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SCOPE and COllTENT: 

,Primary a;noebic m~ningo-~ncephali'tiS' (PAME) is. being . ~. ~ . 

recogni zed wi th increas i'ng 'freque.ncy throug'hout t~e world • 
'. '. 

, , ' / 
since its initial 'discovery:byD'x:. M.'Fowlerin 1961. The 

- " " 

disease. which has' been fatal, inaXl but t,,·o reported. cases • 
• < 

"" is m~diatedby the :amoeba~f!agell~te, '!laegZcria , which ent~rs' 
.I ' 
NacgZcr£a,wa~ con~ 

;>ldered a frce-liVings:~prop~y~e,unti1the discpvery of PAME. ( 

As of 1973 , no PA.'1E ',ca.ses had, been reported in Canada. 

and it, was not known whether this was' due' t'o incorrect diag-
. . '. v _ #. \ 

nosis ofmcningitis cases , h0st.ile cl'imatic conditions that· 
, " 

" . . ',' , . 
precluded ,pathogenic .... (l,1g Ze ria growth to infective 

'complete,la'ck of pathogenic strains in Canada'. DX 

NaegZeria is 'easilyisolat<;lble from soil and fresh CD 
"I ' " " " , 

wat~r so~rJes and, consequently I' a:: search for a p~tho~'enic 
. ;," ::::-. . .. " ..... . .' . \ . 

st,rain, waS uildertak~1) in sout.hern Ontari6. Onlywate~1 acces- , 
" . ~: 

sible to :"the ,public, was 'sampled. A grossly, polluted 
, ' ~', ,; , ') ',' ,) 

Yie'l~ed a pa,~nicsi:r~rn capable olf. producing PAI1E 

" 

canal' 

w!len 
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intr~nasally ,'in troduced in to tes t.; animals. 

,A'comparative, analysis was carried out using ,the 

pathogenic strainan.d'three other isolates selec:tid for 
• f . ,iJ,' 
.'. - . , .. . \ ' :'.' 

,diversity of na,tural -environ:neht and/or· non-pathogenis:ity. . - ." , 

NB-l,.a non.,.pa thogenic laboratory ,'iacg ~e pi a long used asa 
'-"\,' , . \. /' . 

tool for the, study of cell 'differentiation. was usee 'as a' 

standar,d. 
, 

The cultural needs:. optimal' temperatures ,tor growth. 

the doublin'", rate. temperature tole:t;ance~ rate of transf'orffi,-
\ 

, ation 'from ,amoeba to fla~ellate. effect, of"sub-lethal he-a!; 
, ' 

shoCK during this transforinatlionpr.ocess.cyst survival . ... .' . ....., -'. 

. ' 

ability. resistance of amoeba'e and <:;)rsts t,o, desiccation with 

alcohol, and soap solution~.' aswell.~asvariC?us morphological 
, ' , 

\ 

meal<.urements a,nd' taxonomicobserv'ations"of the amoeba. flagel':' 
. ..',.1 . . ' ... ;.' . 

• .... ',_ J • _ i 

"j late ,~nd /cyst, phases ~ere .determined fO l the various s,trains. 

Th~most disti.nctive and consistent feature found 

within the five strains. was the thermophilic n~ture and 
.' . . . '. .' ~ 

temperature tolerance of the pathogens.' Non-pathog~enic 
, U 

st;r.aib~· fai;J,~ to ,thrive attemperat:1,lres ~bove no'rmal bo~y 
t'elllPera~ (~naddition .. the cyst w'a~,~~ ,of the most viru­

lent pathoglndid nO,t have distinctive p6res, a feature 

normally found in lIacg,ZJ.!:liia. 
. . ;'1- . 

Experimental' paUrologictestirtg of the pathogenic 
," 

.' .,. . 

strain showed a oosi,tive relationship"between inoculum. . ' . 
size and fatality rat-e. Tests showed,that the ,rate, of 

" '.; iii 

-' 

, 
, 

, 
< 
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, . 

intracranial infesta'tion wit!) J l..,-,.iiI, exceedea' th'c m:mber 

of individuals·l~t. su~cumbcd to the disease. Also~' some 

m,icc that app,~ared to be near-dea:th from P,"'!·!E were capable 
~ 

of recovering. .. . 8 

,.',;-

'The virulence of the pathogen was not affected by 

I:. he media llsed forsub-culturing'and'th~\age of l,h'e.,.test 
;' • \1 

~ni:r.a15 h~d li,tqe .eff-cst on the fatality tate. 
" 

The pathogenic strain dc'monstrated a virulence and 
I . ., .,'1'.".'":,, . I -. 

;Survival time (Le.', per;J:od from"time 'of inoculation unti'l 
! ' 

dCi",thfrqm PA"l;'l,. that correlated wellldth studies conducted \ 

by othcr,inves~igators'u~ing ~athogenic ~a2gI~ria.isolated 

" dir;;'ctl:i f~orr, )'l.!'IE ;"ictir.:s.' 
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1. '. INTRODUCTION 

,_,The amoebo-flagellate, llacgZc1'{a; has long be'en 
, ..... , '" 

, 1 ~ 

U~bd as a useful tool for the study of cell differentiation. - .' . 
. . 0 • '. . ,_ 

TransfoI'T:Jation of arooeboid- to f1'age11ate-form is rapid, 

synchronous,and reproducible with a brief latent'period during 
. . ~ ~ '. 

which all special~Z~dcomponent,s ,of' t;he ~lagellar :,appa;atus 

arc structured ac' novo (fulton, '1'970). 
, . ..' 

'Within, 'the past few years Naeg Zc r-~a spec~es 
;,..:-\ 

a'1so 
. . . 
bo:>cn identified 'as facultatively pathogenic org'anisr.ls .,(nom.ally - ~. . , 
free-.l.i ying 'but capable of infecting hUm~nsl, and is, the agent 

re'soonsible forprirnaryarooebic Meningq-ence'phali tis (PI\HE)' in " .. , . ~ . 

~man. Pathogenic strains.of,:laegZcZ'{a are found in a wide .. .', '\.. .. , 

, . 
variety of~ habitats. 

I ' 
T,he pathogeri enters the host via a naso-

~ 

route~ 

,'iaeg tcZ'ia t I:\eningo-~ncephali tis in North /\merica,· ~o .date n.one 

l1as .been ~eeorded ·inCanada. This"may .bedue· to our climatic 

cond"itjons wnichwou1d, not normally ,favour rapid proliferation 
, ~, ' 

of pathogenic anoebae' or. it might poss.ib1Y.be due.' to lacY., of. 

knO' .... lcidge in identifying amoebae infestation a~ the primary 

, cause ~Of, death in' mc:hingO-'eilceph~li Hs caUo~, the third 

; pos'sibi lity, pathogenic strains may 'not be' present . in Can~da. 

/ 

" > • 

. ~,' 

•• 1 

' . 

f 

'j:" 

. . r' 

, 
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• 
" .... 

I· 

. , 
At prcie~tther~ i~ still mU~!l iIi the 

. scientific journals over the -correct noJi,e' claturc to be os--
. . - -.. ' ... 

,. ,." " "- '. . - . 
signed .to.>';<:c,.l,;"l'::a am.ocbo-·fl'agc~latcs, 

c· 

,'" ~ . 
purpo~c ·of" 

, . 
';' 

o . 

, \. 
Class': . PJlizoooQea"-vo.n. S·{.:.:bold,18<j·S 
Subclass: .Lobos~a"Cq:+pe.nter,· i86l 
Ord~r·:. t'\r.1ocb ida i.:' !:r.irt, 1880. .' /. 

, " 
.' . 

FainH'" Vahl!:arr.pfiida~, .~onpS, 1917 /', '. ." . 
. 'Gen'us~ !,<:cJ :Cl'[::, Alci..xieff, .J.?12; ,'emcrtd, CalJdns; 1,91'3 

.' , .~...' o. • 
I .. -J " 0 . • '. '.. 

. rhere~arc ,low· two recogniz~d 'species;' !I,.:gr:<il~1'i,·. 
. ". -. . . . - .. 

. 
, J • • ~ 

. ," 
/'(Schanlingcr, '1699) and ,';, f:O:JZcl'i. '(Cart~r, 19.70). 

. '. • 0 . . . . 
. ' .-. . . '.., . :-" ~ 

"'as nilr.!cd for, Cr:: !,I.Fo,·:lcr ,the ~.i:~st ,to ,dia'.lt:osc· P.)Yl-;!5:t.: 
- . ,", ~ ,I ". ! " 

". a ,hUman ahdisol~te 'th'c' cilu;atIve amoeba. 'This sp~cie5i is 0 

- ~: .. , , 

not: inclu¢d, ir; Pagp; s ,cla'ssifi~il:tion· . 
. - - .--

As ~ndicat'eci~). :hcre arc now" tvior~~ognize,d.' s~~Q>'.':~" 
'J;" ;"o~'ZC!'~ <"nd ":", g·""iJ.<r(." Chan'g' (19.7'.1) nwned hi~ pa&.·o·c:~·n, 

. "r'· , , 
q ',' ',. -, ~ , ' ~ . 

whileSinah 'and Das (1972a) us'e·the - . t.erm N .::-·.::e" ... ·t;~,.~:": 
;' 

btftli t isb~ lie.~cd ,that :hey are a11the sar.',c spcties and, 

therefore, Cart.tir'.s nomehclature .. ·bcing· of an. e~rlici date; . ,. . 
.. 

, 

has ,priority.. .?~ccnt fi'ridin,js ~u~.gcs~_ .. tnat, there .x:ay be 'irl~E:..=-"~,,,, 

nediate strains belHcen the-pa,thog';tiic dnd non"'pa'thc:lgcnic 
, - , - - -!". ' .. ' 

" 

'T'.h,'c'<.'." l.·~te-c ... '; ......... e st'r:'l.~""s ·~1-.'l·C"" ~, ... ,.~ '-"I"· .... n ;'~ .... latr~·(~ ... .~ ................ u... ~, .... _~; ',. b". _ ••• ~~ .. _ ~i.J __ • _._ ':"" ,._ ,"' 

fron! the 

3,' '. '.. 
I ' .', ',' 

envi'romr.,cnt,. 'arc, s~rologi'Ca:ly .identical. t.o N, .!'9''"Z,P':' 

but, show ~a'c,atlyreduc(:d er n:o. pilthogeniCi ty fpl' ,laboratp'ty , , " 

. I l _.' ..., .. 

m~ce . {Anderson, and J'l.o::ies,on, 1972al.' 
" 

Not' only ':'i5' there/some' c9Wfusion over the n·o~,encl.i1~ur.e. 
'" '::":'<, , - . . . ... . ~ a ' " • I . I 

but ther,cl.s alsor::uctl: debate ov(!r tl~e .cxilct chClru'cteristics 

of NaegZo,ia spe.cies., ,s6~c. featurcs~ i:TC co::;mon to. all stl:<Jins 
: . " 

and ,~hcsc include t!1C follC\1ir;g\ . , 

.. ' 

" ' 

, ' 

. , 
, , 

) 

. ~ 

.. 



3 
. ". '. ~ 

',' .. 
.' :" ," 
'" : -.J 

· division and't,h'is il'i i:harac~te'rized by intranu7Iear .karyo':'. 

kinesis, a orocoss whereby thl'! nuclear rr.embrane and nucleolus 
a., .' . ..' • ..." ". '_' , 

· f~;il t:oc;lisappei'~r d:\l~ing division; the ... am~·ebaeral)g", fromlOpm 
, , . 

to 40'\lm in lC.~9th, possess .'lobo~e·· pseudo;odi;, a distoinctive 
· " ~ - . 

nucleus' ~i th'u prominent inucleol";s; 'and, one 'Ot more contracti Ie -. j 
• \ ' J 

vacuol~s;' " the amoebae' under' adverse' ,c.ondi tions form· round;' 

dou::'lc:-wallcd cysts ,.rarigirig .from 6J1i,:l to lBllm' in../ diameterattd" 
.' .) il. . . '.' .' ~ 

.cxcystmen,t may' be brought about by providing a sUitabi'e nutri-. . I . 
cnt source; if suspeJ;,de'd in ·.an aqUeous environment. "the amoet>tle' 
.' .: ' ,'. _.: <l 

will readilytrimsfou.; into 
· . " . 

:;I'"cytc~t6m("~(mouth parts) 'and 
~ ." - . 

a' fla~cl1atc:& ferm ~Ihich'la~ks a 
-: ~ . . - ." 

usually 'has'two 'antertorly .. ·placed,'·· 
" . Q'" ~ , ~,'.'. . ' 

equal f}agalla but may bave m~re? ·~heflagellat~s. arc trunsicnt 
'.'\' 

and 
> Q.' • .' .• ,. . ~. . " •. .,' .. 

re~Gr't! te. the'arnocboid-form ~,Fulton, 1,~70:/page; ,1,967) . 
" ~ 

Many ilttempts: ~a.,e been·tla .. de to'dcfinitivclych,Hilc.t:':' 
" 

'.' 

Pace .{J,967J 'definces N:::"Jr.~Z".r'Sa as· "all ':>c·.o",O;."" 
. . I" .' '. '. ." • . .. ' . " '., 

('rizc th'c gc~us .. .4 \ 

with the ·pr~l~itotic~atternot':nuclear division' and with ,)ro-
, 10 . '. .;' . , • ...;... .• ':," ':. ,: 

· ducti.on. of a temporary biflagellate phase lacking: acytostO!:lC". 
..' .. '. .' . . 

·;rultcm (l970l's~ys' that"promi'tosis', is. a misrlomer ',;hen appl'ied 
.~.~, ..... ,! '~ .. p "~,,'.I... ~ .. ' . " .. ' .'. , '~' ..... ' 

. . (to ;kf!".zi<'r~~o,dl·nslon and. ri).ther l:t sl,lould be descnbedas , 
· " . 

.' . 

·Jntx.:iinucl~armitosis ~ith persiste'nt' nucleqlu!'l".'which he<terms 

'" in·tr.:inucicar;;aryokine~is. Sc;'agZc'r-ia species' a~e.ri0t neces:-
. '.' . . • . ro,. .. {. , 

'~rilY bi~l;"jcllai:e but. rather may undc:rgo~ change in flas,elh:..i:l 

number d\!.~ '1;0 ploi,dy' change oi:adv~rse' 'conditions that' a'ffect 
, ¢ . 

· the ftagellum s:{nthcsis. s,tage (Dirigle';, 1970); Otilerstrains' 

chatact;eris;'icany havc. some. ·r::(,J'r'.b~rs in the 'flagellate ph;!s:<:! 
. . . . ' 

with.c;reat:et.>th~n: t·':;o flagcll.~'. '. Odd ',;nl,nbcn,o .may be due to 
. .'. ,n,' '. . , 

,' .. 
a/I .. , . 

. , 



.' 

loss of . one flagellum or an abortivcattempt to fprm two-;' , , , 
In' any' event, flagel~wr, number: c:~n~ot be used ''as a strict , . . . . . .~., 

generic criteria (Fultbn, 1970; Fulton & Dingle, 19671. ' 
, '. 

4 

Fulton', (1970)' lists th~fol1oJi~g ele~ents as' essentials 
. .... . ..' . 

for clitssiUcation- within the genu; .'Ic.co Z,,1·ia:" (a(:intra-. . .' : - - ...-. .' ~ /.(. ,";- : 

nucle~r mi tosis .... :i th polar masses'.anda~ interzonal body, 
! • ~ 

(b) cysts with. several ,preformed -po.res 'through which the ,amebae' 

. excyst, (c)' temporary .flageliates with about {2 anterior an,d 
'. . .; . , .:-;.. 

