64 - - -

Ng-1518 ND ND ND ND ND ND ND 

BH 1: 32 - -

BL 1: 32-1 :64 - -
HB-1 ND 1: 1024 - -

I 

NTH ND 1: 1024 - -

NITT ND 1: 1024 - -

PA1 4 ND 1:1024 - -
: 

A-1 ND ND 

Neff I ND ND 
I I 

ND Not Done 

T.be results shoi..i that cross-reactions were ob­

served between anti -! • f owleri serum , t.be free-living 

!• gruberi as well as strains BH and BL at l ow 

diluti ons, but not at hi Gh diluti ons. A simi l ar res­

ult was also recorded using agglutination. Within 

experimental limits , the end-point of the IFAB titre 

closely parall eled that of the a glutination titre . 

The end titre of the pathogens was not changed using 

Ng-27 adso rbed anti-NHI serwn. Both controls were 

negative. 
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1.4. 3 Gel Diffusion Analysis (Ouchterlony) 

The immunolo gical rel a tionship between N. f owleri 

and! · gruberi was also assessed oy the gel- precipi tin 

technique with regard t o complete identity between the 

two species ( as shown by completely confluent lines), 

t o parti al identity (as sl1own by a spur), or t o non­

identi ty ( a s shown by a crossing over 1) f the precipi­

tin lines). 

Without exception the antigens of~· gruberi and 

strains BH and BL exhibited a partial identity reacti on 

using anti-,!!. fowleri sera. This confirmed the sharing 

of commo n group an ti gens c bserved by both the cigi; l ut­

ina tion and IF.AB reactions. Compl ete identity was ob­

served between the pathogenic isol ates HB-1, NTH, PA 14, 

and NHI , when using anti -,!!. f owleri sera, but not with 

the ' pathogenic isol ates' EH and BL . 

The best separ a ti on of antigens was achieved by 

use of a 0 . 25'fo (wt/vol) solution of SDS . However , 

appr opri a te controls must be used since cross­

reacti ons between SDS and antiserum were observed a t 

hi gher concentra ti ons of SDS . 



' ' 

Fi gur es 28 - 33: Compar a tive gel- diffusion ana lysis 

Figure 28 

Using anti-NHI serum. Note the spur 38a.inst Ng-27. 

The innermost precipitin line is possibly due t o a 

non- specific cross- reaction with the media because 

of the pr oximity of the medi a control line • 

. Figure 29 

Using anti- NTH ser um. Note the unique precipitin 

line not shar ed by the non- pathogenic Ng- 27 and 

also the spur against Ng- 27 . 

Figure 30 

Using anti- PA14 ser um. 

Fig ures 31 and 32 

Usi ng anti -NBI ser um. Note the spur against Ng- 27 

and BL with NHI and the confluent iine between BL 

and BH . 

Fig ure 33 

Using anti- NHI serum. Note the unique pr ecipitin 

line to the pathogenic NHI antigen which is not 

shared by BH or Ng- 27 . 
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1. 5 Mouse Po.thogenici ty 

The virulence of the pathogenic isol ntes was re­

established using traditional intranasal inoculation of tro­

phozoi tes into mice and then ob servin& for subsequent deaths 

over a period of 14 days . 

Table XI . Mouse- Pu.thot;enici ty Results 

Isolate . inoculation mice used cells/cm3 deaths den.tbs 
No of Size of Number of Time for I 

Ng- 27 6 104 - -

Ng- 1518 ND ND ND ND 

BH 6 104 - -

BL 6 " - -

HB- 1 6 " 5 8- 13 clays 

NTH 6 " 2 10- 12 days 

NHI 6 " 6 7- 8 days 

PA14 6 II 6 6- 11 days 

A- 1 6 105 6 4-5 days 

Neff ND ND ND -

ND = N.::> t Ibne 

The mice inoculated with H. culbertsoni all died within 

4 days , while mice inoculo.ted with l!• fowleri died over a 

period of 6-1 3 days . The variance in the f a tality- time of 

Naegleria was thought due t o differences in the actual 

volume of inoculum drawn into the nostrils as well as to 

individual s train virulence. Support for this comes from 

strain HB-1 which took 8 deys to kil 1 3 mice and 13 days t o 

ki ll the 4th mouse. 



54 

1. 6 Vero Cell Culture 

Because the r ole of the mouse as a definitive test of 

human pathocenicity is no t clearly established due to the 

wide variance in the LD50 inoculum repo rted in the literature, 

it was decided t o investic~te the use of cell cultures as an 

alternative . Initially chick embryo kidney cell cultures 

were tried but were found to be unsatisfactory due to their 

low specificity with regard to the CPE f ormed. Subsequently 1 

Vero cell cultures have been f ound t o give a clear differ­

ential result between the pathogenic and non- pathogenic 

Naegleria on the basis of tbe cytopathic effects produced. 
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Tabl e XII . Pat hogenici ty in Vero Cell Culture 

r I ----1-:ucnrc--;--- - r 

I I so l at • __ In_
0

_si_~~_e_um _ _ _ v_e_s_se_1 __ ..,.i _ _ 2 _ _ 3_-D __ a:y ___ ~-5 ___ 5 _ _ 6 fi 1 trd e I Pb~·' I 
~ i +cel~_conc. __ 

1 I Ng- 27 104 250 cm3 ·r- !I; 1· t rophozoites flask 

Ng- 1518 " II I I 
i I 10 

BH " " · I 
I 

BL II II I ! 
HB- 1 11 

" I II I II Dead Dec.d I ! 
NTH " " I I II Dead. :::'oa.d 1 I 1 ~ 

NHI " " I II III Dead I 12&13 

PA 14 " " I I III D.:ia.d Dead I I 
I Ng-

27 
104 10.0 cm3 -T---~--'- --· --~, 

j trophozoi tes fl a.skette j 1 i 
I hB- 1 " 11 I III Dead Dec..d ! i 

I 
! I I 

I 

NTH " " ! I I II De::icl Deo,d I 

NHI ., " I IT Dcc.d 
! - . i 

::~:7 00j~n~; ~o. ~ J --I- _I_r_r D~:~-1-Dend -t~-2:x_1 :~~:-~L~----1 
HB-1 

NTH 

NHI 

PA14 

Ng- 27 

HB- 1 

NTH 

NHI 

PA14 

fl ·iskette 1 I · ; filtrate , 

" " 
" 
" " 
" 11 

O. 5 an3 
cell- culture 10 • 0 cm

3 
flaskette filtr ate 

" " 
" " 
" " 
" " 

I 

II III 

I I 

I 

I 

I 

I 

i ,. 
E I II i 1 • 34x 10° / m.3 

:I ·8. 1 x105 /cm3 . ; 

Dcacl TJcc.d 2t) x 106 / cm3 ! I 
II III 1 1~ 26x 106/cm3 1 l 
-----·-~t--·-----r-- · · 1 

III Dead ])and ' i 
II Dead D2..1d 

II Dead Dead 

II Dea.d Dead I 
• 

I 
I 
I ---- - ---------- ---------·- ----· ---------~-·-

Key: = nonnal cel l monola,yer 
I = beginning of CPE 

II = pronounced CPE 
I I I = very pronounced CPE 

CPE - rounding of cells, degener­
ation accompanied by refract­
iveness of cells and finally 
loss of monolayer 



Plate 10 . 3 day normal Vero cell cul ture monolayer x 200 . 

Note the confluent cell sheet . 

Plate 11 . 3 day cytopathic effects of N. fowleri, HB-1 in 

Vero cell culture x 100 . 

Note the refractility due to the granulation of 

the cytoplasm ,. the rounding up of the cells and 

the degeneration of the monolayer . 
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Plates 12 and 13. 3 day cytopathic effects .of N. fowleri, NTH in 

Vero cell culture/stained tichome x 500. 

57 . 

Note the loss of the confluent monolayer in both Plates, 

the characteristic "limax" form of the trophozoite in 

Plate 12, and the "halo" around a trophozoite in Plate 13 . 



The Vero cell culture results complement the mouse 

patho;;enici ty r~sul ts in tha t only isolates HB-1 , NTH, PA 14 

n.nd NHI formed CPE when usint; an inoculum of 104 cells/ 

cm3. Further, only the cell- free fil trde of these stro.ins 

formed CPE when pasG~~eJ into now Vero cell cultures. The 

intensity of the CPE 0f the cell- free filtrat e depended on 

the population size n.."ld nee of the .::.xenic cul turc . Typical 

CPE fanned were the r ound.inc of cells accompanied by gran­

ul;:?.tion of the cytoplasm and nuclear pycnosis , refr:ictili ty 

and ul timately the l oss of the munolayer itself. 
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2 . Respiration Rate (%2) Wld t.ll& Temperature Coefficient of 

Respiration (Q10) 

59 

The Qo2 and Q10 values of the isol ates N.;- 27 , HB- 1, PA14 , NTH 

and NHI , were ex..lITlincd at both 27°c and 37°c to exrunine the possi­

bility of there bdnG any thermal adaptation, o.nd tilus selection, 

by the pathotsens in a 10° C rise, an.d olso whet her their r espective 

respirat i on rates could be used in identification. 