~ 
i 

" 

equal flage,lla". .Ho.wever ,Page' '(1967)repo,rts, $Pati:n.~-en':'onal 
/ . ..' t'· .."" 

bodies are not invariably present ev.cn· in oryEf. i';'I?~cies' of 
• • • .. I . "_ '. .. : 

.'i""·,g.zcl·;'a al-though this cn,aracteristichas ceen u'sed in.·the' ," '. - ", 

past as a, di;;::noitic', ~OOI (Chang, 19~ ibid .. , 1970; Singh, ,19~2). 
All .';a';'.Ci" ,.:: c. form cysts but there is rmc d~!:>atc as to ~lhci'ther 

• ". 't 

all pathogenic strains possess pores and/or 'plugs jn ,their' 
. i 

cell ""alls .. (Carte,r, 1970; Culbertson ct (,!!., 1968;' Sayg~ c= a ~., 

19731. 

!laaf; !cria may be found frOl11 the'. Antarctic to' the I,rctic 

and a1thoush u5u<l11y fOU;lC;l at the surface of rich soil, it has . , '.' '. \. 
bebnfound at denths of .~ix meters (refcrencc in Fulton, 1970). 

Frac:tically <lny )resh ~lat~r source w.ill- yield :iacqZ-;"1'ia strains 
t '. I 

thOUg~;ea "rater is,a hOSltile enviro~~t (Pace, 1967;'Cartcr,' 

1970). >Pathogenic st~ains appear. to .be .,ore res'tricted> b\lt 

. have' been isolatdd from sewag'e sludge" (Singh &. D'as, 1972a),' 

.. '\ 
) 

'. { 

. . ' ' , .... ' ,-. 
tap arid super-ch1orira,tcd swill'llling pool waters (Anderson & .. '1'. . "- .. 
Jamieson, 1972b); soil samples, (,\ndcrson , Jamieson, 1972c), 

~'-, 



\ 

. -.,-
• 

and lakes (Butt, 1966). The'l.?reponderance of this particular 

, 'amoetJa (Pi).~hogenic and ~on-patl\geniC)ityfr~Sh water habitats 

was demons'trated by Jamieson and ,Anderson (l973) who isolated 

130 strains of-.'IG.cgZer£a from 400 water samples and, of these" 

two,were pathogenic to mice. 
'. . ' ' ' I 

Most strains may be' satisfactorily maintained' in the' 

laboratory' using gram negative bacteria (e.g., Et:cn':;l'i.cnia' 

cC'ti:~ ·/l~rcbact.el' ael"?flcn.ea, -'etc.) ,as the nutri~nt· source .. The 

,life cycles of liai?9 r: ria species fn ~h~ir ~atural hab! tats is 
, ' '. ' ' , /: -

not kno\,n and may well vary from that found under laboratory 

_ co"nditioTI:y. 'Since it is now knO'.,n that ,'Iacglcriacan invade 
-, . 

and pr:oliferate on meningeal tissue' and other cell debris" i:t 

'is conceivable that suitably adapted species m~y thrive" in a 
~ y. '. . 

• 
number of di ve:::se environments other than, the normal soil and/ 

6i ~atcr habitaUs: , 

COMparison of Pa thogcn"ic and :lon-Pathooenic Cha racteristi cs 

As with most of the 'literature concernlrig ::ac[!rCl'~a 
" ' 

.. • 0 • 

there is a diversity of opinion not'on1y'on the similarities· 

but .on th,e di!ferenccs found between the pathogenic and non-

:pathogenic strains., 
': . 

(a) Nutrient'source 

" As mentioned previously" ::acglcria will proliferate "'" ' , 
on ,gram negative bacteria. In the wild, the amoeba, prob"ably " 

feed on faecal bacteria found inorganic matter, sewage, water 

o,r moi s t "soil. ':;. ,fo~'!c r;' is 'more fas tidiotis in die t ;',;h{,:1 grol<n 

... 
""" .' 

~ 
() ... 

) 

~. 

" ) 

~' 

1- '~ . 
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under .laboratory conditions. The original PAHE isolate il'1 

~usttalia proliferated on.l~ on plain agar seeded wi~ l~ve 
E. coJi (Carter, 1970)., Anderson and Jamieson (i972a) have 

now 'gotten this same isolate to grow axenically on' an agar 

medium if ·f:. coZi are heat killed' at 60 0 c for '1 ·hour. Carter' 

(1~70) found' that 0.5% NaC1 in 'agar completely inhibited. 

growth and the amoebae disappeared. Van den.Driess~he (1973), 

however, grew'his isofate froma.PAME·Victim in. Belgiulrion 

O. 5% ~al t media .P·athogcnic strains ,have 'successfully been· 
. , 

.97Own in liquid axenic cultures (Cerva, 1969; Andersort f,l 

Ja~ieson, 1972b). 

The general consensus appears to·bw that ~he non 

pathogenic strains '~Iill grow on plain .or saline .agar (P .gel 

1967) whi Ie. the. pathogenic strains' are much more .success·ful· 

on plai~ agar (Carter, 197.0; ibid" 1912;. culbertson, 1970; 

Culbertson Ilt.~Z.., 1968; S·ingh. & Oas, 1!l"'i2; Jamieson & Anderson, 
• 

19i3;.Butt .It o.Z., 1968). The liquid axenic culture metlioc, 

becauseofi ts deiinEl,d components, wq'u1d'be .the idc.a.LJnedi.u,"Il ,;J 
. . . 

for gro·.;th, biochemical and in:munol~ical studies (Cer';a, 

1969; Fulton, 1974). HO';"e"er, establishin9 amoebic growth' in 

such a medium .~s often. difficult and time consuming. and not 

suited to ~. short - term study.sucnas -~.IY.l~. 
I 

(b)' Temperature Tolerance and RanQe 

Tempe~atur~' tolerance is'perhilps the most striking and 

consistent difference found between the pathogenic and non-

-".'. 
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pathogenic varieties. All pathogenic strains can tol,erate .'\> 

. . . 
and proliferate at tempera~~res well above normal 'body temper""' 

ature. whereas non-p~'thogenic Nacg{c7'ia may manage to grow 
. 0 ...' , . 

. at 37 C but · .. n11 notthrJ.ve. Temperatures several degrees 

below normal bod~' Itemperature are usually, optimal (Ful·ton. 

1970: Griffin •. 1972). pathogenic varieties survive' at room 

temperature but 'grow slowly ... Carter (1970) foun.:d ·that placing 

ll.' fo» l.C7'i, amoebae at \~pera tu~es cfO 0'-4 °c for. periods less 

than.16,hours rendered them non-viable. Pathogenic amoebae 

'. 0 1 . 
can survive a,t 46 C. we 11 above the highest 'human fever 

(Griffin. 11"2). 

(e) Cy,t ~rvival • , 
" 

. ".' 
'I 

Pathogenic strainl cysts are not resistant to frcii::zing 

or drying but can survive in se~ \o:ater (4% 'NaCl) \o:hile the 
. I . . . - . .' 

arnoeba<:!.cannot. The cys'ts can. however; .be stored on a~ar . 

plates and kept in a moist chamber at 21oCrfor periods 'up to.' 

and possibly exceeding. 18 months'. lfstored at _.15 0
• 40

• 

or 370 C the cysts bec~ine non-viable after two )!lonths (Carter. 

1970,). I;uma' ~ ~ al.··(l9·69) dried and stored PJ'o.}!E iso1,l.te ,cy'sts 
• 

,for a minimum of 23 months. Non-pathogenic strains' have _been '1 

!. , ' '. . 
o······st:'otcd···f;or··cxten·si-ve··pe-hods of 

Fulton (1970) reports that N3-1 

storage. 

.' · ... Tot 

. .:. 
." / 

time, on agar ,pIa tes. or dried. 
1 

cysts have survived seven y,ca'iS' 
1 

... 

• , 

~ , , 
/- . . , : 

\ 
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(d) cytofogy 
l. ',' 

PatlJo~enic strains have dumb-bet 1 , shaped m,itochondria 
. ", . 

" 

, , 

(Hartinez et aL -1971). 
. .' , . These findings concur wi th Carter's 

(1970) who described the mitochonaria as' "duml:i-beli" shaped', 
-' 

~altho\!gh,t'ruly cup-:-shaped and oval forms are seen occasionally". 

The.,endoplasmic reticulum ,is le/ss conspfcuous in the pathogenic 
.," .) 

strains and not closely ap~lied to the'mitochondria (Carter. , 

1972)'. 
.~~ . 
• 

The nucleus dia,JJleter ofpathogen.ic and non-pathogenic 

strains ranges from, 2. SlJrn - 5.'Spm (Page. 1967; Cart~r.,.i970) .. 
. but may 'oe a£ small as 2.6lJm '(Cerva et aZ., . i96'S'-' , In .the 

. . . .' ~ 

. cyst stage, the non-pathogeniC strains 1fave a nuclear d~ameter 

, 'ranging from 3.3;;m - . S:Z"m (pa/, 1967) while the p'athogenic 
.: . ~'. . 

." '. "., .' ,- .. 
/:. f'o:J!cr: cyst has ,a ~n, nu~leus diarnetcrof,l.S\Jm (Carter. 

1970). ' 'The ,cyst riu~l~'ar ir;~anleter is snaller than eilthe~ the 
, '", .. , . 

amoeboid:" or flage'llate-phase nucleus. according to their 

"'findings., Carter (1970) reports a mean nucleus diameter of 

2'~~ in the flagellated t'i. {oded oecies, .which although, it - , . 

i 5 lar~er tlvL'1. the nucl "us' di=.ej:er o~nd in the cyst i'sstiH 

!;r:t<'!,llcr than'th'll generally found in t e il,'lIoeboid form. 

There are usua,lly twotlagella, 'proximately 121Jm -

lS"rn long, in, all speCies during flagellat' on • . ' 
W,ithregard t::o cyst wall structure, Carter .(1970) 

claims "i>orcs andassoc1ated plugs ~re' not seen" in' .the patho~ 

genic strains. Otherinvestigutors' do not .insist on\ the' absolute' 

l<lck of ,pores but rather' have found ,that pathogenic strains 

,0 ",.' 

I 
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f,., ! do possess pores but not in as gl)eat, a number: as found in 

t 

f , 
I 
r' , 

the non-:-pathogenic strains., For example, Culbertson et aL 

, (1968) found "only a minority of.'. them have ,the pore-tike 

structure filled with hyal~ne or 'stnicturelesS',substance"; 
,', I 

Duma at ::L '(1969) 'reported tha,.,t "their walls ,are smooth and 

contain several apertures·; and 5aygi et al. (1973) found 

"occasionalporcs in the walls". 

There seems to be' Ii ttle disagreement cOrlcerning the 
',;" 1 ' 

presenbe 6f pores in strairis considered 'at present to be non~ . " 

pathogenic, 
. '. . ~1 

The cysts usually possess fr&n two ,to ten pores 

containing Iplugs' (Fulton, 1970; Page, 1:967) although Chang, 
.. 

(19~8) reports "one or two ,but rarely three pores per cyst". 

.. DU,::: ng ,cxeystr.lcnt the amoebaeieave 'via these pores 

"''-)t pc:,,:il,lj' theC'jstwall is ruptured during excystment ,in 

~::e pc:t,cc,s",nic strains ,(Carter, 19.7,0). Carter feels that 

th~rnost di,stinctive feature of N. fowl~ri is the ~str~ngely, 

C:::;Jty, non-nuclea ted cysts that, appe<).r to be intact and alive, 
,I 

,b~t;lrcnon-'Jiable on subcult~re·. , , 
,tel Dir'c:,~:icr.s 

Great variations occur altong isolatesalJd even betwe'em 

reembers of a particular strain. Huch of the size difference 

may'be due, to the nutrient source and incubation 'temp:rature. 

Chang (l95S) foun~,that 1/, ,gr:.oenlnea,sured dir~ctly,frorn river' 

water san:ples had a diameter' of 22\lm bu't after. being ~rown,ir " 

. the laooratory was only IBpm. ,The 'l!leasurCIT<(;nts of SOir.e pathogen~c 
~.' . 

" . ' 

- -

• 

, 1 
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amoeba isolates are-as foil1ows: the Australian isolates 
\' , " r have ranged from' lSlJm-30um, (Car·ter, 1970); Cerva at ar~(1969) 
t ' ' " ' .. , 
! •. ~, . /', 

t .. !i)Czechoslovaki;a reported amoebae with, a mean length of 
:. . . . 

7.4um; Saygi, altar, (1973) in Britain isolated,amoebae 14.4\.l~ 

x 2~; B\.lm from a PAJ1E casel' whi Ie, in the U. S. A., isolates 

ranging from l'S\Jm to, 40um have been repor,ted (Cotter~ 1973; 
, ' I ' ' , , ' 

Butt, 1966) r, Non-pathogenic N. [Jrub(!:r'~ average 14.Sjlm-33\Jm 

when elonga'ted(P,age, 1967) and, 10um"-20\Jrn in diameter when 

rounded (Fulton, 1970). All species ~hile in elongated loco­

motion: hal.<c a general length: breadth ratio of approximatl;!ly 

3: 1. 

The flage11a'tes range from 10.\1m-29um ,(average 17,.SlJml 
, ' ': .. 

in. length ,for the non-pathogenic strains.H. fO:.Jral'i. h,as 

bodily "'dimension~ averaging BlJrn x l?lJlII. Flagellates of all 

strains "are usually fusiform with two anteriorly placed C 

',flagella but =y be rounded or may retain' the amoeboid shape 
I. 

'in some cases (Carter, 1970;, Page, 1967); 

lion-pathogenic strain cysts' range' frqrn 6;O~m-iB.OlJm 

in di,ru=.cter (average 11.S·~1 while N. fouZcricysts have:'i\ 
" '-1., ' 

mean diameter of 9'.OIJm (page~, 1967; Carter, 1970). The iso.late 

from a ,PA.~ caSein Britain had a mean cyst diameter of lS~6;;rri' 
~, 

(Saygi et aZ., 19731. 
, . 

It would appear that pathogenic, and non"';pathqgenic 

n aeg ~e r,iastra ins ,can~ot be ,dist.inguishoa~ ~r size whether.- in 

the amOeboid, flagellate or cystic p,hase. . '. ; . " 

. :-'." 

''" J' 

. ,,;. 

. : 
, ) 

• 

, 
, > 

> , 

, ' " '/ 
~, ";', .. 
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TABLE I' 

. - ~ ':" " 

, ~ , "SUllllllary., of Pa~ogenj.c and Non~path,ogenic Naeglerladiarac~er1sd,cs* 
, , 

, , pathogenic " Non-pathog~nic ,,' -: " 

'" . , 
,'Feature 

, 
'il) Nutrient requ'irements agar 

\ 

Plain," agar + live bacteria**ala n or saline 
Axenic culture Axe ic culture . ~ . ~ 

-°"10 • 

b) Temperatur~ tolerance '- <460C '. . 310 c . ' 

c) Cyst suivivaltime" 

d) Cytology 
"'mitochondria 

y/ 

~riuclear diameters" 
amoeba' , 
flagellate 
cyst 

-NWnber of £lagena 

:'Cyst wall structure 

-Excystment 
, , 

e) Dimensions , 
~amoeba length 

, ,-flagellate, length­
, -cyst diameter " 

, 

• 

>23,months (@21oC) ~ '. , 
,~2 months (@~lS, 4, 37°C)' 

"dumb-bell" shaped 
occasionally. ovoid' 

2.6\lm;"S.Sum(range) 
211m (mean) 
1. 5um (mean) 

~2 (12\1m-15um length) 
" -. 

,Few if jiny pores * * . 

Rupture of cyst wall** 

5\llll-40pm(range) , ' 
lS\lm (mean) , 
9.0\lm (me,,:n). 1" 1'5. 6\lm(mean) " , 

·See p~r:eceain9 tex~fOr, dpti\ils and refer,enccs 
'**Dat,a in dispute 

~ , **'*Not' given ,in u.t,erature 

';' 

7 YGars ' 

ovoid 

,2. 8\lm-5. Sum (range) 
-*** ' 
3. 3\lm~5: 211m jrange) 

=2 (12um-15\lm length) 

'2-l0,pores always prese'nt' 

via, po'rlls 

, ' 

,1,4. 4\lm-33\lm' (mean 
17.5\lm(mean) 
6\lm-18\lm' (range) 

, 11.5P J)l (mean) 

rang,e) 

• 

. - ~ ;' 

.,.. 
~ 

", 

,~~~, 
\ . ' 

l' " .... ,uVtl\.. • . .1, .1." ·.v"' .... 'V'\I 
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Ilistoryanc) DeScri!?tion 'of Prirnaryl\mocbi'c Hening~::'i:~ccchiJli tis 

The~rimary amoebic mcningo:-Emc~phali tis' (~AME) 
.' , 

was coi.n.ed by ,C. G., Butt (i966) and d~cribes.,'-.i:nfecti{)n C!f, 'tne 
." .... ,.' . - . -.""., 

central l1erJlous system in hUman beings ,due to~ee-'-li ving , 

amoeb~, ~s disti'nguishedfrom rare' sec~ridary invas,ion, ofthl " 
. . . . . . . . 

;., 

with increase~fr~quency and ~~pe<;tl;"s to be world' ... ide. ," 

, In 1.957 ,C. G. Culbertson found anagen,t th()ught to be 

a simian virus i"n a'primarymonkey tissue culture which ,caused 
. . ..".. " ' •. '.~. f ',' . 

the deaths of mice and mOll,keys after ,intracere.lrral injection: . . ., "" . . ' , . ".r.. : 

At'autopsyhe not'ed live, motile amoebae. Intranasal, ino:-, ' , 

, , 

culation of mice wi th thes'c apoebae pr;'duced mcningo-enccphA'lili$ 

and Culbertson atthis'time suggested that a similar 4isea~e 

migh,t.,be, founq in hum?ns (Culbertson,. 1958; Culbertson e t aI.,' 

i959). 
., .'.-' 

This ',resear,ch led 'to 'the first human diagnosis of 

Pl .... '1£ in 1961 by Dr .M.Fowler in Australia -<Fowler. & 'cart'E;r, 

1965), followed shortly by a casein' the U. 5,.A., (Butt" 1966) • 
" , , ' .. ~ 

As of the' end of197i'" 'Close to 100 case~' of' PlIMEhave been 

all but twq of these have proved 

fatai. (Cotter, 1973). 
/ " 

Approximately one half of, the kn'own .PlIME·cases have 

been diagnosed i~ retrospe~t{DOs 5ant()s, 1970). Prior 'to 
, ., . 

1965, cases had be.en identified as varioust,ypes o('v-iral or, 
" . . . ." . ~ 

bacterial meningi til; or, as in one case from 1909, 'meningitis 
, . 

carcinomat,osa' 1969),. 'PlIME resetUbles fulminating 
./ " 

, ' 

'/ 

! . 

• 
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bacterial meningitis but,the ,PurUIElnt 'cerebrospinal\fluid does 

not contain pat-hoge,nic bacteria. ,The lack of,oacteria in the,' 
" j.' • 

fluid samples does not necessarily, alert the physician or path-

.ologist if antibiotics have alreadxbeen ·adminis"tered. To 

di fferentia't'e between PAME and other ,meningeal diseases, 

,Carter -(19.72) 'recommends microscopic examination" of'1w~t mount$ 

of cerebrospinal fluid. The live amoebae are highly motile 
, , , " , I 
and th~. fo~ation of pseudo?odia ,help in, i~entifying ,them from 

otherho~t cell ,types. " Others have foun.d the amoebae extrcnfely , , 

,difficult to discern in the {luidsamples (Apley 'c,tal" 1970) . . . -..;"' 

and recommend culturing the. specimen on plain agar plates with 

live, f.'z c';wl'i en ia d'c;Zi at nOc. ' This leagsto a minimum ,24 

hour delay in diagnosis. hlthough- the amocibae-na17e a large 
• 

nucleus with a distinctively prominent nUCleolus, they can 

easily be mista,ken for ,gitter cells in stained brain tissue 

preparations. ,Only, if the ,pathologist 'is aware that there' 

may be amoebic infestation is there much l.ikclihood t.h,at the 

trop~ozoites )o'ill be noted (Sywners, 1969). Cysts are not 

found in ." the diseased tissue. 

Pl,xE' appears to be, worldwide andcas~' have been I 
~ , 

re~ortedfrom Britain (l\pJey 'et aX" 1970), the, U.S,.A~ (Butt, 

1966; Butt et a 1" 196B: Callicott, 196.8; Callicott ct aI., 
I 

1972a)" 1968;' l>atras i. And~jar, ,1966)" India (Sin'i/hr. ,Das,' 
,I 'J,," , 

den'Driess~he, 19731, 'and c;zechos1ovakiaCCerve. Belgium" (Van 
" 

',~Jovak, ·1968; c:;erva' et: aX .. 1:968)'. Epidemics have been 
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reported in some of these areas. For instance, between 1962 

and 1965, sixteen cases were traced to an indpor heated swim­
I. . , , , ' 

ming pool in Czechoslovakia (Cerva at al., 1968), seven 

died in 1950 ·and 1951 in Richmond, Virginia (Callicott, , 

and certain areas of Southern Australia may be s'u'ch that the 

diseasei~ endemic\t~'~eregiOn {car~'er, 1972/ J~ieson' & 
.' 

I , .' £ 
.j\nderson, 1973).,.,·,fi 

, -,,~;' , ' , 
\.: .: 

, ",·t' Patien'ts often . t, . 

> 

give a history ,of swimming in fresh 

or brackish water and the p~rtal of' entry i~ the majority of,' 
.,' . . ." .. 

cases would appea-r' to be the nasal mucosa. In Australia, 
, ' . 

hO'Never, mos't of the PAME ,victims had either not been, swim-
, ' 

ming or>.}had done 'so ,in salt water which is amoebicidal 
. .~ 

{Carter, 19721. Some'of them had beenk~wn to complete;ly 

'submerge themselves, in ):heir bathwate:r or other fre~h water 
. .' . "'" ',' -' ~ '. ~ . 

sources. 'Aft,er the appearance of the disease, pathogenic 
, , . 

Naeg'Za ria ""ere,isolated from the victims' residences,' ane' 

neighbourhoods;' i.e." chlorinate'd tap water, bath ,tub drains', 

Io:atering tro~ghs, ~tc., (Garter, 1968; Anderson & Jamieson, 
, I " " 

~ ,1972a; ibi.i., 1972b). In' Bri tain, two positive and' one sus-' 

pected case of PAME ,are' thought to . -
chi Idren ' play ing ina mud, pudd~e • . , 

h<ive,,,resulted fr'om three 
;} 

'Intdmasal inoculation,4 

~9uld b~ possible .in' all' 6f these cases.' There have, hoWever, 
-0 - • • 

, been cases reported where intranasal infiltration' of 'amoebae 
, . '. 

seCDS highly uniikely' (P<;\tras , 1:uldujar, 1966; car'ter, '1968: 

ibid. , '1972) but no o~er route, o~'try has yet been fOWid. 
'" q j. 

. , 

, .. 

L. 

I 
} 

, , 

~
' 

•. -~---. '-, --

, ' , 

~ .. 
~.: 



Cases normally occur either in the hottest time of the year 

or fn .heated swimming pool~hot springs. 