Table XIII . Qo2 and Q10 Values of Nae6l~ria 

Isolate Temp. 
Y2 - Y1 (µl) X2 - X1 Qo2 

Q10 OC " mi ns. ;il/mg/hr 

Ng- 27 27 11.0- 5. 8 = 5. 2 60 5. 2 

HB- 1 27 9. 5- 5.3 4 . 2 60 4. 2 
NTH 27 18.1-11.5 = 6 . 6 60 6.6 

NHI 27 9. 0- s. 3 = 3.7 60 3. 7 I 
I 

Pil14 27 14 . 3- 9 . 9 = 4 . .. i 60 4.4 

N.~-27 37 17 .0- 8 . 5 = 8.5 60 8. 5 1. 6 

HB-1 37 13. 8- 7 .o = 6 .8 60 6. 8 1 .6 

NTH 37 -1- ~ . 0- 22 = 22 60 22 . 0 3. 3 

NHI 37 16. 5- 9. 5 = 1.0 60 1.0 1. 9 

PA14 37 29.4- 1l. 8 = 14. 6 60 14. 6 3. 3 

Table XIII shows ti.at ti.ere is a quantitative relationship 

between the Qo2 values observed at 27°c n.nd those at 37°c. 

Furtrer , the Q1o values can be divided into two gr oups. 

Gp . 1 NHI , HB-1, Ng- 27 Q10 of 1. 7 

Gp . 2 NTH, PA14 Q1o of 3. 3 

The effect of this 10°c from 27 - 37°c on the }ll of 02 consumed, 

can be seen by comparing Figures 34 and 35. 

Apart f r om the i sol a tes NTH and PA14 1 the r esults suggest 

t1at at 37°c, ther e is no selecti ve advant age of the pnthogen, 

as measured by the Q1o values , over the non-?athogens. 
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3. Disinfecti on 

The failure of nonnal levels of chlorinat i on a s an effective 

disinfectant which has resulted in a number of fatal cas es of PAM 

(Cerva , 1971; .lnderson & J ami eson , 1972b ) has stimulated the 

search for alternative di sinfect ants for use in t he field of public 

heal th. Currently NaCl (Anderson & Jamieson, 1972b), and the basic 

dy es malachite green and brilliant green (Cerva , 1973) appear t o 

have the desired amebicidal pr operti es required fo r use as 

effe ctive d.i sinfectant a:_sainst the limax amebae. It was therefore 

decided t o examine their po tenti al use as po ssible disinfectants . 

3. 1 Use ,Jf Salt 

3.1. 1 In I•ionoaxenic Plate Culture 

Table XIV. Tolerance of Isol ates to 

NaCl Incorpor ated into ,'15ar 

. Isol a te 0 . 5"/o o. 75% 1. 0% 

Ng-27 + + + 
Ng-1518 + + + 

BH + + + 

BL + + + 

hB-1 + + 

NTH + + 

NFJ: + + 

PA1 4 + + 

A-1 + + + 

Neff ND ND ND 

ND = Not Done 

Table XIV sh ows th a t only t he non-pathogenic 

Naegleri a and strains BH and BL, could tolerate 1.0% 

(wt/vol) of NaCl incorporated into agar . The patho­

genic isolates HB-1, PA1 4 , NTH and NHI could toler­

ate up to 0. 75% NaCl whilst the hartmannellid A-1 

strain could also tolerate 1. 0% NaCl. 
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3. 1.2 In Axenic Culture 

The axcnic salination experiments (Table XV)f 

show that the amebicidal activity of NaCl is a di rect 

effect on the ameba itself, r a the-r than being indirect 

via the bacteric.l food- supply. It is tho-:.ight that the 

effect of salt on t.bese amebae affects the membrunes , 

due t o tloe m,_~lfo rmed, wrinkled appearance of the plasma 

membranes of tt e ameb.:le when observed with phc..se­

contrast optics. 

The results show t.ba.t between 0. 6fo-0 . 8% (wt/vol) 

NaCl, a 9C/fo k ill (Fig . 36) is achi eved. No gr owth 

occurs with a concentration of 1. 5% (wt/vol) NaCl. 

Further, the app~rent salt t olerance difference ob­

served b.:itween p.a.tho[;en ::ind non-pathogen Nhen using 

monoxenic plate culture, is not observed in fluid 

nxenic cul tu.re . It is thou:._;ht ttnt this difference 

coul d be due t o the different feedinG mechanisms in­

volved, i . e. phagocytosis on af;ar culture 3nd 

p inocytosis in axenic culture. 
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Tnble XV. Tol erance of Wt'J.Cl in Axenic Culture 

Inoc-
Control ulurn 

I so l a te cone. 
0 . 2 0 . 4 o . 6 o . 8 1. 0 1. 5 2. 5 3 . 0 cone. / 

11 / cells % Na.Cl ce s 3 
3 cm 

cm 

Ng- 27 2. g4x 7. 6x 4 . 5x 3. 1x 2 . ~x 6 . 1x 1. 4x 0 0 0 
10 105 10 105 10 

lo 
10'-t 10 

% k ill 40 . 8 59. 2 64. 5 92 98 . 3 100 100 100 

Vi ability + + + + + + -

HB-1 1.6x 1. 28x 1. 05x 6. ~x 3 . ~x 2.;x 1x 0 0 0 105 106 106 10 10 1CYt 103 

% kill 18 49 .2 73. 4 98 . 2 99. 9 100 100 100 

Vi u.bili ty + + + + + + - - -

NTH 
1. 28x 1. 24x 1 .03x 6 . 6x 1.6x 1. 9x 1x 1x103 0 0 105 106 106 105 105 10'1- 103 

% kill 16 . 9 47 87.1 98 . 5 99. 9 99 . 9 100 100 

Vi:.ibili ty + + + + + + - - -

NHI ND 1. gx 
10 

6.31x 2. 87x 
10 105 

1. 62x 6 . ~3x 2J.7x 
105 10 1 ' 0 0 0 

% kill 0 53. 8 79 . 5 88. 4 95. 2 98 . 2 100 100 100 

Viability + + + + + + - - -
·-

Pii.14 ND 1. 67x ND 5. g3x 1. 18x 8 . 92x 3. 67x 0 0 0 
10 10 105 1o4 103 

% kill 0 64.1 92. 5 94. 3 99. 8 100 100 100 

Vi o.bili ty + + + + + - - -

ND = Not Done 

3. 2 Basic Dyes 

3. 2.1 Malachite Green 

The potential use of Malo.chi te Green as a clisin­

fecto.nt was tested over a wide r ange of concentrations 

at 37°c. Total counts were made and subsequent 

viability assessed by plaquing out on NM agar. 



Tnble XVI. The Effectiveness of Malachite Green as a Disinfectant 

I noe-
l 

Control 
u um 

Isolnte cone. 
cone. cells/ 0 .1 ye 0 .25 y.g 0.5 pg 1.0 )le 1.5 ~ 3.0 pg 
cells/ 3 

Ng-27 

% kill 

v· b·1·t ia 1 l y 

HB-1 

% kill 

Viability 

NTH 

% kill 

Viability 

NHI 

% kill 

Vici.bili ty 

Pil.14 

% kill 

Viability 

cm3 cm 

2.6x 
9 6 105 9 .,6x 

105 • x 105 

0 

+ + + 

5.~2x 
10 

1.i7x 
10 

ND 

+ + 

3x105 1.01x 1.g1x 
106 10 

0 

+ + + 

5. 88x 1.g 1x 1.g 1x 
105 10 10 

0 

+ + + 

4 .6x 1.~2x ND 105 10 

+ + 

ND = Not Done 

1.1x105 1x103 ND ND ND 

99 . 9 

+ + 

2x105 5.7x 3.7x 3.~x 3.ix 
104 104 10 10 

86 . 4 96 . 1 97 .5 97.7 97 . 7 

+ + + - -

1. 3x105 1. 2x 1.~x 1. Jx ND 
1o4 10 10 

87.2 98 . 8 98.6 98 .7 

+ + - -

i 4 105 1. 2x . • x 105 ND ND ND 

69 91 .5 

+ + 

1. 5x 105 ~ 0Jx t;04x 4Jx 4 .0x 
1 r 1o4 

85 .3 95 . 8 95.6 95 .7 96 . 1 

+ + + - -

Table XVI sbows that no Naegleri a. spp. survived a concentration 

of 1.5_,.ug/cm3 of Malachite green whilst Fig . 37 illustrates that a 

90°/o+ kill occurred at 0.5_)J.f!,/crn3 of the dye. 

I 

I 



3.2. 2 Bri l l i<'..!lt Green 

To..ble XVII . The ~!ffectiveness of .l::lrilliant Groun ns a Disinfectant 

Inoc­
ulun 

Control 

G6 

I sol ute cone. 
cone. / 0. 1 )JG O. 25 ur: O. 5 p._; 

11 I cello I ~ 

I 
1. 0 )l{.; 1. 5 JJ.(; 3.0 ;.i.-:: I 

ce s 3 
cm3 cm 

;038x 8 . 4x1 05 ~03x 
% kill 

Vicbi li ty + 

HB- 1 

% kill 

ViG.bili ty + 

3x1 05 

% kill 

Via.bili ty + 

NHI 
5.88x 
105 

+ 

+ 

1. 01x 
106 

+ 

1 • .j 1x 
10b 

0 

+ 

ND 

0 

+ 

1. )7x 
10° 

0 

+ 

+ 

36.1 

+ 

1. 01x 7. 7x105 3. 7x 
106 105 

0 23.8 96. 3 

+ 

1. ) 1x 
100 

+ 

7x105 

+ 

;;~x 

1. 2x 
104 

+ 

7. 1x 3.6x 
105 104 

51 .7 97. 5 

+ 

2. 2x 
104 

97.8 

+ 

+ 

ND 

1. 9x 
10·1 

98 

ND 

ND ND 

•~~-i_:_~_:_~i-·t_Y ____ + _______ + ______ ~------50·-~-3~---6-:_·8~~--~~~______J 
; . 6x 
105 

% kill 

Viability + 

ND = Not tone 

1. 02x 
106 

+ 

ND 
1. 02x 
106 

0 

+ 

7. 6x 
105 

~ . ~X 
10J 

3. 8x 2.8x 
104- 104 

25. 5 56. 9 96. 3 97. 2 

+ 

Table XVII shows th~t a total kill was not achieved till a con­

centrat ion of 3. 0)J-8/cm3 of brilliant er een was used. Fi5 . 38 shows 

that there appears to be some variation in the response of the differ­

ent str ains to brilliant green as a disinfectant. A 90%+ kill was 

achieved over a ra!lcle of 0.5 t o 1.5)l6/ cm3 of the dye. 
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Figure. 37. 