Patientsare~qually divided betwe~n' the !lexes-but 
. .~ 

usually range. from seven to twenty years of agE,-, suggesting 

s\~i'r.-.r;t.ing or se\~age contaminati;n rath~r than' food c:"-.~iT,l-
~~~ 

ation or air transmission. Singh and Das (l972b) found that . 
. i 

the flagellated-phas'e of pathogenic Nacglcl',i.a is more infect": 

and had greater virulence than 'the amoeboid-phase. 
>'" 

Ari1m~i studi~s using cyst's for the intranasal and intracerebral . , '.' , 

inoc.ulati'on' have failed to cause PN1E . in all c'as~s and there 
.... . .. ' 

. {sno ~idence of natura.l· transn:ission from one animal to 
'r'--, -:,.r . 

,another <.Carter, 1970; Culbertson, 197~L .' Carter () ... 9.)0; 
" 

::1>::d" 1912i iou~c'I 'th'at amoeba' are nOrTQal imd mobile in' an' . '., .'. 

environnehtal pH 4.6-.9.5 but were immobl\ized 'by levels belo'" 
7., ; .. 

pit 4. 3, by bile salts, or by human ·serlUn. These findings 

~lould tend to· ;.precludc amoeb.Lc infestation via an open' wound 

( i;. e. , 
.. 'f ' 

the ci -rcula t f)ry s}:stem) or t11e gastro-intestinal 
" 
tract. 

I 

Theint.rana5;ii path' of in';a~ion has' been studiJ'd with 

. light arld'c,lectron microscopy: T.hescz-t1i-=:ies d<;:Ir.onstratethat 
4 • ~ • . ' " 

the, amoebae 'disrutit the olJ;actory l!\ucosa_,:nc1 ;1rcoossiblv pr.ag': 
. . :·E~ . .,,' .... ... .. '. . 

ocytoscd by the sustentacular' ft,lls pre~t:!!:t' "ith1n the rr.ucosa. 
, • , 0 '~ ., ' ~ .'." • , 

T,hese cc 115, arc then destroyed .either by aJ:loeboid mov~mentor I 

enzymatic digestion, or poslOiblyboth." .The submucosal nervous 

plexus is then invaded and ~he amcebae pass through ·th~ cr:ib;i-' 

~. form plate to the central nervous s.ys~.em (Bart·inez Pt al..,· 1971; 

o. 

..... 

.... ? 

/. 

. ~: 

~., ' 
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·£b:'d., ·1973a; UJ.:i,., 1973b) .':Electron .microscopic studies. 

by Haitra e~ aL (1974,Y support the fin:dings 'concerning entry 
. . '. . . .. , 

by way of the olfactrory mucosa as well as shpwclearzones' 
I, . , . 

around the amoebae in thebYain ti.ssue.. The surrd\lndin(~i" ho';t 

cell merrbrillies appear damaged, suggesfing that secret;lo~'s fr6rn 
: 

the.a,rnoeb'a·rnay have 9amaged the host tissue. ".' 

·c 
- . In all.t"ca~es of PAME inVestigated t.O date, the symp-

:' ;.¥ ~ 
toms and t~por'al aspects are similar. The, victim \lsually , 
enjoys ro'bust good health untii beset· by an abrupthead'aahe 

, 
~.. ~ 

.and mild fliver three to seven days after the. Napgle'f'iaino- : .. 
. . '1'. 

culation'(tel'\'a <:t al., 1-968). Occasio'nally rhinitis and a, . 

s,?re throat ac<;:08pany the ,first. synp1:oms'. Over. the. next ~hree 

ca~s,the' hc<:dache intensity and "f~verV incre.ases .a~d the pil tl. pn t 

suffers' neck rigidi,ty ,andNDmiting.By the enp of the thirp. 

day, all"pa'ti(;nts ,arc ~everery disoric'nted( if not 
. ", 

a'ctuall:,' I. 

c;:om~tose, and h<l~e be{)n piagnosed as suffering from acu~e pycc('n i c 

Meningitis~ Death from'car~io-iespiratdry failure occurs on 
'. ;" 

the fifth'or sixth ~a1'of the illness . 
'-. / 

. . 
bulbs are ·al\,'ays .. !:\arked~y reddened ~nd o[t('n .severely haer,:-

'. otrhagic and nccrotic. The olfactory mucc,sa is fie·:erel". 

ulcerated. Ar::oebae are pres~n't inportions:of the brain :·hut 

tne sites cind.degree 

, . 
G ~. • 

of. encephalon ,in f1:!s t.a tipn .may ' .. a,TY r.1arked ly' 
. . 

(Carter, 1972). . " 

'the sJmil!'lrity of thri. course ofPl.!1E in mj,ce and humar-.s . 

. 'allows tr.<:! U~·~ cf T:'.ic~. as sui~lc models (Carter, .1970; 
.' I' 

~. , . 

" 

, 

, , 

.. 

~ 
'= > . -

, .. 
.. " ~ -' .~ 

. , 

,"" , 

:j 

. ~. 



,~ , 

.' 
" ' .. 17 

" 
, , 

" 

I', " . 
'II •• G " • • 

Martine~ e i a Z.; 197Ja;ibid:'1?~'3b)i:~: :':1" , .. 
, ' 

, The, temporal and~yrnpto!Datic' aspec,ts' ofl'the ,disease ,., .... : . \\ -.' -' . , .. .'.,.... .:.. ' 

in expcri.rnen'ta l' pa.tfiq~ogy' testing ,is a~ ·,follows;' lTli ce' ;If ter 

. ~ : 

" 
" ,'. . . , . 

. '.' 

"intranasal'inoculat,fon, 
. ".- ".. . 

, 
for' an i~:itial thre7 day,' appear noiroal 

, -1. ,. . } • '. ' 

day, they' become, 
, , , 

period; On' the~fou~th 
, 

less ,,)11ooile, s'c,r~tph :,' 
'f 

, their heads vigor;usly;, a!1d thc,ir ~hair b~gins tt? br~stle. 'On' 
: ~ (.. .<~: 

!the fifth d'ay the mice assume a hunched curled 'pc>si tionwi£h 

Circli~gdiSpr ien t~d, movements.;' Thei.r f aces'a~'~:J~ffY whil:~ 
, . . , . , ' 

, , 

..... 

. ~~ 
. ;": 

the body appe~ars. dehydra,t~~; Death·.usuallyoccurs on the' sixth 
. '.. . . . .• y 

. ,') • ~ 'I .,.,' , 

day ,:i th the' ilnimal shrl.mker.; brain 'swoilen ' apd 'hacmorrhagic 

neC,r?SiS pre~en;:; l~gs and kidney e~gQ:r:ged:,with olo'od; ,spleen:, 

gt'catly ,eriiarged ,and th~live,r soft and; enlrrged:: Carter " (10,72) 
. .' .' 

, notes: tn/at mouse bi:Qod' nick~thc amoepicidal qualities f~und" ' , .. / ' " ,..', ' , 

~ . . • ',. _: •• ;"'. . I .... . • • ~ 

in nwnans,:rUl'l' al1,d ,therefore ,amoebae/ arEi,'found not only, in' , 
, ....... ~~, .... ,. ~ .-. 

'. the' brain ti,ssue but :in .other ',organs of' 'the \body. This is. in ,; 
, • ',~ I 

" 

" 

, -

~" 
;; 
~, ,contrast tp hu:jlan PAME wh~re the ?ID~ebae il1fest~tion' i,~ re- ' 

" ' 
,', < 

" 

stdctetl to: the brai~. " ~t 'is possibl~ to' infe~'t' mice i'ntra-
, ''1/ ,'," 

na'sal,ly, intracerebra:11y~ and intravenous ly" but :no'& lIia t;,e:, 
, -"'. • !. '. . • , .' - , . ' , 

. ~ _., ' 

respirato.l')'.m:::ali{"entaFY tracts,' (Culbertson I?t 'ct'l 1959;, . ' , 

ibid~, 1~6S; ~arter~'19aO).' 
, . .' .:., 

~." 

scriaikilling'stu_dies hav!'!" shown that by 36 "hours 

an~r int~anas~i in6c~latl:~n the 'amoeba,e have pen~trated th(!·: .• 
, < 

nasa1rnUC03'1l1;:mertmfane;, by 72 holl'rs,,'they are found iTiparts 
• • Q, ~ • t., 

'of titc,olfOc.torylobes'; by ,S'4.hours', they 
" .. ,.' . 

',out theo} fictc;>ry' iOb,e~,\, and 

, ' a, 

• <:.' ~." .• :. 

, ' 

" 

I \" . 

" " ' 

,. 
by 96 hours" 

\ 

i 
/. '.' 

: ' ;; .. 

have: sp;'ad 'thr6ugh-" 

have spread into. 
- ' 

. . 
• I 

.' :. 

." . 

,. 

-i 

\liIii...c· , ...... 
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. 

the cerebral hemi,spheres (Carter, 1970) .. 

TIle pathogenicity of. a particular !/(J.c;;lcl"ia str.ain 

should not, . .however, be .based solely on moUse pathogenici ty 

18 

>'~ ,\' -
.. studie ., There arc--.yarying d l giees of resistance found wi thin 

m~ se strain~ which a~e a de,termi;'ing factor. in w-hether the 

in culum proves fatal or not" (Griffin, 1972). The' amoeba 
(I " 

,.-,_.', 
!';train· may also' influence the'test"results'as demonstrated by 

! ,", 

5aY'9i et ,~z. {l973) ~ho isolf,teq amoebae from a ·~J\ME victim in . 

Britain but found that it was non-pathogenic to mice., 
. . . 

All pathog'enic strains "!row .,;ell at ternpera,tures -..:e11 . 

beyond the highest h,til:lan 

erath at tomperatures up 
. 

, • "', J! • 
fever,and N. fo::Zer"/ 'can prolif--' 

, 0 . 0 /1 to 46 c (114.8 I;')',whereas, non-

~at:hogcl')ic, strains fail to gra,,; at normator ele .... ated body 

" temIJeratures (Griffin, 1972). 

Agglutination tests:suggest the presence of a co=on 
I ' , 

group ,antigen wi thin pa thogonic strains. Cross-agg 1 utin'a tron 
, , 

. a~tit>odyare removed byabsorp'tion with a suspension of non-. 
pathogenic strains/~f.~ yet the serum continues to' agglutinate 

-"'- . .: .. ~~: :'~'-~: : .. 

pathog'erlic str.ainS (,\nderson !< ,Jamieson, 1972a) . This Pill'l 
'. 

A possibly prove to be the most ac:curatc classification tool 

for pathogenic,versps non-pathogenic strains. 

To date' the only drug that a~peal;'s. to have any thera-
" 

peu,tic value, isa fungicide, lunphotex-icin B. 
. \ 

Massive, doses. 
, .. 

of this drug led to the, recovery of ',a P1\ME, victiminB.ri tain' 
. . ~ . 

'{Apley ct aL, '1970). and anot~er in AUstralia (Carter, 1972),. 

" '---" 

• 

, \ 

, 

" 

• 
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To I:le effective the drug must be given intravenously in' very 

large dosages. J\r:1photericin B is' highly toxic and tr'eat.:. 

ment iscOll.plicated by phlebitis, az;!C1nia and nephroto:dcity 
, 

(Utz et 'aL, 1964). ,Early diagnosis is, imperative as death 

fol..lo.,."s rapidly after the onset of PAME: symptoms., Since the 

amoebae actually devour the tiss,ue involved, eV,en if a tatality 

~ere avoided, there 'is a dang«;,r of pennanerit brain damage if 

the disease continues for any leng!:h. of ,'time. Several other 

anti amoebic agents and antibiotics have been tested but none 
I 

have proved effective (Culbertso~ iJtaL, 196B; Carter, 19 

DUI::a, 1970;Oas, 1971)." 
I 

Ecolooical Ascects,of Pathogens 

Since the amoebae may • d from soil sampl,es, 

they arefree-li ving amoebae and, can easi ly contaminate l<!kcs, 

pools,' etc. (.Andc"rs!;m &~cson, 19 J. ,', A link between - ' 
.' " 

fecal matter and the ,selective growth. of. pathogenicfree-' 

living amoebae'seems apparent (Apley et aL, 1970; Singh,& 

Das, 19 72a) .• 
, I 

combioed' 'wi th 
• 

I:l<;ly result in 

. , , 

Indus'tri/~lize4 sociHies via thermal pollutioQ 

increased fecal discharge from larger popula~i:ons 
',' ". 

the selection", of the more virulent,t'hermophilic , , 

liaC9Le!'~a by decreasing, the growth, rate of the non"';pathogenic; 
, 

low-te,mperature tolerant species. Each' degree that 'the water 

temperature'is incr~asedfavours the pathogenic, strains. 
. j. 

, , , 

Lamirande in O.U.C •. Diving News (l970) points ~ut \:he 

Poss~ble simila'ri ties between Lake Spier, Florida, where PA.'IE . 

. I' ,. ' , , ' " 
cases haveoccurred,andlakes in, Ontario. Lake Spier is a 

>. 
~' 



recreational' lake surrou'lded by vacation cottages. Septic 

tank$, organic.debris, lawn fertilizers and pesticides have 

increased the nutrient .. level of. the lake ang vegetative and 
• 

bacterial growth is optimal for pathogenic NacgZcl'iaZ growth. 

Tne particularly virul..cnt strains of :1. [o>..:Zcl'i can produce 

death·in a mouse , .... ith an inoculation of only 

an inoculum of ,300. all'.oebae will consistently 

39 amoebae while 
~ 

pr9ve fatal to 

50.\ of the mice inoculated intranasally '(Carter, 1970.) .. From 

this it is quite apparent that.anyth.ing that' increases the. 
. I . 

pathog.enic populahon ih a fresh ·,rater source is pote.ntial1y 
, 

20. 

· danger.ous ~ In t:he future, along with the increase in Ontario' s 

· population and their leisure time, wiilpossibly c~~,e.,g:r:eater 

pollution of 'the frc~h water recreational areas and an incrc?seci 

opportunity :or pathogenic ::a<1gZG'!'ia. This may prove part i-

cularly hazar·dous. to scuba divers and others who spend consid-. 

crable al~·,ounts· of tir.:e in the 'Water during the hot months . .of, 

· the year. t 

Dos Sa:ltos Q970t·,rcvie'..:ed}6, 17'4 autopsies (1920.-
,'. 

19(8) from 'the Richmond, Virgini.a,area and found five prpvious-

11' unkno'..:n 'and ·\.mp·ubl'ished PN·l!'=:cases. The Vittil St,.atistics 

for 1971 (Province of Ontario)' reported 12 fatalities' from 
i 

vi.ra1 encdph~l,i tis and 7 from meningococcal infectio:ls: in 

1972, ther'ewere 17 and 28 deatf:ls respect}.ve1Y. This 'is not 

to infer that any of these 'cases "''ere incorrec"t1Y 'diagnosed 

but rathe-r'that the medical p:-o'£cssion should be made a· ... are of 

.'" 

( 

~' 

> 



/ 
," 21 

/ 
the potential danger to ensure a rapid and accur'ate diagnosis 

~hould the dis~ase occur:. If pathogefticstrains could find a 

suitable environment and survive the rigors of an 'Ont,ario 

winter then there 1s a definite possibi'~ity that PN,IE has, 

or will, occur in Canada. 

Since it was 'not known \<o'hether pathogenic strains . 

of .'iaeg Zel'ia were present' in Canada, this research was con-, 

centrated on the'isolation'of a pathogenic strain (ifl?ossible) 

'and a comparison' cif its characteristics wi'th' other non-
• '. . ~ . 1> 

pathogenic strains' isolated from fresh water sources' in 
, , ' 

To add to, the releyance of' thcstudy, water safples, 

\<cre taken' only from sources which, ~:ere used by, or were 

accessible t6the public (i;e., canals, recreationalpond~ 

and st,rcams', s":iJ:~r.ting pools, and 'fish tanks; sel<aae treatment 
/ • ,oi 

,'plants were excluded). 

" 

J • -' '. .. ~,. 

, .. 

• 

. ' 
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, 
II. METHODS AND },.ATERIALS 

In order to be as brief. and as concise as pqssible, 
(", / ' 

,the f9110wing materials were 'used ',consistently during the 

course of the, research pto.ject. Unless otherwis.e stated, 

metliodsand, materials are similar to or are modifi,cations 

from ~ulton 119701 . 
. . 

'(a) Tris :- .2r.-.!>! 'Tris (hydroxylne.thyl) arninomethane:"'HCl buffer, 

pH 7.4, 'prepared .Iith de-ionized·water. 

(b) .1,UClOl's Iodine -4g. I2 alld·Gg.KI 

drops of de-ionized' water and diluted to 

dissoilled 
/ 

100 mI. 

in a fe',; 

(c) ;.r.:oeba 5<1Jinc! (Faae, 19(7) - a dilute salt solution, 
. I , >, -'--,-, ~..' '" 

pH-,6.B-7.Q,consistingof·/:aCl; 0:'120 9.;I':gS04·7H20, 0.004 g.,; 
. j' 

C~C12'2H20, 0.004 g.; Na 2IlP0 4 , 0.142 g.; r;H 2P0 4 ; '0.136 g.; 
, .: . : 

r!c"'iord zed water to 'make 1. litre. 

·(d),\·o'2shing'- '/\11 ,.;ashing. of cells was 'done :by suspending the 

c~lls in Tr5s . in SOml. plastic. cen.trifuge tubes,. vort~xing 

vig'orousl:" ['.'o);tex-genie} 'and,'then centrifuging for 45 seconcis ' 

at a setting qf 5 (S'iingirrg Buckee International Clinical 
. . 

Centrifugeil'.ndel CL) ~ :"l,\:;.rnanually operated ·mechanical hrake 
. ,. • Ij 

is built into the lid of the ce.ntrifuge and allows' rapi~ 

stoppage of the'~:: by ilpplying,man<lill pressure. Cells 'are . . 