Figure .38. 
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. Figure 39. 
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3. 3 Chlorine 

The effect of differe~t cell nwnbers on the level of 

total available chl orine (TAC) was examined, together with 

the effect of a maintained chlorination level on the viw­

bili ty of these or ganisms (Cerva, 197 1; J.ncl.erson & Jamieson , 

1972b) . 

3.3.1 The Effect o f Different Cell Nwnber s on the 

Chlorination Level 

Table XVIII. The T•1.C Level as a. Consequence of Different Cell 

Nwnbers 

Cone . of 
0 min 20 min ,to min 60 min 

cells/cm3 

105 8. 8 3. 7 3. 2 3. 0 

104 8 . 8 ,~ . 2 3. 8 3. 3 Level of Tota.l 

103 8. 13 .4. 6 ~ . 2 3. 9 J.v.::i.i l a.ble Chlorine 

102 8 . 8 5 . 3 ·~ . 6 !~ . 2 (Ti.C) in ;>µn 

10 8. 8 5 . 7 5. 0 ·: . 3 
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Fie. 39 illustr ates tha.t ther e is a definite 

relationship between the level of TAC and the cell 

population, i . e . the hitZ}ler the cell population, the 

l ower the TAC level. 1\s cn.n b e seen, the e reater the 

" or ganic mass" present , r ep r esented in this ca.se by the 

cell populati on , the hibher the chlorine demand of the 

water, since most or ganic compounds are oxidized by 

c12 or HOCl due to the hi :.,;h oxidation potentiaJ. of 

these molecules. 

3. 3. 2 The Effect of a Maintained Chlor ine Level 
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Table XIX. Compar'.1ti ve Constituent Chlorine Levels on 105 

NaegleriaLcm~ 

Added Tota l Combined Free 
Time 

Chlorine .:wm l ab l e i'...vailabl e i\.vailable Vi abi lity 
(mins) Chlorine Chl o rine Chlorine of amebae 

0 

15 

30 

45 
60 

75 
90 

105 

120 

135 
150 

165 
180 

195 
210 

225 

(mg/l ) 
(mg/l) (mrdl) (mg/l) 

7. 5 + 

3. 3 2. 0 1. 3 + 

3.64 7.3 2.1 5. 2 + 

3.64 7. 1 2. 0 5.1 + 

3.64 1.4 2. 0 5.3 + 

3.64 7. 8 2. 2 5.6 + 

3. 64 6 .8 2.6 -i . 2 + 

3.64 6.2 2 I; • 'T 3.8 + 

3. 6-i 6 . 6 1. 8 4. 8 + 

3.64 7.2 2. 2 5. 0 + 

3.64 7. 2 1. 8 5. 4 + 

3.64 6. 6 2. 2 . ~ . 4 + 

3.64 7.8 2. 0 5. 8 + 

3. 6.i 9.6 2. 0 7. 6 + 

3 • 6fr 9.6 1. 6 8 . 1 + 

3o 6L~ 9.5 1 • 1 8 . 4 + 

Fi g . 40 indico..tes that there is a dr astic drop in 

the level of the f r ee available chlorine, Fii.C , level 

in the first 15 minutes, followed by a subsequent rise 

' in the FP.C level a nd a decrease in the combined avail-

able chlo:i'.'ine level as mo re chlorine is added. The 

break point occurs after 105 minutes by which · time 

eno ueh chlorine has b een added to satisfy the demand 

of all the reducing agents present. 

Table XIX also illustrates that the amebae were 

still viable u.fter 225 minutes thereby confirming the 

ineffectiveness o f chlorine as a disinfectant for the 

lima.x amebae. 
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1. Classifica tion of Frunilies of hnebae Associated with Primary 

1\mebic Menineo-encephali tis (PlJ1 ) 
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The to..xonoiny of the r..uneb a e associated with PAM is still a 

controversial matter. Currently there are three taxonomic sche­

mes (P!l[;e, 1967ai Sinc:;h & Das, 1970; Chane , 1971) none of which 

is, as yet , universally a ccepted. The lack of a universally 

adopted sch~ne, has led t o much confustion in the literature, re­

sul ting from PAM cases 7 over the nomenclature of these soil­

wnebae . This has resulted in the frequent use of invalid synon­

yms for the aetiological Q.Gents of ?.AM so creatine; some ombig ui ty 

concerning which is the correct specific or generic name. At 

present , there are tl.ree different synonyms for the pathogenic 

species of Na e[_Sleria: (~. f owleri 7 Carter, 1970; £!• aerobia, 

Sint;h & Das, 1970; £!• inve,des, Chang, 1971), and two different 

synonyms f or the non-swi mminG associQted fo rm of the disease: 

Hartmu.nnella and iicanthamoeba. 

Table II illustr::i.tes that t be differences between the three 

classification schemes are clue not so much to t he individual choice 

of to.xonomic criteria, but from the wei c ht and emphasis placed on 

what is basically similar date... For instance, Si ngh & Das use the 

following cri teric. as the basis fo r their t n.xonomi c scheme: 

Family Schizopyrenida e - nuclear division, p resence o r absence of 

a fl~ellat e staee 

Genus Na egleria - nuclear divisi on and the p resence of a 

fl agellate stage 

Family Hartmannellidae - nuclear division and the absence of a 

flagellate stage 

Genus Hartmannella nuclear division and the absence of a 

flagellate stage 

Page bases his taxa on: 

Family Vahlkampfiidae nuclear division and movement 

Genus Naegleria nuclear division and a flagellate stage 

Family Hartmannellidae - nuclear division, absence of a flagell-

Genus Hartmannella 

Genus Acanthamoeba 

ate sta(Se, movement 

nuclear division, movement and cyst stage 

nuclear division, movement and cyst stage 
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Chang : 

Family Schizopyrenidae - nuclear division, movementt presence or 

ebsence of a flQGellate stage 

Genus l'foegleria - nuclear division, cyst stage, presence of 

a flagellate stage 

Family Hartmannellidae - nuclear division , movement, ab sence of a 

Genus Hartmannella 

Genus Acanthamoeba 

flagellate stage 

trophozoite morphology, cyst morphology, 

contractile vacuole 

trophozo i te morphology, nutritional re­

quirements 

It can be seen that Singh and Das (1970) usinG solely cytological 

features , accordingly place great emphasis on the stages and 

structures of promitosis, whereas Pa{; e (1967a) considers the 

phenomenon of promitosis in~· Page further correl ates the 

particular moue of nuclear division with the maimer of locomotion 

thereby emph::.i.sizinc; pseudopodi al morpholo.:zy . Chang ( 1971) in what 

is basically a hybridization of the previous two schemes, combines 

bo th these approaches . 

I\.l thour.;h each scheme has its particular merits and demerits, 

on the whole the scheme of Singh .::i.nd Das is perhaps the most re­

li able, and t herefore usable, because of thE. following reasons: 

1) Interzonal bodies were found t o be a constant feature of 

nuclear division in this investigation provided the correct 

promitotic stws es could be l ocated. They have also been de­

scribed by Ralfalko (1947); Singh (1952); Butt, Baro & Knorr 

(1968); Culbertson, Ensmins er, & Overton (1968) and Chang 

(1971). Because of the difficulty experienced in getting 

the amebae in the correct stage of promitosis so that the 

interzonal bodies could be observed using axenic cultures, 

the writer did feel some sympathy with Page's original crit­

icism that the interzonal bodies were not a consistent enough 

feature of nuclear division to be used as a taxonomic criter­

ion. However, by using the culture method developed by Singh 

(1952), appropriate stages of promitosis were finally obtain­

ed in sufficient regularity to thus invalidate Page 's 

orieinal criticism. 
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2) Page places Great emphasis on pseudopodial morphology as a 

ta.xonomic criterion despite the nu~erous reports in the liter­

ature, Dobell (1 914 ); Minchin (1922); WCizyon (1 926); Calkins 

(1933); Kudo (1 946) and Band (1 969 ), which all aeree that 

pseudopodial mo rpholocy i s too variable a character to be 

used for classification. Culbertson ( 1971) states that :ithe 

mitotic char acteristics have been t he most helpful as many of 

the other morpholo eical factors have been rather inconsistent 

depending upon differin,:; condi tions. 11 The writer's obser­

vations also support thi s view and the variability of pseudo­

podi.al mo rpholoGY i s further exemplified by the observations 

of Ray & Heyes ( 1954) usine Hartmannella ~stronyxis -

"lobopods, f ilopods and micropseudopodia are all formed and 

mey be present in the same individual at the sam e time. The 

kind of pseudopodia produced i s condi ti oned by many f actors 

in the environment •••• Bread, flat l obopods are commonly pre­

sent du.rins active l ocomo tion in individuals which are in a 

liqui d environment and in contact wi t h a sol i d, smooth surface. 