usu~lly washed three times to rc~ove bacteria., . ' . 
(e) Sterilization - 1,11 contar:1i.:-l"ted. glass'"are was soaked in 

Liqui-:'ox. washed thorol.\ghly a;'ld sterili :led \:~ing dry hea·t 

22 ' 
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.. (1800 C for 3· hours). All d' d t 'I t we·r auto , me].a an s ex]. e.wa er e, ,-
~, 

. clayed for 15.minutes at 18 p~s.i,. Whenever posslbl~, dis-

. posable equip~~nt was used and thls included the sampling ·tubes, 

pet'ri dishes, syring;:!,?, igloves and. face masks.- These·were 
I 

deposited· in heavy polyvi'nyl bags and inCinerated. . , ';'. ' 

.!. . 
Mice that either died of an illness or were sacrificed .. 

" were treated in t!).e foll'owing. manner~ . All counters were 

scoured with Liqui-Nox solution followed by 70\ alcohol. All 

surgical. tools were kept ,in 70\ alcohol an'd flamed before use. 

Animals, were- dipped in 70\ alcoholto destroy contaminants 

tha-t.may have been present on'the~r"exterioi:. Surgical gloves 

and mask were worn ,at alitillles.· 'the cranial contents· (in-
" 

cluding the olfactory bulb), the ~iver, the lungs, and the 
! " 

heart wereremov~d and plated .on non~n'!trient agar with 'live 

A . . ael'ogcnea • This was then incubated in ~ humid 37oC· incu.., , 
, ' , 

bator for a rnipillluni of 24 hours., All, animal parts and incubated' 

tissue were incinerated.' 
, ~ .. .' 

, . . To . test for the' :possibiJ,i ty of cross-contamination . ..,.. 
" 

of anilllal tissue' cultUr~s, 42 mi~'healthy three weeks' after· 
l ~l .,' ." ; 

.amoebaeinoculation with a non-pathogenic ~solate were s'acri-

ficed and plated in .the above manner.' No Naeu.1.er-{a growth or 

contarninationwas found' fn· any of, these test 'tissue culture 

dishes after inCubati~._at 3'7°C for several days. 
i . 

(f) Cell counts ~.Cell concentrations were estimated using a 

"coulter. Counter'" Model -F- (Co;ulterElectronics, Inc., Hi a le,ah" 

' .. -
. ", . ~ ~ 
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Fla.). Sensit,ivit~· settings'providing suitable accuracy fo'r ... , 
the'various strains were as foTlows:, threshold '20, attenu-' 

a~it:m 2"al)d aperture 64. 

The ide 11 suspension to, be counted was diluted,in -an 

elec;rolyte (0.4% l:aCl indc-i0!lized ~;aterrto give counts 

rangingl;l? to 5000. ,The diluted cell suspension is vortexed 
" 

~ . f . . 

vigorously ,to prevent clurnpingof cells; 'Th'&·,CoulteL' Counter' 
",r:,,' 

absorbs a: measured, volume (0.'5 ml.'.l and i-ecqrds the. total , , 

. ' 

cell count found Hithi'n that volume.' The average of three -
count~ .was used to calculate the number/of cel15/'Ml. in 

,the original cell suspension, ,,' 

(g) Li<:h,t;:':cicro!>co"y -Unlc,Ss oth0nlise noted; all light r.1icro­

scopy ~Iasdon.i usi ,9 a ,Leitz~\'lct:ilar'phase microscope ",ito a 

Phaco40/0:65 objec "ve,'leris (x400) and, a blue' filter. 
, " 

Hca.surcJ'1ents ~.;cre lila c using. aNi}:o~ Filar Microl1'ete'r' which 
, , 

'.:as ca,librated IIgai-nst a stage MicrOMeter with divisions 0.1' 

and' O. 01 tr.!:1. <aausch £. 'Lomb Optical Co.).' 

(h) ~tcdia - Isola'tes were maintained and grO',:n on either r;11 

(Fulton £. Dingle, '1967)'or miA' ,(non-nutrient agar) 'plates with 
. . ." . 

ac:"o:r"';cc as amoebae nutrientiriallcases. 

The bacter'i';' pr;ovide the' nutrient' source fo~ .v~c{J tcr.~a and the ' 

,.1!1'.ocbaederive no nutr,ition ,~rom the 'media. The varipu'~ r.iedia 

are as follows: " 

•.. . 
til NM consists of 1.6 g. nffco Bacto-'-Peptone; 1. 6 g. , -

~>''-
,dextrose: 1.2 g.'k2HP()4;\J.6.0 g. Difco Bacto-l,gar; 

., 
.. ' 

" 

" 

, I 

, 

, 

'~' 



; 

\ .. 

0.8 g. KH 2pO 4 and 800 m1. of de~ionized water .. 

'The medium is autoc:laved at .18 p.s.i. for 15 

minutes, cooled. to approximately 45 0 C and poured 
"1::'-: 

into sterile petri. dishes with approxima.tely 20 

m1. per .dish .. 

(H) NNA contains 2% DifcoBacto-Ag'a);" in de-ionized 

wate.r, prepared in the same manner as NM. 

" 
(iii) 1')1 contains the same compone:tts'as' NM, except 

the Difco Bacto-Peptone is incr~!?ed from .1. 6 g • 

. to 3.2 g. 

25 

.~ . 

All media were' star.ed at 120 C until used .. NM andPl-l 
I 

an' .. both suitable .grov.:th media for /:"J'oba<'tcJ' ailJ'oge".~.o •. 

(iv) A: aerogene:! was'c;ultured using Pen'assay Broth (PAB)., 

a medium consisting of 17.5 g. oifco Bact;,( Anti­

b.iotic Medium 3 perlitre'of de-ionize ,\ater. 

Thente,diu:n is dispensed at 6 ml.· per s oppered" 

culture ·tube, autoclaved, and'stored uhder ret:rig-

eration. .. 
(v) 1'1\8-gro\o,71 ,t. aCJ'ogo)r,c" ·was prepared by inoculating 

. a tube .of prill-medi utn. from an·lt. ao rogcncll stock 

~lant (PAIl-medium containing lO.p g. Difco .8acto.,. 

Agar per litre of !,]l.a-medi~) and iricu~a tingo\,er­

!light at .34oc. The· resulting staticm'ary'phase P]I.8-. 
. . ' ". 9" . ~ ; . 
. -. cult;ure. (.;010 bacteria/ml.) wa.s then stored 'at room 

temperature and usee for r-evera'l days. 

.. 

" 

..~ 



(iv) PM-gro',.m A. ael'ogc'ICIt was required to provide a 

a dense bac.terial la:.m onNNA plates. Approxi-' .' 
matelyO.l:"0.2ml. of PAS-grown A,: a'G1'ogeneswas 

. 
pipetted onto a P~ plate, the_bacteria~ culture 

spread ..... ·ith a glass rod and incubated ,at 34 0 C for 

- a miniriurn of 18, hours. The glass' spreader is 

stored _ in" 70% ethanol and f lamed lightly be fore 
/ - -

, "I " - ' 
usc. The bac.te-rial lawn \<Iasremoyed after incu-

,ba tion, ,dth the glass' rod and sterile distilled 
, / , , 
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water and centrifuged at 7,000 r.p.m'.' for 15' r.linutes. 

in as'crvall Angle' Centrifuge (Ivan ,Sorvall, Inc., 

Norfoll:) ; ,The oell~t was resuspended in' a miriinum -
... • . . I,' - ~ , •. 

"-
amount: of s'tedle dc-ionized wat;:,r,vortexcd and' 

- ~ .. l.O,ml was-spread lightly on NNA plates with'the 

glass spreader . 
• 

,(i) Plates -

(i) ,Spread plates -a wire loopful of ,C"sts of 'a par,ticu­

lar strain was' suspended in 0.5 ml. steri~', dc-ionized water, 

vortexcd 'lic;orous'ly and ,ap'proximatelj' 10 5 cysts arid 0.1 ~L 

A. an·og.':""" (P;.B-gro ... ·n) w,aS' spreadcin ~l~t' plates. If!lN') 
, , '5 ' 

plates were used, then 10 , cysts ... ·ithl.O m!. A.\ ae,r.oger:ct 

(PM-groWn-) was spread on' :~NA'plates with a glass rod. The 

plates were then inverted and, intubated a~ the desired tempcr-

ature. ' 
,_ i 

(ii) ~pI.) tcs - nay 'be either H:;" plates spreadw). th P~I-

/' 

",~" 
,'.~ 
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" .' .' 
• I " 

gro'~'n b;lcteria or NM plates, spread wit,h 0.1 ,;rr.1.' PAD-grown 

bacteria. 'A .spot· contain~ng cysts or a.'t',oe\lae was then .pli\ced 
.' .- "", . 

on· one side of the plate and. allowed to grow acr.oss the entire 

diarGeter of the petri dish. , 

(iii) Double stripe plates - two parallel stripes of bacteria 

on an NM or NNA agar plate surface.. The C'js,t or. amoeba SOlI'lRle ... 
. was '~i~ced on the end d~. one of the stripes. Amoebae grow 

. \ .... 

.. along the stripe and migrate across the sterile, non-nutrient 

(i.e., bacteria. lacking) agar to the other stripe. ,This· method 

elimi.nates'undesirable organisms and may be repeated several 
. ",' ..0. .' • , .> 

'times if a persistent contaminant remains. A~l isolat~'s 

',;ere g~o~m on ,Aouble-stripeplates one .or r.)ore tirees before 

an attcrr.pt \;asm(ldeto clone them.' 
I 

livl Stock olates - all strains (lfter ~loning we~e mairi-

tained on 
o 0 . 

::Nl, plates withA . • 1C]·ogc,:ca at 21 -23 C'and trans-

.{erred to fresh. edge plates weekly. After. satisfactory gro;..·.th 

was established on!lM plates, stocks were I:!aintaincd ont,his 

I:!edium too.' 
~ I, 

(v) Clone l)lilt~s - " few cysts or ilInoebae (10 -.30) wC!re' 

introd;cedcither into 1. 0 nil. PJ,:-gro\Oln A:' c.cY'qge,:ca and, cpread 
. -

• " .'. • r.' i', -'. . 

on tiNA platesQI Tnto 0.1 mL PAD-grolom'bacteria and spread 
, 

on.N""plates. ·PM clone plates give a-nenser bacterial lawn 

which facilitates ,plaque resolution (Fulton & Dingle. 1967). 

The;plates shouldl be several days old to ensure the rapid 

absorption of the liquid. ' If': the platckrc ncit sufficiently 

" 
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dry the amoebae'may flagellate and lead to plaques- possibly 

formed by more than one cel,l.' 

; , 

The clo!,ing technique described above is ro\,;.tinely used 

by many investigators in the protozoology field (Fulton ,19 70) • ' 

'This method,' however, does not assure"with absol,ute certainty 

that the ',' clon'ed' organism isa descendant of, one 'cell. This 
, 

places limitations on the research data and the correct method 
, ", , '. 
, would have been the isola tion of a single celi. ' Because of these 

'lirr,itations, the term 'clone' or 'strain' 'as use'd thro,ughout 

the t,est' of this thesis refers to an isolate that mayor may 

not be a descendant of a single cell. 
" 

All data reported in ,the Results section were obtained 

fror.l ,the is01atedstrains after clorii'ng. 'Isola'tes were not cloned' 

until their pathogeni,city had been tested. Atpreseni there is 

'no information as,to whether every amoebii within a population is 

capable of producing PAME. 'By, introduc:ing uncloned, heterogen-

I, "~bus popula tions' of ,arnoeb,ae, directly after isolation ,into the 
! 0" , l nasal chambers of the ,mice, potentially p~thogeniC 'species, or' 

individuals within a species, "would not be eliminated ,(Jamieson 

"~Anderson~ 1973). 'If the amoebae 'had been "isolated, clone,d 
. "" 

','and then'the initial _pathogenic test ca,rried out, there 1.s ,a, 
, ' 

possibi lH:y that the: particula,r cell cho:;en to begin" the cloned 

cell line would not, be p'athogenic while other members of the 
.':" '. 

heterogeneous isolate mig!:t,twell be pathogenif= but el'irni'nat~d 
'-l: 

'during the cloning process. The pathogenic str'lins (OC-4 and;, '0'; 
i . \ 

FT-'52) were, initiall¥, cloned directly from the brain tissue 0,£ th~ 

, " 
, I 

, ' 

'~ 

;­

> 
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first fatalitijls and these cell lines were used for' all 

further pathogenicity te,sting and t~onomic studies. 

A. Samoling and Isolating of Strains 

29 

~amplcs of water and solids (i. e., s~ime, floating' 

debris; soil) were taken from fresh water'~our'c~ i·n Southern 
.",'1' 

Ontario using disposable, IridIviduallY'--..u-apped ster~le 'plas:'" .' 
.." "" 

tic '2001 Tubes (17 x 100 rnm. style-Falcon, Oxnard) ; Samples c 

were stored in an upright posiqon at 120 C for various 1engtr.s", 

of time.' 
, . 

At the time of isolation, a sterile ~o·m~.; pipette 
, 

was gentlylo\o,'ered .into the bot:t'Ol'l portion of the sampJ,ins 
• , 

tube and 'approximately 0.1 mt.-O.S 'ml. of the sediment and 

water placcc1,in 'the centre pf a previously prepared NNA + 

live Acroba~tcr edge plate. Aminirnuro of four cultures was 

'prepared for e~ch sample and incubated at 37 0 C for a rnin{mum' 

'of 24 hours. ',Attempts to isolate'lIaegZeria using NM pli!tes 
, .' ~ . . . 

. ~ , . 
proved unsatisfact'1ry a's other amoeba', mold, etc. grew at a 

• ." • ~ • • J 

~aster rate and~verran .7aegZevi.a grQwth. The use of only 
, 

NNA with live, bacteria and tqe eievatedtemperature ,(i.e., ,', 

.. 
, . 

" . Ii' ~ 

',370 C vers~s normal incubating temperature of 31~C)' for isolation' 

..... 

purposes, favoured the pathogenic strains ·o{,lIaegZeri.a. 

Raeg'Zer.ia amoebae migratei:apidly~ut~a~d fiom. the. 

,central' inoculum 'area iIJld 'a distinctive patte~.':is, produced 
J • 

during this migration. ~pon 'the formation of, thechar~cterist~c~ 

' .. 
.' fl. 

'~"', ' ' . 
, , 
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.. 

migration ~idgei amoeb~c were removed using a wire lqop and o 
_, 0 

.checkea for flage Ilat~1 trans formation by a squash t~cbnique. -, .,. 
Petroleum ,jeUy ' ... asdeposited around the edge, of an 18 Jl'ID.· 

I 

cover slip, a small quantity of sterile' distilled water was 
" ' ". 

pl'aced on the cove; slip al)d tIle an:oebae introduced into the 

aqueouS, r..c,C:iu:n .. A s.1Lcie ';'as then inverted bver ttle cove'r slip; 
" 

pressed, gently i'nto I place, and ,the prep~ra·t.ion turned 'over. 

Three squas'hpl~J:e preparations were:. !l'ade per al1!oeba ,salllple. , ~ . ~ 

The ,slides '--:ere kept 'at 2:L~-230C and microscopic obser:vations, 

com:-.encc¥ ap?!'C'ximatcly one ,hOUl;- after the initii..i suspt;l:::ion . 
. -'~~ 

,~ . \ . -
Isolates demonstrating flagellate transformation were 

,l:licro-pl,pettil'.O;: 'the ,amocbo-fl.;agellate su'Spension onto mu. and 

p~ro!Jt:ct.('r· .cd9C plurtrls.-· 
" . ' 

B. Pathogedicity Testi~c of Isoldtes 
, , . , , , ' , 

,As p'reviousl:{" noted, isolates were, not cloned bcfor'e 
, ._~: i' • . • . . t-t- . . 

thai r ,pathogenicit!" was teste~,btitrath.er the inoc:u1UI:l con-

" 
sisted of ;,heterogeneous population of on~ or more, strains -' 

'of amoebae. " " , ., 

NNAspreaq' plates were p~e~~~th 'th~ appropriate 

isolate,' and incupated overnight at '37 oC.' The' amoebae were 
'~~ ., . . 

·'t· 
then removed, wasned and resuspended 'in tl)e'''appropriate amount 

., '.' . . 

Of sterile dc-ionized ":-;aterto give, .. an 
'4 ' ' 

10 /20 \ll. 
--," 
of 106 attbebae/ml. 01"'2;0 y. 

.. 

, ..... 
approxj,mate cell density 

Cell dens i ty ... :as .', 
, , 

. " 
, . 

.' 

• . , 

" 

" 
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\ 

aetcrmin'ed using ~he' Cou~tet: cO\lht/er. 
, " 

., 
.~ 

.~. ;.J. 

.: ." ; 

Few bacteria remain' 

after overnight ,incubation on NNA and the amoebae requi~cd' - , 

, ,a'nly 'one Ijashihg. This is suffiCient to ~emovemost of, the 
. r, " _ ' ~~ 