In l ocomo tion on a.r~ar surface, pseudopods tend to be narrow 

and t ap eri ne and may become extremely long and attenuated. 

In individual s suspended in a sur face film or f l oating free, 

rel atively short, narrow , radiatinc filopods are the more 

commcn pseudopodial types Under conditions of slightly 

lowered OxY!'l'. en tension, the limax shape is normally assum ed. 

If the t ot al s alt concentr .:i.ti on exceeds o. 5%, branched 

pseudopods are produced. Locomotion, and hence t o a larg e 

degree the type of pseudopodia formed, depends also upon the 

nutritional state of the culture and the stage of the life­

cycle." 

If this statement is accepted there can be no justifi­

cation for Page's divisi on of the Family Hartmannellidae 

Alexeiff, ~· Singh ( 1952), into the two separate e enera 

Hartmannella and Acanthamoeba using pseudopodial morphology 

as a taxonomic criterion. Furthermore, Hartmannella glebae , 

Debell (1914), the type species of the genus Hartmannella as 

laid down by Singh & Das (1970), also produces acanthapodia, 

but the cysts are rounded or spherical with a smooth wall 



75 

and without pores. This description is also in agr eement 

with the descri ption of ] • glebae by Sandon ( 1927) . Thus, 

"on the basis of cyst cbara.cter n.nd mode of ex~ystmer.t, .!:!· 
Glebae cnnnot be included in the 3enus Acanthamoeba. Only 

on pseudopodial char acter, which i s of no diagnosti c value 

c::.t all , can!!• glebae be placed in the genus J\cant hamoeba." 

- Sineh & Das (1970) . 

3) P;;:&e has set up IInrtnannella .hyalina (D3.nr:;ea.r d, 1900) a s the 

type species of the genus Hartmannella despite the fact that 

Dang ea.rd' s orieina.l dencription was based entirely on f ixed 

preparations and does not r efer t o l ocomoti on . Sc..ndon (1927) 

describes it as follows , "active form very like ~· gr uberi, 

but usually slichtly larger, protoplasm r ather more fluid and 

pseudopodia. f)enerally fonned ' eruptively' • •• " The cr eati on 

of a Genus based on such an incompletely studied species is 

of "little value. " - Sin.;h & D"l.s (1970) . 

4) The cri teri a used by Sin ·h & Das ( 1970) in their classifica­

tion of the small f ree- livin0 urJebne , can be applied to all 

t!ie other taxa i n the or:ler iunoebi da. and also sur;gests 

possible phyl oeeneti c relationships . Accordin~ t o Singh & 
Das, the Feuleen neBative nucleolus or nucleoli in Schizo­

pyrenidae, give ri se to polar masses durine mi t osis. The 

nuclear membr ane per sists throuc;hout division. A f o:nn such 

as~· ~ruberi , t·thich durinG division has polar masses and 

inter zonal bodies ruid can r eadily produce a. temporary flng­

ellate stage , mfzy be r eGar ded as a primitive ameba. During 

the cour se of evolution it seems that the amebae l ose the 

power to produce interzonal bodies, although they a re able 

to produce temporary fl agella , as in the case of Didascul us 

thorntoni . In a f orm like Schizopyrenus russelli no temp­

orary fl neellate i s produced, although the nuclear division 

of the ameba is indistinsuishable from ]• thorntoni. Thus 

the primitive character of temporary flagella production in 

§ • russelli is l ost, but it retains the family character in 

having polar masses . In the Family Entamoebidae Feulgen 

neGative granules or nucleoli do not give rise t o polar 

masses and the nuclear membrane is intact duri ng division. 



76 

A spindle with chromosomes arronged as an equatorial plate is 

f ormed, .as in hi0her animals and plants. 

5) The scheme of Chane (197·1) can be questioned on the basis of 

his use of such doubtful criteria as po l ::i.r caps (Fulton , 

1970 ) pseudopodial mor pho l o,;y and cyst morphology . 

The writer therefo re f :wours the adopt i on of Singh & Dls 

taxonomic scheme. At the same time it should be realised that 

taxonomy , by its inherent nature is subject to the changes result­

ine from the discovery of further scientific knowledge . Perhaps 

the whole idea o f classification can be summed up by Oakley ( 196 2) 

- "Until an ideal classification that subsumes all the possible 

informa tioa i s devi secl, we shall have to put up with p r actical 

classifications that are uneful to us. They may be , o f course , 

as ephermer a l as the practical requirements they serve, e..nd t here 

is a {;reat d ea l t o be said f or not enshrininc.~ them i n official 

La tin sets o f binomi als. The more we know, the better our classi ­

fications can be, but we may still find , while we c.re still so 

i gnorant, that for differ ent purp'oses differen-i; classifications 

are necessary, and we may even be incl ined to relegate t o 

earthly paradises and otber non- existent Utopias of classification 

in which all the properties o f ;:in '.) r c anism are reg.::.rdecl as 

equally importruit. 11 



2. Identification of the Aetiological Agents of Primary .Amebic 

Meningo-encephalitis 
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Efficient rapid means of identification are essential to both 

treatment and control of the di sease because of: 

1) the abrupt rapid onset of the disease; to render any chance 

of survival, drug therapy must be comm enced as soon as 

possible after a positive identification of the aetiological 

agent, Chang (1974), and 

2) the fact that normal levels of chlorination have little effect 

on these or e a.nisms (Cerva, 1971; Anderson & Jrunieson, 1972b; 

Brown, 1974; Table XIX) and therefore currently, there are no 

effective control rr.easures for PAM. It seems likely in the 

future tha t control of the disease will depend, to some extent, 

on the routine analysis of water t o establish the presence or 

absence of these or canisms. 

This vital need for rapid identification has perhaps been 

responsible for the move awn~/ from traditional methods of pro­

tozoan identification to those of serolo,gy over the last few years. 

This has resulted in the establishment of seroloeY as a powerful 

diaenos tic tool in the field of par asi tic pro t ozoology and a resume 

of some of these methods toe ether with traditional identification 

methods f or PAM is included with the results of the present study. 

2.1 Identification Based on Mo rphology 

2.1.1 The Trophozoite Staee 

The comparative studies so far have shown that the 

pathogenic _!!. fowleri is morphologically identical to 

the non-pathogenic !• gruberi under the compound micro­

scope (Plates 1, 3, 4 and 5) the only slight differ-

ence being that the pathogens are slightly smaller in 

size and form cysts with no opercula, Singh & Das (1970). 



Table XX. Morphological Comparison Between 

.!.!• gruberi and .!.!• f owleri 

N. gruberi 

N. fowleri 

trophozite 
size 
,.urn 

15-30 

10-15 

nuclear 
diwnetcr 

4 

4 

cyst 
diameter 

,)lITl 

14 

9 

cyst 
pores 

+ 
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Electron-microscopic studies have also confirmed 

this similarity (Carter, 1970; Visvesvara & Callowa.y, 

1974) between the two species. The sugges tion by 

C:J.rter ( 1970) that the possession of dumbell-shaped 

mitochondria is a trait of the pathogens only, has 

been invalidated by Visvesvara & Callowa.y (1974) who 

found that .!.!· e ruberi also possesses these structures. 

The significance of the possessi on of dumbell-shaped 

mitochondri a, a s opposed to oval-shaped mitochondria, 

is not yet known. However, it is known that the mito­

chondri a of pathogenic culture f orms differ from the 

mitochondri a of mouse-infective f orms, in that lead 

citrate stained sections of amebae in the brain con­

t ai ned only li ghtly stained mitochondria as opposed to 

the numerous darkly stained structures of amebae grown 

in monoxenic cultures. This suggests the possibility 

of a less active metabolic state when in vivo (Maitra --
~ !!_., 1974). This is perhaps analogous to the situa-

tion in Trypanosomes whereby in the culture form the 

mitochondria undergo extensive proliferation, but in 

the infective bloodstream form, the mitochondria re­

gress into a single, simple anterior mitochondrion. 

This structural adaptation in the bloodstream forms is 

accompanied by the loss of a functional Krebs cycle 

which is located in the crystal membranes of the mito­

chondria. Further, the consumption of glucose and o2 
by the bloodstream forms increases to 10 times that of 

the culture forms (Goodwin, 1964) . Thus there is a 

metabolic adaptation on adoption of the infective form 
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to meet the demands of a chan3ed environment. In the 

same way, the mito chondrial differences between the in­

fective and cultura l fo rms of Naegleria, as outlined 

by Mai tra ~ !:!.· ( 197·1) m3J7 al.so reflect some sort of 

metabolic adap t a tion, since the am ebne go from a 

rel~tively nutritionally poor environment, character­

ized by a l ow 02 content, t o a relatively nutrition­

ally rich environment in the brain, char~cterized by 

a very high o2 content. For exrunple, the oxyc en con­

tent of whol e blood i s app r oximately 2. 03 x 105 ms /l 

(20.3 cm3 of 02/100 cm3 of bl ood), and the o:xygen in 

solution in blood, i. e . not combined wi th ha emoglobin, 

is 2.85 x 103 cm3/1 (0 .285 cm3 02/100 cm3 bl ood). 