bacteria.while reducing the chancO' of darnagingthe tropho-
. . - . . 

zoite~(~arter,l972J • 

,AU mic:c (~nless otherwise noted) 'were 15 g. fema'le 
~ 

o " 

Sw.iss/Webster, housed at 
, . . ~. 

. 0 0 
21 -23 C and-fe9, f,ree,ly on standard, 

, '. ,. . .'. . 

. pellet food.,,- Test. animals were anaes'thetized using anhydrous 
:;.' " "~ 

. ether '('Bakel' Ana'}y"e"q" Reagent G'rade) a'n'd'held ·with their 
~ . . ' . . . 

~. ~- , 

. ventral .surface uppermost . 
. -' , '. ' ' , 

Using ,a disposable ,1 c. c: ··tuber;-
.' '. .' ~ 

culin syringe and a, '26-gall.g'e hypodermic needle, 20 ,,1. 'of 
'0; ."..,.. • • . "" '. '. " . \ . I .:.- ~ .' .. ~ 

the amoebic 'suspcns;ion '",as introdu~ed intranasally. < The :, 
. .... ~ . . '. . - . 

<l:1itnal mud~,.be brc'athin<J. deeply and evenly, to ensur~ the in-
.. , .', . . ~ . , ... 

. halation 
/' 

of. t·!-'e ino·c'.lllim .... I:lJ.·ch is :deIJosited on. ,the cxtcirnal~ 
. ~,:. . 

" , 
.• natles" .' 

", . Five animals were', used as a controlfC;ii, each. testing 

" date, ... These were treated in a r~ke manner to the·test ;:mi~als 
/,' ' , , . 

/_ .'ll. 

but ins'tead of aninoculUl:l of atno'ebae, th6y ~ece{vcd 20\'~' 
o • '.' 0 

o:stcrHc'di sti ll,ed·.::atex c;ontaining ,a spal...L.p_op_ulhtion.().f 

.A-':fo~'adc1'. ,,' No'deaths, resul'ted' in these animals. 
: ,i . ~ . 

, . 
i.·ere' Pflated as described under Sterilizati?n· •. rnethods~ 

~. '. ~ 

'vapo;ir"·ai·~5ed as ,the. k'illingag~t for sacrifl<;:ed. ~nirnals. 
I. , ,. " ", 

. Anit:\als .surviving six ~~ceks'aft':lr inoculation and not z:equi·red. 
" 

. , .. 

," 

p, 

,'.lII. 
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for ,further experimentation were dispatched by ,the animal 

attendant, .. 

, / 

C., Selection o't Stra1ns for Taxonoroic Studies " , 

,Strains were. select~d for pathogenic'ity, diversity 
I ' ' ' 

of environmental habitat,and,phenotypic, differences. 

D. Suitable Culture Conditions for ,Selected Strains 

I 
, ' After the' selection of strains for taxonomic studies, 

'-......; . , , 

expe'riments were performed" to :select the medium and temperature 
. - ,t1 . - • . 

that proc;iucec the gre~test cell increase. Fulton and Dingle' (1967) use' 
. , . . .0 . -. ~ 

330 -3-4oC forprepaiing,NB-l for experimental work while Page' ~ 

(1~67) used roomtenpefature for his?"rains., 

ture'in his 'laboratory varied from Iso - 300 t depending on ' 
. • " d 

'The tempera- I 

the time' of the ' year. It was observed visually ,th~t all'strains 
.~ ·c· 

cleared edge plates !IIuch more rapidly at 34 0 C than "at rOQm I 
- .,- ,-_ .... -." " 

t~rature: Con'sequerttlY temperatures of 300 ,340 and 37
0

C 

were s~,lected for incUbation purposes.' 

, , ,!fine NNA and nine \tM, spread pla'tes were prepared for 

\ ' . ' 

'~\~4a<:h, strain in the folloWing manner: a sterile de-ionized, 

\wa~er and cyst, suspension was made from each ,cloned isolate 

\ ' 

a~ a count 6f the, ce'lls/ml. made using the. Coul,~,er Counter; 

0.1 1'01 Cif the cyst~'su;pension was: mixed wi thO., 9 1'01. PAB-grown 

Ae,.oba~tol- and NM spread, plates prepared: 0.11'01. qf the .' 
cys~ :8usperision was also mixedwitn9.0 ml.PM-qrown bac,teria' 

. 1-' I 
and NNA spread j)lat~s' prepared I .3NM pla.tes' and 3 NNA plates 

'cO: ' " ~" 

I 

/ " 

• • 
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" 

of each, isolate were then incubated at each of the thre!!, 
l-

telJlpera,tures for 20 hours. The plates were then washed, , ' 

,pooled, a~~ ~', ~unt of the cell density was taken for each' 

treatment. ;\Jlloebae .'were also observed microscopically im-' 
.' ~ . 

mediately after removal from incubation to note possible 

abnort:lali ties. For' the purp,s~,s ,of this study, the temper­

ature that resulted in the greatest'cell Increase is termed 
, . 

the ',optimal' temperat,ure. ,Ther'e ,may be temperatures 

other than the three tested. ,that would prcvide slightly 

'greatet: c:.ell increase.· 

E. (a) Temperature Oependent Rates of Advance 

(b) Temperature Tolerance 

The relative rate of advance at a particular 
• 

tempera~re. was expressed ,as the average amount of, time 
I 

required to , . . ' 
completely clear an edge plate. 'Temperature tol-

'erllnce (Le., c:ritical temperature) was determined by esta- , 

blishing the highe,st temperature at which a particular strain 
f' ' ' 

of llMoebae WllS c'apable of 'prolif erating (Le., clearing an 

,'edge ,plate). 
-:,'.:":; .. ' 

" 

TWo NM edge plates were prepared per, strain: DC-4 
'<. 

and FT-52:lll!;o had two NNA + bacterilledg~ piates prepared, 

in llddition, to the NM' p:!,ates.' The strains were then spotted 

on, llll edge pllltes,· the plates were 'inverted and incubated at 
;, 

. the pllrticular'temperature being te'isted. The average amount 

of time 'required to completely clear the edge plate, was recorded. 

.. , 
'. 
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As the temperature was elevated it became necessary 

to seal the dishes in air-tight containers to prevent drying 

, and to help sustain bacterial activity. , 

F. Generation Ti~e 

\ 

mined 

Generation V; for the 

by growing the amoebae in 

, ; 

sele.cted isoiates was deter­

liquid culture, a medium 

consisting of 7m.'1 !10PS-buffer; Sr.M HgSO 4' pH 6.8, and 
" / ' 

bacteria (Last6vica & Dingle, 1971). , 
, . 

The bacteria are first gro~~ in 1 litre batches of 

PJ.B in '2.8 litre Fernbach flasks in a gyratory,shaker­

incubator (Hodel 2156, Warner-Chilco,tt Lab., R7search 

Specialties Co., Richmond, Calif.}' at 370 C and 100 oscillations 

-'-' 

per minute, centrifug,ed in 250 ml.plastic bottles (Sorvall 

RC-2B Centrifugre with GSA rotor for",l~ 'minutes at 5,000 

, r. p. m. ), and, the bacterial products of 2 li tres of the PAl;! 

culture was then resu3t:ended in 1 litre of"M9PS~Mg buffer.', 

The culture was then,'distributed at 20 mL' per 125, ml. 

Erlenmeyer hask, stoppered with 

in the gyratory shaker-incubator 

at 100 oscillations per minute}. 

cotton plugs and ,placed/ 
, " 0'·" '" 0 

to pre.;.· ... arm' (3"2 C and 37.5 C .'. . 

Th~·320G incubating 
. '-", 

, , 

temper'ature was used as this is the temperature at which the - " 

generation time for NB-l has been previously established 
o 

(La'stovica , Dingl.e, 19i1l.. 

Pre-warming the buffer before the addition of amoebae 

, 

..~ :' 

-, 
" 

i 

I ~ 
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. 

forestalls transformation which would lead to a 2-4 hour 

delay before meaningful growth readings could be taken. 

Tne aniOebae are grown to stationary phase on suit-
, 

able mpdia and. suspended· in HOPS-buffer (21 0 
- 230 C); washed , . 

once and 'resuspended inapproxirnately 5 11'1. buffer. The sus~ , 

pens.ion density was then determined with· the Coulter Counter 

imd a sufficient amount of the aroo~bic suspension was added,' 

to the 20 rn1. pre-warmed MOPS-bacterial liquid culture to'· , . 

produce 104t:o lOS" amoebae/ml. .Theamoebae addition should 

be less than 0.5 rnl. to ensure accur~te .cell 'density ·counts , 
at later stages. Samples were removed from the 37.SoC culture 

. ',' , . 
at· hourly intervals and at· 2 hour intervals from' the 32°C 

'culture, counted and plotted on serni-logar'ithrnic. (3 cycle x 

70 <1iyisions) graph pap!=,r as cells/m!. ver~us time (hours) 

unt.il a def.initc·<;;Y,ponential gro.',ith rate .had been· established. 

Portions of the slopes were se'leeted in which the gro· .. th had 
• l _ .... 

. ,.~) -t;. ' 5 . 
doUbl~d ~e·.g., 2.0 x 10., to 

., 5· , 
4.0x 10eells/m!.) p'fid the 

required for ~thcse' doublings was. resolved by rea~ing off the: 

divisions 0n. the abscissaunder'the slopes. This doubling 

.. tilne is terr..cdthe generation til"e (Fulton (, Dingle, 1967). 
.. , 

G. Tran~ f'orr.tation Kin.etics und Heat Shock 

Transforr.:ation techniques are, according to· Hethod 

C (Fulton, 1970). The heat-shock treatlnent, to achieve .. 
'r.:uiti-:fL:l9':!lla per cell ~'js acco.rding ,to methods set forth 
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by Dingle' "(1970). 

, Cells were in,cubated' approximately 18 hours at their 

optimal temperature on spr'ead' plates,. Amoebae were then re- , 

moved fr'om the Platei,'using 10 mI. Tris ,and a gia'5s'spreader 
. ..:-'!~~~~.,:... . : . . 

and washed as describc!d previously. 1 Tris and the centrifuge, 
.', . 

tubes \~ere kept chi lled in an ,icc, bucket' to delay the onset 

of trans format iori'. ,After eac" washing 'the supernatarlt was 
\ ,i 

, " 

excessive loss of 'amoebae, and 'the' dumped rapidly ,to prevent' 

'~ells were resuspended in 20 r.Jl.Tris,in a 125 ml,. ~rlenineyer 
flask and incubated in,a reci~rocating shakei,water, bath at 

- <' "1" " ' • " 
2soCand 100 oscillations/minute. Zero time (t",O) ,W'3S' con-

. . .' . i .. 
! sidered to be the time: of final suspension in Trisand trie 

co:nmencemen t of i,ncuba tion. 
,,' ," "5 ,',' ..' " " " 

, Routinely. 1,0 arnoebae/fla5.k ',{ere 

used to ensure adequate cell densities ~or counting pu'rp~ses. 
, 
'Samples of ,cell suspensions \-/ere're,moved at predeter­

mined time intervals';"ii:.h a Pasteur c~piliary pipette and 3 
, 

or ,4 dropS fixed ·,;i th, 1 drop of: Lugo!' s iodine" ,Care waS 
, , , 

'taken .. ,toprevent, excessive ,<lgitat'ion \~hile' pipettingas: rever-
, ' 

sion or, d(!':'flag"llation,nay occur., The fixed samples \o/ere 

,stored overnight underrefriger~tiol1 before counting or ~aking 

cytolog'ica'l obser';'atlons if the original :cell s~spensi6n,density 

had been low. This 'allowe"a tltc cells to set,tIe to- the bo-ttom .. 

of,the tube and provided a denser cell population for rnicro-

sc?pic purposes.' '/, ' 

,A drop of, the cell-iodine sample"was, deposit~d on a 

" 

I 

, / 

',. 
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,'glasS 'slide, and an elevated ,-cover slip (clay- feet) added. 
-, 

The flagella' ~ppear black and distinct while th~ body and many 
.. ~ 

o,rgane lIes -are orange. For the transformation kinetics, 

100 ce+ls were c~u.nt~d pe'r sampling time for the presence- or 
• I • .• 

absenc~ of flagell; and a graph dra~n plot}ing percerit £lag61-
.. ~. 

lates,versus ,time,. This allows the determination or' ,the TSO':':" 
'. .! .. 

w!lich represents the time at w,hich SO% of the cells are 

flagellated. A separate count was made of the number of . ' , 

. . . ~, .. 

flagella per' flagellate.-
,\ 

To dctermine'whether heat-shock would disrupt th'2 
, 

metabolism of the isolated strai'ns sufficiently to alter the 
, ' , , " 

nur:-1H'!" of, flagella from that found under l)oITlal transform-
. , 

atior.' te':n~erattires- (Le.', 2SoC) to a greater number 'of 

-flagella per cell al'( had be",n ,found "rithtnc' NB-l strain. 

slw.lples .. 'ere grO"h'n and prepared l.:nthc same manne!r as de-

,scr_ibed fo'r normal,transformation'
l 

However, at t=O the flasks 
" , 

were'placc!d ina-3aoe reciprocating shaker water bath ,and 
, 

incubated for' 40rninutcs."" Thc' flasks werc ,then transferred' 
:-:"/"'} 

to'the 2SOC water bath and allo'.~ed, to contiriue 'transfor.r.a'ti,on , , . . 

,a furtne!' 2 hours. !Oalf,ples ~ere" then fixed ':;lith Lugol's 
I 

iodine as described previously and a count ~as, made'of the l 
..;. ./ 

,nur.lb'er of 'fliigella per cell. 

H. Cyst Storage 'and Viability 

The cysts to b • .! ,tested for duration of viabi-li ty ' .... ere 
I 

prepared in,- the, (ollowing manner. A mini.r.um. of t,hree· ::M 

, -
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spre·aq plates per strain was inct;bated at their optimal 
.~ 

temperature for 48 hours. 
c • Thi.swas to ensure complete encyst-- , 

• ment:,· ·o.C-4 andFT-52 were gro-",n on NNA spread plates as w~l:~ 

as the N~I plates. The encyste?- strainS. we.re sealed in air-

tight containors to prevent dryiRg and stored at room 
I ' ... 

.'tempera't;Jre (21°-23°c). 'At 14 ·Clay intervals, sampi-es of 
~ I 

thecystii wer¢ removed and·tfested on NI1. orNNA edge plates 

fo1:" viabi lity, 

I. Resi"stance of t\t:loebae and CYsts to Desiccation 

To test· cyst durability, each strain wps in.cubated 
.. . .\ . . . . 

.tocorr.plete encystment as described in. the.preceding section. 

The plates~:e~e. then .,.'ashed with de-ionizec:water, centrifuged 
. .. 'I. I 

·and . cySt samples from the pellet pJ:aced in 125 ml. Erlcnll',eye:r 
. . ... . . . . 

flilSks contai·ning 10 r::1.of onc,o£ the. follo""ing: 1~ .solution . . .. '. ~ - " . 

_Liqui-!<ox; 2~· solution Liqui-Nox; lor 70% Jehanol. . The flasks 

"-","ere stoppered lightly· and incubated_~ri a water bath at room 

terr.perature .and 100 oscillations/~inute. Samples ";·ere· titken 
., 

at .24 hours,. washed· thoroughly (a minil",u~ of six centri fu,)ations l 

an,da 'portion of each 'pellet . spotted on an edge plate. Part 

of each pellct~las retained,allo\,;ed. to dry; at room terr,?crature 

for 24 hours and then spotted on·edge plates. A control for 
... . .~. 

each ·s.train wa~ initiated· from·the origin~l centrifugation 

. pellet, incubated in de-ioni zed: water ·and .edge plated. 
I 

To test amoebadurability~ anoebae were ·grown to 

;" 

.. 
"'; 

/. 

r' 

'/ 
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. stat10nary phase on NM or NNA spread plates, harvested and 

suspended in a dense sterile de-ioni'zed wa'ter suspension. 

small drop of theanoebic su'spension' was 'placed .on a glass 
I 

A 

~ide and an elevated cO,ver slip placed atop.' Using a Pasteur 

. pipette;' the desi·red te!iting solutions were al.lowed t.o di,ffuse . . . . . . , 
under the cover slip whi Ie being 'observed with P,hase COl1tr~st 

optics., . The' sOlu~{oris. were those used for the cyst durabili ty 