The whole blood c "lrries appr oximately 3 x 104 more 

oxygen than does ;iure wat er a t 37°c whilst oxygen in 

solution in blood has app r oximat ely 4 x 102 times more 

oxygen than pure wa ter at 37°c. 
It has al so been shown t hat the serum requirement 

f or the gr owth of Naegleri e i n a.xenic culture is act­

ually a heme r equi r ement , which can al so be sa tisfied 

by haemogl obin (Band and Bal amuth, 197 4), wd that 

wnebae f orm many mi cr opinocytotic vesicles from the 

pl asma membrane f or the active tral'}sport of solutes 

f r om the brain (Vivesvar a & Calloway, 1974). Therefore, 

because of the larg e omounts of oxygen taken in via 

the carrier haernoGl obin molecules and the excess of 

nutrients, a less active metabolic state, as compared 

t o the free-living state, could constitute an adapt­

ation t o the parasitic habitat. Because of the over­

abundance of oxygen, it seems also highly likely that 

part of the oxidative metabolic machinery could be 

missing, as in the Trypanosomes. That o:xygen does 

affect Naegleria spp. can be seen from the findings 

of Band and Balamuth ( 1974) . They incubated two 

cultures, identical in every Wf33 except that one of 

the cultures was oxye enated by incubating on a rotary 

shaker, and found the maximum yield of the r o tated 
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culture t o be 5. 83 x 106 cells/cm3, and the mruc.i.rnum 

yiel d of the ot her unshaken culture t o be 2. 4.i x 106 

cells/c.m3. 

Thus on adoption of the pathogenic state in which 

ther e is a surplus 0f gr owth r equirements, in tiie inter­

ests of cel lular economy a poorly developed mito­

chondrial system , tosether wi th its oxidative metaboli c 

defects, could be of s ome ad.vruit age as a re3ulatory 

system. Conversely, in the f r ee-living state where 

ther e is not such an over-abundance of growth require­

ments, a mo r e highly developed mitochondrial syst em is 

per haps a necessity fo r the m2intenance of the level 

of enerJY required fo r the ma..ny b i osynthetic functions 

of the cell . 

2 .1. 2 The Flagellate Stsga 

What little work has been done indic~tes that the 

flagell <1te stage of N • .;r uberi is mo rphol ogically 

identical t o that of N. fowleri (Sinch & Das , 1970; 
Carter, 1970) . 

2.1.3 The Cyst Stage 

There i s now r eliabl e evidence t o support the view 

that!· er uberi fo rms cysts with opercula (Plate 2) vi a 

which they excyst. N. fowleri, on tl;e other hand, fo rms 

cysts without opercula and excysts vi a rupture of the 

cyst wall ( Carter, 1970; SinBh & Das, 1970; Lastovica , 

1974) . Singh & Das (1970) f urther claim that t he cysts 

of pathogenic Naegleria are coated "in a fairly thick 

gelatinous layer." The cysts of !!· gruberi are also 

said t o be larger than those of!· fowleri (Table XXII ) . 

It is tempting t o speculate that the l oss of 

specialized structures f or excystment ma.v be the result 

of evolution to a parasiti c state. Further, since the 

cyst stage represents a resistant structure f ormed 

nonnally as a result of an unfavourabli:i environment, 

the fact that only hartmannellids and not Naegleria 
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form cysts in the brain, suegests the probability 

that the former are indeed only pathogenic opportunists. 

If this is so, then it m.::i,y explain w.by tf.ese or ganisms 

are only rarely involved in cases of PAM. 

2.2 Growth and P.bysiology 

2. 2. 1 Plaque Morphol ogy 

Of the 6 pathoger~c isolates tested (Table IV) all , 

with the exception of the Waikato isolates BB and BL, 

formed smaller pl aques on a bacterial lawn (Pl a tes 7-9) 

in a l onGer incubation time than did the non-pathogens 

(Table VII) . This could be because the non-patho gens 

c::i.n out gr ow the pathogens at 37°c (Chang , 1974; De 

J onckhere ~ !:!,•, 1974). Although some of the patho­

gens occasionally formed centred-plaques (Plates 8 & 9), 

it was not a consistent enough fea t ure (Plates 7 & 9), 

to su~port Chang's claim that centred-plaque formation 

was indicative of a pathoeenic species. However, 

centred-plaque formation was never ob served with any 

of the non-pathot;enic isolates . 

The f ormation of pl aques requires the use of live 

bacteri al cultures for the f ormat i on of the bacterial 

l awn. It was further found that tbe use of viable 

bacteria was preferable to the use of heat-killed 

bacteria in general culture maintenance. The use of 

live over heat-killed bacterial suspensions for the 

growth of Naegleria spp. is further supported by the 

work of f.nderson & Jamieson ( 197 4b) who found that 

Naegleria spp. grew profusely on a number of live 

commonly-isolated Gram-negative bacilli: Proteus 

vulgaris, fE· mirabilis, Escherichia ~' Enterobacter 

aerogenes, ~· cloacae, ~· hafniae, Shigella sonnei, 

Salmonnella typhimurium and Providencia sp., with the 

exception of Pseudomonas aeroginosa which produced too 

dense a lawn for the amebae to multiply. A similar 

observation was observed in the present study with 

Klebsiella aerogenes which produces an inhibitory 
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extracellular slime. It thus seems unnecessary t o use 

heat-killed bacteria as a lawn, except perhaps , f or 

axenizing . 

2.2.2 Salt Tolern.nce 

The results 0f experi ment s t o ~etermine the t oler­

ance of amebae t o salt (Tables XIV & XV) indicate that 

support cnn no l onger be gi ven t o the claim that 0 . 5% 

(wt/vol) of NaCl incor porated into aear , t ot al ly in­

hibits grow th of t he pathoeens (Singh & Das , 1970 ; 

Carter, 1970). Using monoxenic a{;ar cultures, 0r owth 

was not inhibited till 1. 00/o NaCl, and it was not until 

1. 5% NaCl that gr owth was inhibited when using axenic 

cultures. ~dditional evidence supportinc gr owth of the 

pathogens when subjected to a concentrati on of 0.5% 
NaCl in a(~u.r comes f r om van den Driesscbe ~ ~· ( 197 3). 

The results of t he use of axenic cultures also 

indicate t .bat the amebicidal activity of salt can be 

considered t o be a di rect effect on the am ebae itself, 

e.nd not o..n indi r ect effect on the bacteri al l awn which 

se:rres as the f ood supply. Presumably , the difference 

in the amebicidal activity of the salt between mono­

xenic acar cultures and axenic ones is due to the diff­

erent feeding mechanisms. It is known that amebae in 

particle- free fluid axenic state, feed exclusively by 

pinocyt osis (Blowers & Olszewski, 1972) as oppo sed to the 

nonnal ph~ocytotic mechanism in bacterial-monoxenic 

agar cultures. The use of salt as a disinfectant is 

discussed in section 4.2. 

2.2. 3 Temperature 

Table VIII illustrates that all pathogens, with 

the exception of the Waikato isolates, were able t o. 

grow at 45°c and underwent flagellate transfonnation at 

43°c. This was also observed by Griffin (1972) who has 

suggested that the ability t o tolerate gr owth at high 

temperatures is directly related to virulence, with 



nonvirulent strains un~ble t o ~row at normal o r ele­

vated body temperatures. To be able to c~use PAM, an 

i~eba must be ~ble t o multiply in the host and t o 

Gurvive f ever, as minim~l r equirements. That pr o t ozoa 

have the ability t o .'.l.da.pt t o t~n)erature changes is 

supported by the wor k of Dallinger (1887) who over a 

5 year period increased the temperature tolerance of 

the amebo- fla.cellate Tetrrunitus r ostratus from 22°c to 

70°c. These results, pl us the information ti.a t most 

human infections h3.ve occurred durinB hot weather after 

swimming in warm water, support the suegestion tha t the 

pathogenic Naegleria a.re indeed t.bermophillic species. 

The adap tive mechanisms and structural differences 

responsib le for this increased temperature t olerance of 

the pathogens still remains to be elucidated. However , 

from studies on thermophillic bacteri a , it has been 

shown that their enzymes and other proteins are much 

more resistant to heat than those of mesophiles. 

Furthermore, the protein-synthesizinG machinery, i.e. 

ribosomes, etc., of thermophillic bacteri~ as well as 

such structures as the cell membr ane , are likewise more 

resistant . Thermo~hillic bacteria h~ve memb r ane lipids 

ri ch in saturated fatty acids 1~hich f orm much stronger 

h,ydrophobic bonds, thus enabling the membranes to re­

main stable and functional at high te~peratures (Brock, 

1974). It may be tnen that such similar changes at bo th 

the biosynthetic and structural level may account f or 

the observed temperature ~olerance exhibited by the 

pathogenic Naegleria. Brock suegests that the relative­

ly low temperature of eukaryotes, as compar ed to that 

exhibited by prokaryotes , ma.y be due to the inherent 

thermolability of the or ganellar membranes of eukaryotes, 

especially those present in the nucleus and the mito­

chondria. The mitochondrial membrane seems especially 

sensitive to heat, and mitochondria disappear when 

cells are heated t o a few degrees above their maximum 

temperature (Brock, 1974). As yet, nobody has esta.-
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bli shed the cause of the p~thogens ' temperature t a ler-

:::.nee. 

2.2. 4 Respiration Rate (Qo2) and the Temper ature Coefficient 

of Respiration (Q10) 

T.here are two im~)o rtant effects of temper ature in 

aquati c habit3ts , namely: 

1) •ii th a. rise i n tem;:>erature there is a decrea,se in 

the amount of dissolved oxyGen held in the water . 

The l evel of dissolved oxy{5en r anges f r om 14. 63 

m(J/l at 0°C in pure water down to 6. 74 mg/l at 

37° C (Mo ntc;omery , Thom & Cockburn, 1964) , and 

2) to increase tte metaboli c r a te of the organi sms 

and thus the rat e ~t which they re~ove oxygen from 

the w3ter (Noland & Gojdics , 1967) . 

Withi n the biokinetic zone, 10- 45°c, the r ates of 

reactions increase between 2 :i.nd 4 times f or each 10°c 

rise in temper ature (Giese, 197 3) . Table XIII shows that 

there i s a qun.nti tative relationship between the en­

vironmental temper atur e and the Qo2, i . e . the volume of 

oxygen consumed/unit of time. 

On the basis of the Q10 results , the dat a can be 

divided into two Br oups: 

1. comprising Nill , HB-1, and Ng- 27 , with an average 

Q10 of 1.7, and 

2. comprisine NTH and PA14 , with an aver age Q1o of 3.3. 

Just why the Australian strains PA 14 a.nd NTH should have 

a Q10 which is appr oximat ely doub l e that of the oth er 

isol ates examined is not known. Could it reflect an 

ecological adapt a tion t o a specific environment? Evi­

dence for this possibility is that NTH was isolated from 

a f atal case of a child who "Pla.Yed submarines" in bath­

water a.nd PA14 was an environmental isol ate from the 

same house. The house had rema ined unoccupied for a 

considerable period of time durinB hot weath~r (Ander­

son~~., 1973). The wa ter, which was chlorinated 

but unfiltered, was delivered in an exposed overland 
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pipe which becrune progress ively heated during the 

summer months (Anderson & Jamieson, 1972b) . From the 

results (Table XIII) it can be seen t!,at it is not un­

til a 10° c rise t o 37° c occurs , that a.ny marked diver­

gence in their Qo2 values takes ~lace . This could 

reflect an adaptation t o possible periods of low oxyeen­

a tion, due to hi c;h temperatures and s t agnati on in the 

water in the overland pipe, in which case the possession 

of a higher respirati on r a te is of possible advante~e 

t o compensat e f or tlie l ow oxy6 en level of the environ­

ment. 

The results also indicate that Naegleri a possess 

the potenti al t o adapt t c a wide range of oxygen con­

centrations, in a number of different environments , e . g. 

CNS, running anJ st<l(jnant water. They alsc have the 

ability t o successfully adap t t o changes in their en­

vironmental temperature, :1s c.:m be seen by the doubl­

ing .:ind. tripl illG in their Q10 values. What is sur pris­

inc; thouch, is that the patlior;ens HB- 1 and NHI h.3.ve no 

selective advant a;;e over the non- pathogen NG- 27 at 37°c 

with r eGar d t o their indivi dual respirati on r~tes. Thus 

the Qo2 value is of no use as a t~onomic criterion as 

was previ ously thought . The inherent abili ty of the 

pathogens to adapt to a wicle number of differing en­

vironments , plus tl,eir ability t o gr ow and. multiply in 

both the free-living and parasitic st ate, illustra tes 

the versatility of these organisms. One wonders whether 

the r etention of their free- living life-cycle ma.r be the 

result that the adap t ation of the parasitic mode of life 

is evolutionarily a dead end, and the possession of the 

free-living state, permits their survival in the wild. 

2. 3 Serology 

As mentioned previously, the specificity and relative 

r apidity of serological methods provides us with relatively 

quick, efficient means of differentiating between non-patho­

gens and pathogens, provided that the appropriate antiserum 
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is available and the necessary controls are used. 

Table IX shows tha t all pathogens, with the exception of 

the Waikato isolates, ~gl utin~t e t o a titre of 1: 256-1: 512 

ivhen usinG anti E· f N.ileri sera. Usine the same antisera, it 

was found that the non- pathogens acglutinated t o a titre of 

1:8, thus sugcestin5 the probability of a common gr oup anti ­

sen(s) WlJ.iCh is (are) shared between both the free-livint; and 

patho0enic species of Nae3leria. The ae~glutination titre of 

the pa thocens was not changed when using Ng-27 adsorbed anti 

E· fowleri serum, tested previously by its failure t o agglut­

inate Ng-27. Similar results have also been observed by 

Anderson & Jamieson (1972a) and Van Dijck (1974) . 

The p resence of common group anti gens was also observed 

with both the indirect fluorescent antibody test (IFAB), Table 

X and the gel-precipitin technique, Figs. 28- 33 . The IFAB 

results show that fluorescence , when using antiserum prepared 

agai nst E· fowleri isolates was observed t o a titre of 1:1024 

in the case of the pathogens, and t o a titre of 1:64 for the 

non- pathogens . Similarly, both Cerva and Kr runar (1973), und 

De Jonckheere ~ ~· ( 1974) were able tu distinguish between 

N. tjruberi isolates and E· fowleri isolates usine IFAB titres. 

The gel-p r eci pitin results show tha t: 

1) all Naegleria sha re a common antigen and are therefore 

serologically r elated. 

2) all pathogens, with the exception of the Waikato isolates , 

share a unique corrunon antigen between themselves , which 

is not shared by!· gruberi , and 

3) that there is only partial agreement, as shown by the 

spur, between the pathogens and non-pathogens. 

Visvesvara and Healy (1973) also observed a similar diff­

erence in the number of precipitin lines between the pathogenic 

and non- pathogenic Naegleria. They observed 5 precipitin lines 

between antigens and antisera from all pathogenic str ains and 

2 lines against !· gruberi antigens using the same antisera. 

Immunoelectrophoresis (IE) further confirmed these gel-precip­

i tin studies revea ling 10-12 bands between antisera against 

pathogenic antigens, and 4-6 bands for ! • gruberi antigens 
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when usi nc; the same o.nti sera. Will:iert , J(ldin & LeRay ( 197'2) 

and ;lillaert & J n.di n ( 1974) have also observed :i. clear a.nti-

1::; enic distincti on between n number of differ ent sa.rcodine 

Gener a usinG I E techniques, a.s shown in the followinc.; t able. 

Table XXL Compn.r a t i ve I E .".naly3is of Different Genera of 

Amebae 

Anti~en Antiser um Number of 
Precipitin Lines 

N. fowleri N. fowl eri 27 

l!· jaiini " 14 
_!! . (;;r uberi " 8 

~.b i stollti ca " 
A. castellanii (Neff) " 
!! . j adini !· jn.dini 35 
N. fowleri " 14 

l:!. t:;r uberi " 12 
H. cull.Jertsoni Il.culbertsoni 25 
:~ . castell.::i..nii (Neff) " 12 

!·~oly;1h~;~a " 12 

~. rbysodes " 12 

A. castella.nii ( Neff) 11 . cc.stellanii (Neff) 25 
£:.rhysodes " 25 
H. culbertsoni t i 12 

!· Eo l~'.pho;~u " 12 
Tetrami tus sp. " 
EntlJllloeba sp . " 
Nae~leri a sp . " 2 

From the writer' s results (Tables IX & X, Figures 28-33) 
and these shown in Table XXI it con be deduced that N.fowleri 

is serolo6~cally rela ted, tholl,ih distinct from , the other two 

species of Naegleria.. Using anti-_!! . fowleri sera, the results 

of Willaert~~· (1972), confinn the absence of parent 

antigens between Naegleria spp . and ]• culbertsoni and !• 
histolytica a s h a s been the case when using IF.AB, agglutin-
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ation and gel-precipitin techniques. The difference in titres 

and the number of precipitin lines between the different re­

ports, emphasize the fact t .hQt di rectly compcirn.tive serology 

is only possible where one is dealing wi t b the s:.i.me batch of 

antisera. 

It can be seen from the above that the use of serolo gical 

techniques cn.n also be of imr.-i ense aid in classi fication as well 

as identification, due to their hi sh specificity. For example 

on the basis of IE, it has been shown that the strain 0400 
(~. j adini) occupies a position which is serologically inter­

mediate between l!• fowleri and .!'!· gruberi (this strcin was 

isol a ted from a fishpond, can be gr own at 30°c but not at 37°c, 
and is only slightly pathoGenic for mice). I E also supports 

the view that H. culbertsoni, J:.• castellanii (Neff), J:.• 
polyphaga and~· rhysodes are sufficiently rel ated t o be in­

cluded into one genus, Hartmannella , and that !:.· castellanii 

and A. rhysodes are pr obabl y the same species . 

2. 4 Pathogenicity 

Tables XI & XII show tbnt only t11e isol a tes which were 

pathogenic to mice, also f ormed CPE in Vero cell culture. 

Culbertson (1 97 1) also found this relationshil> sayi nt; that the 

relati onship between cell culture and pathogenici ty "is pretty 

close." Chane (1971 & 1974) , has also used cell cultures to 

differenti at e between pathogen and non-pathogen. However, when 

using cell cultures care must be taken to use a suitable con­

centra tion of seedin8 cell culture i noculum, a suitable inocu­

lum concentration of amebae and c f course a suitable cell 

culture source. For exrunple, using an inoculum of 105 cells/ 

cm3, produces CPE with both non-pathogenic and pathogenic 

Naegleria. Once these variables are standardized, then the 

use of cell cultures becomes relatively more reproducible. 