tests a'nd a possible 10% dilu'tion (maxiPlum) ma~ have occurred 

because of the aqueous ~olution the amoebae were already 

suspended in.. Howeve'r ,:the amoeba suspension was ke'pt to 

a minimum and the amount of :;olution that diffused.under the 

. cover slips far' exceeded it. This was to ensure a m'inimu.Ol 
/' . 
amount· of dilution'. Acontroi slide containing only the 

original wnoebc suspension .... ·as maintain-ed. 

, 
"J.' Xeasure:rer.t's __ and Taxonor:ic Observations , , 

• I .. ., 
'Unless othexw'ise noted, the materials and methods-

used -in this section are, or are rncdificationsof., those set , 

forth by. Page -(1967)'~ Str~ins NB:"l,' DC.,.l and CT-8 were trans­

ferr-ed to ~:-!"\ and re-cultur~d several. times on this new culture 

IT_ediu.", to ensure consistent gro·~·thl bci-:aviour. - DC-4 ,and FT':52 

w(,ie_ maintained ccm-ti.nual[ly on KNA with Ii ve -bacteria. and, 

therefore., did .not require' transfer~ing. - Plates were incu-

bated at 340C rat.he~_t"an 2·3.°C as described by Page. 
I 

. ". 

.. 

I 
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J. (a) lUnoehae:, 

Amoebae were removed directly from the gro~th plate 

,after approximately IS hours incubati.on with a I;ire loop and 

suspended in P,age I s amoeba saline on a cover slip. The cover 

slip1was quic;:kly inverted arid placed, ,f\top a depressed' "'ell 
1 

slide giving a hanging drop. T,hc slidew.as left forapprox-
• I I • 

imately 15 t:1inutes before observations and measur.ements were 
. . \' 

begun ,t.o follow 'amoebae to aclliere to the slide, and resum~ 

nort:1al:- movCr,1ent .. The ~ing drop with amoeba saline produc(!s 
" I 

little cell distortion even a~ter l~ngthy ~cirio~s' of obser-. . .. ' 

vations. Length and breadth r.",easurementsof. 100 amoebae in , I . 

':-,otion ,,'ere recorded as well as general observations on ,thai I' 

,particular"type of locomotion and the presence or absence,o: 

uropdcia. 

To r.leasure the ,nuclear diameters and to observe the , 

gener-.al shape of the nucleolus and the types and numbers of 
" . 

vacuoles/present in an individu,al, a',sample was prep'ared as 

qcscribed above and Nissenbaum's fixative (llissenbaum, 1953) 
.... 'j 

I .' . . 
utilized after the waiting period and ano'ebaeadherenceto 

." .the. slide. ., 
'Nissenbaum's fixative' consists of 10 volumes 'satur-

ated'solution of mercuric chloride; 2 volumes glacial acetic 

acid; 2 VOlUIi",,~ ~l formalin; and 5 volumes t;e-r-ti..a.h' 

butyl alcohol. Reagents were 'mixed just prior to use. The 
" 

~. 

I" .' 

fixative was -:pipetted directJ:y 'on to the amoebae (or Oage !late) 

'.~ 
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suspension; after 1·5 seconds the f1xat{ve \<las drained off and 

the'slide flooded with 70% iod~ne alcohol for, 3-4 minutes; 

\.·ashcdwith 70%, alcohol for 3-5 minutes;' and was then ready 

for microscopic observ~tions (xlOOO) '''ith oil immersion or 

(urther staining. 

The 70'1. iodine alcohol 'consisted of .70% ethanol sat­

urated with iodine until a port wine red colour was obtained. 

This washing waS~eqUi.red to remo've the mercuric cnloride 

and prevent blaCjdeposits on the specimen. 

!tis not necessary tr invert t~e slide for 15, 

minutes before the addition of Nissenbaum's fixative but a 

.' gre.ltcr nur.ber,oL cells are affixed to the sllide .if the ~ 

amoebiic are a 1l0',;1:!d , to adhere to the glass ',before the fixa­

tive! is added. The t.-butyl afcohol present 'in the fixaH?,8 

,caus~s ildhesion of arr.oebae and 'f.lag,ellates to the glass . 

. 'i'hSfe is little. if a~y. distortion of the nucleus; 'vacuoles 
, ' 

or ,general amoeboid shape using this fixa,t:,ive,; 

!:Htotic events \.'ere studied in the manner'sQ,..!-, forth' 
'~, , ' 

by' Page (1967) · ... ithr..inor modifications. Spread pla"Ees ',;ere 

gro· ... n for approximately 16 hours at the optimal, temperature. 
. ~ \. I . 

a large 10opfu1 of arno,cbile was .!'emovad from the plate. sus-

pended l"nthe' amoeba, saline solut;ion and immediately fixed' 

wi th 'Nil?,i!engau::,' 5' fixati '.Ie.' The ill'Inediate fixation increased 
,. ", 

the, chances of amoebae being present on the..;slidethat were . . . . 

,activeiy undergoing mitosis. The amoebae adhere .to the glass 
, I 1 ' 
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and'appear normal morphologically while'the bacteria are 

washed off the slide. After the final alcohol rinse, the 

cells were' stained for, five minutes -with a modified Kernech-
i ' 

trot (Chroma-Gesellschaftl method. 

The Kernechtrot sta,in ,is, prepared by dissolving 

5 g~ Michrome. Nuclear Fas,t Red (Herzberg, Michrome No, 1023, 

Edward Gurr, Ltd., 'Londonl in 100 ml. of a 5%' (w/v) aqueous 

A12(504 '3 solution. 'T!):e slides were 'washed-with :de-ionized 

wateI.', and examined using phase optics (xlOOOl ~ithoil im-" , 

mersion until an amoeba undergoing mitosis was found. ',Observ­

'ations were then made jas ~o whether the nuclear membrane 

was intact, the 'appearance of th~,nuCleolus and ,polar masses, 
, " 

if any.:, "The stain gives clear definition'· of the nuclear bound-
lJ '" . 

ary and :of other co!li~onerits present w,ithin the nuclear 

membrane. Food, vacuoles' and other unidentified organelle"s 

also appeaI.'ed quite distinctly with this sta'ining techniqJe. 

J. (b) Flagellates:· 

Flagellates were prepare-q, as previously described 

under the Transformation section; However, no samples were . ,.1 

taken until t=2 hours. At that time, cells' were removed 

using 'A capi llary pipette and fixed w.1 t:li Lugol's iodine. 

I, These cell~ were then used to measure the numlier of flagella 

! .:: :;:~.the,.:;a::::: :::9::.:n:o: :~:9::::::":~1 len9th 
L· 

, 
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'. 

, 
J. (cl Cysts: 

, 
Cy,sts were washed with de-ionized water and a drop 

of suspension was placed on a slide with an elevated cover' 

slip. '. The diameters', of 10q individuals were measured and 
, , 

I 
the nuclear diaI!le,teors of 25 individuals (xlOOO, with oil im-

"" mersion I. The shapes, were reccir.oed and the cyst walls' 

st,udied for" the, presence lof pores', '. plu9s ,and, i;lther" structural 

a'spects. 

Several iiwestigato.rs have '~oted ,the apparElnt dearth 

,of pores in the cyst, .walls of pathogenic ,strains (Carter', . 
1970; Cu1.pcrt1ion e~ aL" 1968; Saygi et aL., 1973).,' Regular 

. , ' 

phase contrast light microscopy (xlOOO)'fililed to resolve 
" 

whether pores were, or' were not px:ese~'t in'· the st'rains being 
", ,-. ' , 

, . ..". / , 

categorized and ·further ,studids were, then done using a scan-
, ' ~ / ' , ,'. , 

~ing electron r..icroscop~ with methods modified from th~5e ~f 
Oarley and Lott.(l9,pl.. Cells were plated on spreadpla~~.s;> 

. , 
incubated at optimal temp,era.ture for 72 hours to 'ensure cbm-' 

plate, encystment}, washed four times using 2mM Tris buffer to 
, 

remove bacteria' and then fixed for 30 minute!!! 'in a fixatiVe 

consisting of' O. ~"I'phosphate buffer (pH 7.2.),' 4% glutaraldehyde 
," " , 

and 20\ glyCerol. Samples were theniinsed with 20\ glYc;erol, 

'filtered Md affixed to aluminuln conduct~ng tape (jM <::0,"., 

St. Paul, Minn.). The samples were rapidly frozen in iso-' 

pent,ane cooled by liquid nitrogen; t'ransfer,red, to liquid 

nitroge'n;an,d f~nally 'transfer.red into 6 inch py'rex test tubes 
, . 

, . 

d, 

. .--­'r . 

l. 

,', 
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standing i):l a litrc,plasti'c beaker which 'was 'half filled with , 

liquid nitrogen. Thc"tubes were hC,ld firmly in place bY,a 

plastic ,top ,that fitted over the beaker. The beaker was then 

p1aced under" the Bell jar of an" Edwards'; Vacu~ Coating unit, ' 

MOdel E12E4" a1)d pUIlipe~ using the rot'ary pump only until, the' , 

,'nitrogen had sqbliJned and reached 'room te..mperatUre.Thispre'­

,vents condensation on samples when they are "removed' from the :' 

va;~um." Di:"icdspecimen were kept under vacuum, u,ntil mounting 

and co~tir\g. ',Ali ~aJnples were"p're-coated with ca'rbo~: followed 
,,~ "to_ 

by paladiuro-gold 40/60 (E. F.,' tullan Inc.) and viewed us~ng 
. , '. ~. • .Q' . 

ian NMR Model 100,0 Scimning E~ectror\ Microscop~. Micrograph~ 
, 

w~re taken using ,a GrqfleX RH/lO cam~ra wi t1;l. l'!-ford FP4 120' , , 

. . 

. - ~'. ' 

black a!ld ",hi te pan?-chroma,tic safety film and a, 55 second ex-' 

posure time. Printing ,of ,the micr~raphs w,as ·,done on a'Lab­

oratory 13.85 enlarger.;,CDurstl' with' Lat~co 140 and Lat;ico 20'0 

lens (f8 setting), No.2 Ilford pape:t:.\ 

., 
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'. , 

RESULTS 
. " o· 

" . 
A. Samollng'and Isolatinq of Strains 

A minimum of,,29 strains of "Ia~g Zc l'i,( were ,i.sola ted. 

from ·It is. possible . . . - . the original ..... ;j;\ter samples (Table 1). 
" ~'., ", '. '., .' .. ' 

that mlf.ed populations cXistedw.tthin the'se. isolates ~nd ~hat.· 
I- . .'.... 'V . 

porel than 29 strains were actually pres'l;!nt~" Many 'samples 
\. .~ .' "'. ".. ' . . \ . 

contained several different rimoC!oic forms, none of which 
: ~ <." . . 

, , 
px:ovedto ,be lIacgZeria.- ' (ladgZe:·;'a:·may hav~ been,present in 

. , ' 

these· incubated samples but were 6U:tgrowo'by'other Protozoan 

1form5.:· It s~ouldal~o be pointed out that. in the majority. 

of the sarr,ples, only I ml:or less, was used for i'solati(m pur~ 
. , / 

If t:he ~onplete"sample 0lii a<n evel) .greater .. volU!r.c l:ac 

been used .. there undoubtedly woiIld have'been 
. . . , /' . ' 

stra~ns ·isol'ated.. ; I 

.-more. than 2'9 

'" 
All sa;:)ple,s .were 't:,.aken ;from·. the area qorcle::ed by .. ", ~ ~ , 

Hamilton t'othe,~~u~foron~6.to t.beeast, Guelph tothl 

west, and. !Hdland to the north."'I'he' majori.ty o,f'the samples" 

""ere'from public beach(!s 'A'here "the w~teir t<;nds to be. ~arr anc.' 
, , f" . - I' '. " ; ", . ,.' . 

placid, both\..fe,atures ·sui~ed to ampeb:\.c growth. . Samrles . tai<eri 

from are:ashig.h ,in 'or9il:tlic gro·,.,-th or 

.Co...j, 0'(:-4, '1IP-16, HM735', and F'l'~53) 

fecal pOllutidn (I.e." ; 
• . • • <:;.: 

conta!ned,sev~ral typei " 

, 
of •. amoebae '. 

, \ 
Only. si,x sampling Sit(!5 failed to yield any amoeboid. 

,. -,' . 
forms incubated. . At the time of 

. 
noted tl~il t these particular 5i tes possessed 

\; 
-! 45 ,I 
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1 ittlc ~ if any, \lege tatl ve g ro\',·th. Th,is apparent lac!<; of 

organic ma,terial along the banks and shores was probably due 

to the ,~p!)lical con ten tof 'the factory drainage ditch (Wn':'6 ' 

'and h1)-7) and the turbulenc~' of the Grand River (GR-40) and ':...-' ' (,',., " " 

Lake ,~uron (\\0-27) at these'parti'cular sampling sites." Ti)e 

!loval Botanic'al Ga'rdens rockgarden sample (RB-4 7) was taken ... . .'. 

o 

f.rom a sl)'\all silt-filled pool that was serving as adrainus.('!'; 

reservoir for a nearby road constructi6noperation and appeared 
., . . 

to be contaminated with petroleum products;',' 

Of special interc$t \.;as the iso'latiqnof amoebae 

trom the ''''a t:er filters of ,the Hci'laster Biochemistry;pepart-
, , 

nent (h'F-54). The filters are used to de-ionize .. ttce ~:ater 

u!"cd 'for vi ralcanccr research arid arc changed, at three mcnth 
" 

interVal:;. The presence of ,arr.oebae in these filters could be 

due only ,to their presence in ,the hospital, Hater 'supply. The 

amo;}bae ... ·c re possibly of the! !fa)' tl':!::;:nc na genus as they looked 

very much like in the amoeboid-form but failed to' 
, I , 

transforl:l into, flagellates. 

Fro;:l Tall.le 1 on the follo',.;ing ,page, it b<?cor.es quite 
" . .' 

apparent'that !la<!j!,'1'Ca" and like amoeba'e, can ,be isolated from 

practically, all .... ater sp~rces in OUI: environncnt and are 

capable of.occupying div~pe h~bitats" 
• ,.' 

.. ' ~. 

" 

c: 
I 

"~ 
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Sample, 

DC-l 
CD-2 , 
CD-3· 
DC-'4 
CD-5 

. \lD-6 .'. 
\/D--7 
CT-8 
PC-9 
E8-10 
£8-11. 
KC- i2 
1(8,.13 
HP-14 
HP-15 
8P-16 
DV-17 .. 
:DR-T8~ 
CT-19 
MC- 20 
SC-21 
LS-22 
8C-23. 
EC-24 
ML-25 
88·26 
\/B-27 
\/8-28 
\/Ji~29. 
\/L-30 
BR- i31 
PR-32 
HR-~3 

HM-34 
8M.:.35 
OR-36 
CR- 31' 
EC-38 

. ER-39! 
CR-40 
\/B-41 
CD-42 
OH-43 
YR-44 
Yi!.- 4 5 

. ". 

TABLE 1 

Salllp'ling Site , 
Amoebae 
Isolated 

De5j~rdin's Canal (D'undas) 
Cooi._~Drive (Dundas) 

'II" It II 

Desjarpins Canal (Dundas) 
Cootes Drive (Dundas' p.ool) 
Factorydralnase(Hamilton) 

I,· II . ... 

+ 
+ 
+ 

.+ 
+ 

Outdoor swi~1Il1ng'~001 •• + 
Port Credit ~arina (L. Ont) + 
Etobioke Beach CL. Ont.) +. 

,Etobioke R. (Marie Curtis). + 
MimIc 0 Cr·~ e k (Toron to\· . + 
Mi",ico B·each CL. Ont.) + 

. \Humbers ide Park (To'ron to).. + 
.. HighPark{Toronto) !. + 

., 11 It J +' 
Don Valley Parkway (Torodto)+ 
Don RlverCToronto)· +, 
roun·tain (Hamilton) 
Miss!.ssauga Ck.(Miss.) 
'Si;:lcoe .Canal(H .... y .• 400) 

, Lake Si~coe. (Ba;rie) 
Barrie Canal (Hwy. 27) 
Elmvale.Canol {Hwy. 27} 
Midland Lake 
801m B~ach (Lake Huron)' 
\/'mbol .... ood Beach (L.Huron) 
\/a96ga Beach (L.Huron) 

tI' tI " 

• f Lagoon (Nancy Is.) 
Batteau'x R. (Collingwood) 
Pretty R. .. . 
Mad River (Hvy. 24) 
Hornings Mill Creek Park 
Horni~gs Mill Pond, 
OrangeVille Racetrack 
Credit River .(11 .... '. 24) 
Eric· Creek (!lvy. 24) 
Eramos Ri-ver (Rwy. 24) 
crati.d River (Guelph) 

+ 

+ 
+ 

"'~r . 

+ 
.+ 

+ 
:+-

.+ 
+ 
+ 
+ 
+ 
+ 
+. 
+ 
+ 
+ 

Hwy. 6 Creek (WentvoFth) + 
Cootes Drive .Canal (D~ndas).+, 
Ontario· Hydro ·sit.e . (Dundas·) + 
York R6ad CDundas) + .. .. .. + 

. 

I· 
NaegZel'ia 
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Isolated Pathogen 