There thus seems reliable evidence to support the view 

that the use of cell cultures can differentiate between N. 

fowleri and N. gruberi, en the basis of the CPE produced by 

the pathogens. Further, since the role of the mouse as a 

definitive test of human pathogenici ty is not clearly esta.-
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blished (due to the variance in susceptibility to infection 

which is often displayed by mice, Anderson & Jamieson, 1972a) . 

the use of cell cultures may in fact prove to be more reliable 

as a test for pnt.hoc;enici ty becnuse: 

1) it is more quantitative as it allows some standardization 

of s om e of the vari u.bles used, such as the inoculum 

concentrati on, 

2) it is more rep r oducible as it eliminates the individual 

variati on of susceptibility t o infection of mice, 

3) it allows greater ease of reisolation of the runebae 

without accumpanying contwnination, .J..'1.d 

4) it is rela tively quick , easy and. cheap. 

The CPE exhibit8d by E• fowleri in Vero cell culture in­

cludes the r ounding up of Vero cells, refractili ty due t o the 

Granulati on of the host cell cytopl a sm and nuclear pycnosis, 

and finally, the l oss of the monolayer. These same CPE are 

also formed when using the cell-free ax.enic culture filtrate 

of the pathogens . The intensity o f the CPE fo r med by the 

cell free filtrate was directly p ro~)o rti onnl to the population 

size and/ o r a£; e of t h e culture , a s hns a l so been f o und by 

Chang (1971). It is thous.ht tha t this cytotoxic substance 

lib erated by the pathoc:;ens, corresponds t o the 11 cy tolytic 

t oxin" reported by Chang (1971). 
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3. Classification and I dentification of the Waikato Isolates BR and 

BL of 1968 

The oric inal classific~tion of the 1968 Waika t o isol a tes as a 

slime mould (Myxor.iycetale) p robably b eloneins to the c enus Echino­

steliwn, Mand~l ~ ~· (1970), ) resents an enigma (Tnble I), since 

in the oric inal author 's w0r ds, "no other human cases have been re­

ported as due tc a slime mould. " T.here have been many subsequent 

critics of this i uentification (Chonc , 1974; Culbertson, 1971; 
Carter, 1972) as f r om t.be description of the o r ganis.i! given in the 

report, it closely resembles th"!.t o f n species of Naeblerill. 

"t.he nmeboid f o rm varied between 9- 15 fa in diameter and had a clear 

hyaline ectoplasm and a ~ranular endoplnsm contci.nine vacuoles. A 

vesicular nucleus with a centrally placed nucleolus could be seen 

now and then. It r.ioved by throwint; out one or two br oad pseudo-

po di a . . . ' givinG a chnrncteristic creeping motion • Fl01;ellate 

fo:rms have n.n eloncated :;r pyriform shape i-ii th 2 anterior placed 

flw-~ella. The cysts measure 12-18 }l d. Qlld were r ound, with a 

smooth wa ll and no ~ores ••• 11 Mc.ndal ~ ..e:!_. ( 1970) . 
I ai tially the runebo.e were consi dered by Mandal et al . to 

belon_; to the t.:enus Ibe, :lerin.. However they later reclassified it 

.:i,s a rcyxomycete on the basis of the observation that overpopulation 

of amebae v:i th subsequent l a.ck of food. bacteria, and incubation at 

55°c, caused "the oreo.nisms t o adopt both baci llary and spore 

f orms which later returned to the ru.1eb c id form under favourable 

conditions", Mu.ndal ~2!· (1970) . The authorn do not mcice clen.r 

what they mean by bacillary f orms. Further tbe writer believes 

that the hyphal structures as shown by Mandal ~ Ed_. in Fig. 3 of 

the report, were in fact mould cuntcmination. As Chang points out, 

"the ring structure which the authors believed to b e a sporangium 

was located near a mycelium; but spora.ngia of endosporous mycetozoa 

are not fo:nned from mycelia but by protruding lobular masses from a 

plasmodi um." 

On receipt of the cultures used by Mandal , the isolates BH and 

BL (Davies , 1974) were cloned three times and subsequently examined 

using the precedincr methods of classification and identification as 

outlined in the previous sections. Worthy of mention is that on 

initial re-establishment of the cultures , they foiled to be patho-
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genie to mice and were thus thought t o have lost their pathogenicity 

(Davies , 1974). However, all atta~pts at classification and 

identification have pointed to the isola tes being !· gruberi 

(Tabl es VI-XII & XIV). Recloning , and selective ~Towth at 45°c 
and 55°c, failed to pr oduce any pathocenic strains. Their non­

pathoGenici ty was finally confirmed by bo th mouse-pathocenicity 

and Vero cell culture, <::.nd thus t h e isolates have been reidenti­

fied a s ~· gruberi. The most likely explanation for the isol a tes 

turning out to be !!· ~ruberi, in the lie.ht of their original 

pa.thogenici ty for mi ce (Mo.ndal .!! ~· 7 1970~. is that since the 

original cultures were uncloned, they were possibly mixtures con­

tairring both!!• gruberi and.!!• fowleri . Evidence fo r the isolat­

ion of!• gruberi from the CSF com es from both Saygi _!! !!!• (1 972) 
and Jadin_!!~· (1971). On re-establishment of the original 

cultures e.s used by Mandal , it is possible that the pathogens were 

"diluted out" by serial subculture le:iving the fn.ster gr owing N. 

gr uberi . One cannot exclude, however, the sli ~ht possibility that 

the pathoi:;enic Ir• fowleri had reverted back to the free-living 

N. eruberi. 
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4 . Disinfecti on 

4.1 The Fnilure of Chl orine ns a Disinfectant 

Since the introduction of chlorine into wnter treatment 

nearly 73 years ueo, it h~o become al mo st the sole method used 

for ac tive disinfecti on of water supplies (Mo rris, 1970). Its 

pr edominant position has been gained because of the potency 

and r arlGe of effectivenes s of aqueous chlorine as a germicide; 

its ease of applicati on, measurement and control; its free­

dom f r om t oxic or physiol ogical effects; its reasonable per­

sistence in treated waters and the economy of chlorine. No 

other competitor has such advantages. 

When chlorine i s ad.Lled to water, it reacts: 

Cl2 + H20 ~ H+ + Cl- + HOCl 

HOCl has a KR (dis3ociation constant) of 2.5 x 10-8, and is 

t herefo re affected by t he pH of water. HOCl ~ W + OCl-. 

i\.t t h e pH values of concern i n water sup~~ lies, there is 

es s entially no chlorine pr esent as Cl2. 

As far ns disinfecti on with chlorine is concerned, the 

active species are Cl2 and EOCl. The i onic form , OCl-, is 

rel ntively ineffective. 

F'ic . 39 shows t he effect of different cell numbers on the 

level of total av2.i l able cLlorine (TAC) where TAC = free 

avail able chlorine (FAC) + combined avail able chlorine (CAC). 

It can be seen that as the cell numb ers increase, the TAC 

decreases as expected , since mos t "or ganic compounds" are oxi-

dized by c1 2 or HOCl due to their high oxidati on potential. 

This represents a l oss of chlorine for disinfection and is 

referred to as the chlorine demand of water , i.e. the differ­

ence between the amount of chlorine added and the amount that 

can be determined analytically as residual chlorine. Resid­

ual chlorine includes chlorine i n all reducible forms, such 

as Cl2, HOCl and OCL-. 

Fig . 40 shows the effect of a maintained chlorine level 

on a constant population of 105 cells/cm3. The Figure also 

illustrates Break-point chlorination which is, "the ad.di tion 

of enoush chlorine to satisfy the demand of all of the re­

ducing agents present, including or ganic compounds and 



93 

ammonia c.nd its deri vo.ti ves." The break point (which occurred 

after 105 minutes , Fie • . 'J.O) is pass ed. "at the point where 

the n.ddi tion of o.ny more chlorine sho>1s up a.s exo.ctly the 

s.'.lffie increase in FAC. 11 From the graph, it can be seen that 

al thoutSh the FAC level (the part responsible for t he c1i s­

infection) reaches up t o 8. 4 p pm, the amebae are still 

viable after 225 minutes, as sJ:.own by r~rowth on NM near 

(Table XIX) . i~ddi tioncl evid ence t o show that normal levels 

of chlorine have little effect on these orbanisms , comes from 

Anderson & Jamieson (1 972b ) who found that superchlorination 

up t o 10 p}m fn.ilecl to eradicate Ifae~~leria species, and Brown 

(1 974 ) \·1ho found that 6 . 5 ppm of chlorine had little effect 

on ~· rhysodes. Since normal chlorination levels which vary 

from 2-3 ppm in drinkinc; wc.ter and swimminc: pools are in­

effective a serious public health risk exists (Cerva , 1971) . 

The rec.son of the failure of chlorine as o. disinfectant 

f or t11ese or G2..!lisms i s no t knmm. !£.co.ctly hmv chlorine kills 

is still an academic puzzle. Whatever the chemica l a ction, it 

is ;:;enerally e.c;reec~ t hat tbo relative efficienc;{ of various 

clisinf ectint; compounds is a function of t he r ate of diffusion 

throuch the cell wall or p l a sma membrane. It is assumed that 

after ; enetration of the cell membr ane :i.s accomplished, the 

disinfectin6 compound has the ability t o attack the enzyme 

Group whose destruction results in the death of the or eanism. 

With this in mind the failure of chlorine as a disinfectant 

could be due to: 

1) the failure of HOCl t o penetrate the cell membrane , 

2) the presence of insusceptile enzymes to the action of 

the HOCl , or 

3) dissociation of the }{)Cl into the relatively harmless 

forms It + OCl - • 

It is known however, that nonnal levels of chlorination 

do affect active protozoa as well as other eukaryotes such 

as helminths and flukes (Gainey & Lord, 1961) . Therefore 

most evidence would sucgest alternatives 1 and 3. 

It is also known that the uptake of solution molecules 

in particle free axenic culture, occurs exclusively by pino-
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cyt osis in the case of !;.• custellanii (Blowers & Olszewski , 

1972) . Further, the pl a sma membrane contains relatively few 

enzymes, there being no eviJence of active trans~ort of suco.rs 

o r umino aci ds (Korn & Wri cht , 1973) :1.ncl i s ri ch i n anionic 

sites. Bec~use of tte relatively small size of the HOCl 

molecule, it seems likely that ( .:: . ..)art f r om the ranote possibil­

i ty that t here is acti.ve exclus i on of the molecule) it will be 

taken up by the pinocy t osis durinc feedi n0 . The f ood contained 

in t hese memb r anous pinocytoti c channel s is then diBested by 

the activity of the enzymes contributed by the lysosomes. 

Initially the pH is acidic but then becomes p roiSressively 

alkaline as digestion proceeds. After dif estion, the usable 

pro~ucts are transf erred t o the cytopl asm and any undiGested 

resi due is lost via defaecation vacuoles (C!.apman- Andresen, 

197 3) . 

Because of the ~ value of HOCl, tr:e rnol t'lcule is affect ed 

by any cba!lGe in the pH. It is further known that at an 

al kaline pH, the HOCl molecule is rapi dly dissociated into 

the r elativel;',r har mless forms oci- + W. It rna,y be then, 

that HOCl is t aken up by pinJcyt osis , but then, is dissociated 

into its r elatively ho.rmless i onic fo r r.is , and that this 

accounts for t he failure of normal levels of chlori nati on as a 

clisinfectant o.cxinst these soil-omebae. 

4 . 2 The Use of NaCl and the Basic Dyes M.alachi te Green and Brilliant 

Green a s Potenti al Disinfectants for the Control of Primar;;: 

Amebic Meningo-encephalitis 

The involvement of pinocytosis can also be used to ex­

plain the effectiveness of NaCl, malachite gree~ and brilliant 

e reen as disinfectants since it is well known that both NaCl 

and basic dyes are active inducers of pinocytosis (Chapman­

Andresen, 197 3) . 

The amebicidal activity of these compounds is possibly 

due to a "pinocytotic overload" as a result of the induction 

of a permanent endocytosis. This would result in the rapid 

int ernal localization of lars e amounts of plasmalerruna which 

fonn the membrane linil'lG the endocytotic vacuoles containing 
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the disinfecto.nt mol ecules (Cho.i:>m a.11- And.resen, 1972). It is 

known tLa.t such rapi d utilizo.tion 0 f plasmclemma tluriw_; in­

t cnne en<lo cytosis requires o. different level ::i f renew<:?.l f r om 

thnt c f the l ow plo.Glila.lemn:.;. rcne;~al r::ite required i n l ocor:iot­

ion. Thus the level of s t:rf 1.ce r oneivc.l, which suffices tlurine 

10c0motion , is not nde4uo.te f.n the Dl!Jouut utilized clurinc in­

tense endocyto sis ( Cba;..>m'1!'1- /'.nJ r esen, 1972) . This wo uld result 

in the ra.pi d depletion of rr. em".:ir~e l)recursors, the end result 

of \·11. ich would b e that t h e ro.te of mer.iorn.ne renewal co uld not 

keep up with tl:e rate u f mer.1b r n.ne utilization, thus leavirl[.; 

the runebn. with no pr otective surf~ce membr:i.ne . It is f urther 

known tho.t the water- ex,,mlsi0n vacuole is also inhibited in 

pinocytosis, so, creo.tin~ an osmotic im~ale.nce (C.hapman­

Andresen, 1961). It is therefore possible, that the ulti­

mate lethality of these compounds Q.S disinfectants , mcy be a 

combination of 1.)oth the phenorn en:t of membro.ne depletion n.ntl 

osmc tic imbaln..~ce. That bv th salt ::i..~d basic dyes do affect 

the plasma .nem0rane of r:m ebo.e can l>e observed using phase-­

contrast microscopy , in which l o c . .)motion of omebae i s inhib­

ited, ::incl the me nbrwe truces on a wrinkled appear"'..llce when 

amcbae are incubn.ted in the p reoencc of subletha.l doses of 

these compounds . 

The ap. o.rent usefulness of salt as a disinfectant is 

somewhat limited hoHever, when it is taken into o.cccunt that 

s ome fresh- water _;:)ro t ozo.:::. co.n n.dapt to increasinG amounts c f 

salt. Finley (1930) succeeded in o.daptinc 21 fresh- wntcr 

species , which included members of the ' limax ' group to live 

in undiluted sea-water (3-4% NaCl) . The usefulness cf the 

triarylmethane dyes as disinf ectonts, on the other hand, 

appears promisine. Cerva (1973) found their effectiveness 

as chemo therapeutics to be approximately equal t o that of 

ampbotericin B. The results of the present study confirm 

-this for malachite (9:'een at concentrations from 0.5-1. 0 

)J(!,/an3 (Table XVI), but , in the case of brillia.nt green, 

effective disinfection was not obtained till a concentration 

of 1.5-3.0 JJ8/cm3 was used (Table XVII) . 
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Halachite Green 
(Basic Green 4) 

Cerva further found that with other dyes of the san1e c;roup , 

the c:unebicidal a.ctivi ty was decreased. by side chain effects. 

1ls yet t Le potentia.l u s e u f ba.sic cyes C1S disinfectants re­

r.minn t o be fully investi...;a.ted in field conditions . Judc;irl8 

from these prelirnin::'.I'y results, they should b e t,i.ven full 

consider ation due to their rel.1.tive hit;h lcthali ty at such 

l ow concentrations, :incl tLeir l ow cost. 
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5. Conclusions 

1) Tha t Sin0h & Das' (1970) taxonomic scheme fo r the classifica­

tion of the or der Amo ebi da b e r:enerally a.dop ted since it 

ap~ears t he most stable "..Ild repeatc.ble. 

2) Tha t T.:i.ble XXII l;ives a C·Jmpcndium of a.11 ass ayable characters 

enablin:; differentiation i:> etween t he pathoc;enic li· fowleri 

and the non- path05enic !!• l:ruberi. 

To.ble XXIII shows supportinG featur es which are not absolute. 

3) That the Waikat o isolates BH and BL originally re0arded as a 

myxomycete by Mandal ~ ~· ( 1970) , are strains of N. grub eri. 

4) That Naegleri a. posse::3S t he potent i al t o adapt to a wide 

rant.;e of environments and that the Qo2 value car.no t be used 

t o differenti ~te betwee~ N. f owl eri n.nd !!• µruberi . 

5) That ncrmal levels of ctlorination are ineffective neainst 

Nc.e{,jl eria spp. However, o. 8% !fa.Cl , 0. 5 p.e/cm3 of malechi te 

c;reen u.ncl 1. 5 JJ.C/cm3 of b rilliant l:reen are useful substitute 
I 

disinfectants . 
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Table XXII. Features Used in the Differentiation of !!• i,;,;r u1.Jeri ~ 

N. fowleri 

Test 

Plaque formation 
over 2- 3 days 

Gr owth at 45°c 
Fln.cellation at .~3° c 

Toler ance c f 1% NaCl 
incor porated into ll.[;3.I' 

A~blutination usi nG anti 
N. f owl eri ser um. 

IFAB usin0 anti 
N. f owleri serum 

N. c;r uberi 
( non- pa:tho::en) 

+ 

1 : 8 
1: 16 

1: 64 

small 

+ 
+ 

1 : 256- 1 : 512 
1: 256 
1: 320-1 :640 

Reference 

Plates 6, 7 1 8 
& 9 
) Gri ffin, 1972 
) Tabl e VIII 

Table XIV 

Te.ble IX 
Anderson & 
J wnieson, 1972b 
Van Di jck et 
~., 1974 -

Tabl e X 

I :el diffusi on 

1: 1024 
1: 320 Vo.n Dijck et 

al., 1974 

Fi[;ures 28- 33 
Vi sv esvru'a & 
Healy , 197 3 I 

Imr:iunoel ectropl~oresi s 

Cysts with O!)Orcula 

Vero cell culture ) 
cell- f ree filtrate) CPE 

Mouse pathoGeni city 
Growth in Hep- 2 cells 

+ 

+ 

+ 
+ 

+ 

Vi svesvara & 
Hec.ly t 197 3; 
vlillaert et al ., 
1972, 1974 -

Lastovice, 
1974 ; Sine h & 
Das , 1970 
Plate 2 

) Table XII 
) Plates 10 , 11 

Table XI 
Chang, 1971 

Table XXIII. Supporting Features Used in the Differentiation of 

N. gruberi ~ !!· f owleri 

Test 
N. g rub eri N. fowl eri 

Refer ence 
(non-pathogen) "(pa.thoeen) 

Formation of Centred + Chang , 1971 
Plaques Plates 8, 9 

Opt. gr owth temper ature 30°C 37°C Table VII 
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