• 

+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

., 

'.+ 

+ 
+ 
+ 
+ 
+ 

.+ 
+ 
+ 

+ ) -

+ 
+ 

+ 
+ 

NT* 
NT 

NT 
NT 

i' NT 

. NT 

Nt 
NT 
NT 
NT 
in 

NT 
NT 

NT 

NT 

(Contin'ued) 
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TABLE I cqntinued-

Sneple 

RB-46 
RB-47 -
Hli-'4 S 

101'-49 
CI'~_50 __ 
cp- 51 

- FT-52 
n-5J 

- l."F- 54 

0_ 

SalPplins Site 
_1 

Amo,eb.1!! 
IsoLited -

I 
R. B. Gardens (ft",v. 2) 

" If ~.,' roekgnrden 
lialllilton Harbour (lIwv. 6)' 
Pond (lI",y. 2 ovcrpa~~) ',,­
Cootes Paradise-1I1'gli l.evJ1, 

II " c:1nal-H ..... '). .. ,0'8 
Fish tank-XcMnstcr BioI. 

" " -" " 
Filters-McMaster Bioehem. 

Courtesy A.D.Dingle 

*ST- .tot tested-

+ 

-+ 
,+ - -'. 

+ 
+ 
+ 
+ 
+ 

'-

11 ae a'l c 1'-: ci 
ls~lllte& 

- . 

I-

+ 
+ 
+ 

+ 
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, 

Pathogen-

- .~ 

NT 

NT 
NT' 
NT 

+ 
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Il. ,Pathooenici tv Testing of I'solates 

, l 

Since this research project was aimed primari'ly , 

ilt trying ,to locate possible pathogens in· the area, the 

,pathogc:'nici ty of rando!':!'lv selected isolates ,was tested first 
: ~ , . '.' ". '. .. . 

,before a decision,was made as to 'which, isolates wcre to be . ' '~, 

,eo~pared and charact~rized: Only 10 of the 29 isolates and 
.' I 

!;Il-l, the control, "'cre tested' for pathogenicity (Table 1). 

" 
NIl-l failed to prove pathogenic during this testing confirm'-

ing earlier tests byrulton (19'O)~ 

TO test for.~ath6genicity! the appropriate isolat~ 

.... as incubated overnight and an inoculum ,of ,approximately 

2.0 4 x 10 at:1oc:bac per, animal was prepared,. 'Ten or more 
<'. • 

15 .. g. m!ce:<lerc light'ly anaesthetized, arid ir:tranasally inocu-

lated .... ith the aroeba isolate. ".ll:~nirnals' 'were' observed:or 

-
the foll& .... ,in'l r:ix ""eeks for signs. of disease; All fatalities 
, ' 

.... creteste:d for amoebic in:festation by incubating the brain 
-" ~ 

and other organs on 1I~:" plates with live ,Laerogl'r.ct;. Of the 

isolates tcstcd, three sho·.'ed varying' degrees of pathogenicity. 

(il) 'Strilin ClJ-3: One fatality occurred three days after, an' 

o I ~ 2 (I '10. 4 tested on ],0 anim~ls ~hc Na~·/o·,·Zc!~i2 l.nocu Ul:l o. .:< .... as " " ., . 

that emerged from the incubated brai.n tissue \,ere extremely 

small, appr:ix',imatel!' 10"m or less. The strai'n f~ led to thrive 

an~ was lost. 

(bl StrainOC-4::rhree, fatalities resulted from the initial 

,pathogenicitytcst, one, at day 6 and blo at day"'- ,An inoculu:l', 
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.- 4 
size of 2.7 x 10 waS used with ~en test animals. The cloned 

' .. 
'. 

cell line proved. pa.thogenic, and ,,;as used for at l experimental' 

. pathology 'experiments and pathogenic versus non-pathogenic 

co~parativetests. 

(e) Strain'FT~52: One fatality resulted f6ur days after an 

inoculum of 2:7 x 10'4 was used with eieven'testanimals. The 

amoeha membrane appeared ruffled and amoebae' were slow .to 

emerge from the incubated b-rain "'tissue. Further testing of· 

the cloned strain f~ilcd to produce fatalities. 

" . 

Mice succw;\bing, to' PI'.HE· displayed the classic symptoms. 

of the disease; tha t 'is,' bri~tling. hair, extreme dehydration 
I 

of the bOcj· ... 'itl1puffy face parts:.; ataxic movements and .con-

tinuo,usci.rcling., he.ad scratching., foll"owec by ~ of. I!:~bni ty 

and d~ath.Opcning of the cadav~r disclosed brain tissue 

th<.tt .... ·as us;;ally hCr:'orrhagic a.nd/or necreitic ..... nd oifa~tory 

b~lbs that'were' soft and pulpy. The liver! and often the 
. , 

spleen, 'here llsuallye>:tensively enlarge[d withnecrotic.patchcs. , 

The. lung~ and heat't .occasionally appeared hemorrhagic but. 
\ 

necrosis was not observed. The intestin,11 tract .appeared 

black as a result of the darkly-:-colo.ured fecal material." 
I 

Al though"not ,only the cranial contents, but the liver,· " 
~ . . ~ 

lungs and heart w.ere·pla"t;eci from PA.'1E fataLities, amoebae: 

emerged.only from the brain tissue. 'Microscopic examination 

0'1' ,,'et squash mounts from' ~hese organs i1r.mediately fOl1~ing 
I ' 

"death fai led to reVeiJ 1 any .amoebic forms. However, . e,«,n if 

'. 

, . 

·-i 

" 

, , 
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, ,. 

amoebae were ~rcsent they would be. ~xtremery difficult ,to 
.1--"'. .' 

,discern in ,these particular ~rgans and failure to observe 

them micro~~opically c~uld ~ot be used as a definitive test 

for the presence or absence, of amoebic infestation •. HouSe - '. .' 

)blOOd lacks the amoebi'cidal 

and other,jnvestigators have 

. , , . ,-' - '/" 

factor present in human seruml' 

found troPhozoi,tes in these 

organs .. 

Amoebae were seen, microscopically in brain tissue. '" 

,They appeared very active in 'fresh mpunts. Vacuolescontain-' 
. 

ing a gold''n-coloure-d' subst~nce, possibly lipid, 
" I. 

were pr~sent 
, . \ , ' 

i,n amoebae, from brain tissue; these vacuoles are nat ,$een in 

c. Sc: lcc:ti on of Strains.' for Ta.xononic Studies , 
, I 

StT.ain?~lcre' ~cl~cted i'o(' pathoge~ieity, .,.piversity' 

of natural environment and com?arative qualities., !lB-l 

,was selected, to act as a cond:oi as it has Ileen" studied' for' 

many years and is .among"the bette,r taxonomically ,c'l~cribed 

str;,ins., ~iB:'l ;"'as derived by four single plaque- isolations 

of the Ca:nbri'dge 1518/1a strain'(Ful~oh:f. oiogle,1967).~ 

,Strain ot,-4 ... ·as the first isoiate ,chosen because, of 
.. ' 

its pathogenicity in mouse studi"es. It was' isolated fro:nthe 
i,,: 

Desjardins ,Canal, Ound'as, Ontario;, a 'sluggish fresh water' 

.' , cari'al contaihing much sewag~ material an'dQther org;l.Oic matter.' 

The sample "las 'taken on September 26, 1973, after a'long hot 

, spell in the region. "fhe tcmp~raturc of the 'I:a.ter. · ... ·05 not 

\\ ~ 

.. ' 

" I I 
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• taken at this particular site until August 22, 1974', when 

~ it regist~red 34oC. 
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Strain OC-l was then 'selected as' a 'conparative strain 

to. OC~4 as it was 'sampled at the same time and from the same 

site. It. however, was non-pathogcnicand appeared:to have. 

dietary, 'thermic and phenotypic differences. 

S;I:'rainCT-B 'was isolated from an oJtdoor swimming 

pool.' Th~ pool temperature ranged from 15. 50~ 21. OOC: 

pH from 7.2 - 7.B:'chlorina,tion averaged 1.0 p.~' (ranged 
. , 

fro!:l 0.6 - 2.0 p.p.m.'l:, the ,-pool walls ~7ere wa.~hed \4eekly, 
" 

. ... 

/ 

net cleaning was done.dailY; and,the wa ter \4aS ~nde'rconstan't 
:,:.....:" - '. 

ii 1 trati~n." CT~B ... ·as .among tJ:om6st, rap'idlY growin,l strains 
" , 

.. '!l ,~ 

isolated and. the most easi Ii' cultivated of the fh'e, selected 

(26 0 -2SoCl. Various fungicides and therapeutic ,agents for 

fish survival ... :ere used 
, ' 'I ,', ' , 

',ihen' req.uired,. ' FT-52' was sma ller in 
• • -"/'r ' 

, . 
size than other str~iils isolated, grew, very rapidly when con­

ditio'n's were , sUitable ,but '..ias j,.n'itiall} ,difficult to culture 

and maintain. Motlse pathogenicity ~ests suqgest ,that it is 

pathog«;ni c b,ut' not to the same ex/tent as ,0(:-4. 
,-:' 

" 

/ 

'-, 
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O. Suitable Cult~rb Conditions for'Selected Strains 

(a) M~dium - Only m'.A and NM plates sptead with live. Aerobacter 

.... ere tested for culturing suitability,There may be ot!).er 

media that wou,ld \,rovide greater growth but these 'are easily 

prepared, store well'and provide satisfactory gro .... th'for most 

laboratory work. It was found that CT-8and OC-l had'¢the 

.gre'atest growth whengro ... 'n on!1M while ,DC-4 and FT-52 grew' 

well' ,only on :mA. DC-4 at. this time had notc.ompletely adapt­

ed to NM and grew poorly WMle FT-~2' actually·decreased on 

this particular medium. NB-lwas not tested butw~s grown 'on, 

NM for most experiments., All isolates were maintained on'the .' , 

iredium that appeared,to be most sui table fot: tbern. DC-4 an,d 

FT~52 gradually adapted to NM and.NM-stock plates were then 

i~sti tuted fo; these two isolates; . 

. (b) ,Tell:perature - Isolates were 'tested· to try t'o determi.ne 

a temperature tha,t would' lead to the "!reatestcell increase. 

As may be noted in Table 2" 30°, 340 and 370 C were se lected' 
. '. 0 

and it was found that C"J'-'8 ,and FT-52 grew optimally at 34 C; 

, whereas DC-l and OC-:-,4 had the greatest inc:rease' at' 370C.~' 
, . 0' 0 

NB-I was not tested a.s ot~er investigators have s\lown 33 -34 C 

to p,roducethe ;most sat~sfactory growth (Fulton & 'Oing.1e, il967l. 

GroWth IJ'l'ail cases was slowed when isolates were 

inc~at~d' atI 300i:;, . regardless of the' medium used. . It may~e 
noted that DC-l and C'r-8 gr!!W ex,ceptionally \~ell or. N!«l . , 

me(;lium; The NM ~edfum provided' a denser bacterial' lawn and 

.. llvwcd a greater amoebaedensi ty for the DC';' I , and CT-8 , . 

.;,..'-
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. ;.: / . 
. Grow'th' of ~~latcs: on I;NA &.. NY'! at Various TCr.lpcratu~(:~ 

. , 
,. t 

The Tabi,e shows·the temperatures and media 
, ' 

tested to determine sui'table, culture conditions .for the, 

is'olates. ,!hree plates ~er _ trea~nt were prepared ."i~:' 

an ino~ulum fareach!strainas shoWTl.\ri,the column "t=8'. 

Plates were incuPated, at the various temperatures for 

20 hours, washed, pooled and, the average cells per plat'" 

dete.x:mined. Cell counts were· established with the 

Coulter counter. ~he medium and, temperature 'shO" ... ing·t!":~ 

greatest increase in cell number was selected as thG",:;s~ 
::' .~ 

sui table· cul ture conch tian., ., The amoej;lae tend to gro',· 

1o(ell at tel::peratureswithin 'il .given range (plateaul anc 

any isolate tha·t sho'.eda· greater cell increase at 34°,: 
. '.' '. 

would,probabl:r. grow as effiCiently at 330 C or 3SoC· 
, , 

(Cingle,persanal cOll1"lunication). 

, . 

I 
,I 
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, , 

TABLE 2 

Growth of Isolates onllNA,~ NM ~ Various Ternoeratures 

Isolate teO* ,T(oCl NM**' 'NNA** 

, 5 C:" 

DC-l 1.6 x. 10 30 1. 75, x 107 1.'85 105 x 
34 ',' 1. 99 x 107 2.1 x 10 6 

37 \i I 2.44 x 107 4.5 x 106 

CT-8 3.3x 105, 
x 10 7 106 30 1. 77 "2. 3 x 

34 I 3.38 7 6.5 
' 6 

x,107 x 10 6 37 " 1.3 x 10 2:1 x 10 ~; 

, DC-4 2. r x 10 4 
• ,30 

34 
,- 37 

1.5 x io" 2.5 x 105 

'2.15 x 10 4 2.5 x' 10 6 

B.O x 10 4 , 6.5 'x 10 6 I 
, . 

FT-52 7.1 x 105 
30 
34 
37 

2.5 5 3.6 10 6 x 105 x 
3.7 5.0 10 6 / x 105 x • 
4.6 ,x 10 . 4.2 x 1\0 6 , 

--:-. -
. ~". 

,~--~~------~~~-~~-------------

• Figures rc:::resentcells inoculated perplat'c at t=9 • 
.. 'Cells/plate at t=20 'hours. , 
,t TCl:lperaturc and mediulll,pr'oducil;l9 great,est: ,cell increas,e. 

;,' DC-I =N}! at 37°C 
CT-8 = ~M at' 34OC', 
OC-4 "'tiN;, at '37oC 
t"f-$2= NNA bt 34°C, 

, , 

, .. 

.' 

.,~.r.' 



isolates than ·the !:lore 'spars"!NW\ plates. The strain DC-4 

del::reased .. in cell density when . incubated on NM at300 C. 

FT-52 decreased at all temperatures when' grown 01;1 N~! and' 
.' 
proved extremely 'fragile even after llM stock plates were 

. 'possible. 

E. tal T~perature Dependent Rates of Advance 

'" 

56 

To test the relative rate of advance of the isolates, 

amoebae were inoculated onto.edge plates and the length of 
, . 

Hme that .they required ,to. completely clear the edge plate 

was. z;ecorded. These figures are given in Table 3. Strains, 

'CT:-8, FT-52 and NB-l cleared the piates iri- the shortest , 
period of titre when incubated at 340 C. Particularly rapid 

grO'ooIth·was apparent in the strains lIB-l, CT-S and DC-4 at 

the appropriate temperature .for they' required only ,35, 31 

and' 36 hours' respe'ctively to c.ompletely ·clear. the edge plates. 

Both FT~52 and DC-4,had a.dapte~ to NM medium and 

little, if any, differences could be discerned in 'the growth 
. , 

ra~sof these str.iins~n the 'NM and NNA media at suitable 

temperatures (i.e." sub-).e~hall ~ . , 

At ,room temperature~the most rapid growth was ; 

achieved by CT-S and an average of only sO hours was required 
. '. ' 

to clear a plate. By f.irthe slowest grorthat this temper-

ature w,as· that of DC-4 which required seven days to cover 

an agar plate. , 
:s.'A. . 

E. (bl Temperature Tolerance 

Table 3 gives. the critical temperat,ure b>eyond which the . ,. 
isola te ,cannot survive for any length of time. All of C 

! 

. , 

I". 
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'. 

the strains t'&sted'were able to survive' (in,d migrate for at 

-least _ 2 4 hours at tC1llper a tures beyond theuppe=.os t tenper-
~.' " 

ature at which they were capable of\prolifer~ting (i.e~,-

• clearing ,In edge plate). Only [)C-4 and- FT-52, the pathogens, 

.... ere' able to gr~": succt,ssfully at tc-~peratures ,,:ell beyond 

,no=al body tel:'perature. 
~ 

In all cases, the temperature one 
'. ". . 

degree past tre;.cri~ical tem;:ierature led eventually to dis: 
"-'--"'--'--''''---'- -'-" --- -

" 
integrated and crenated;;arooc.boid forms., There- was rio evidence 
. . . :- - . 
of cj'st fomilt;ionat the elevated tenpe'~aturcr' 

Of spec,ialintcr,est was stril'i'nDC~4's ability to 
. '~"" . 

proliferate" at 43°C (109.SoFl.iweilbeyond the range that a 

"u'il:ilble n·u':r.ient sour.c':: for DC-';:':until 42°C 1-.'.115 reached. 

th,is point the bacteria.were U!,.:-
" 
, . 

survive on th~ :::1;>. ;)latesl.in a suitable state to 

provide t~ c d d n~t'ritional sourccforamoebiccro~th. I.e n,e e _ " 

Thc'NHalate5, bv providing adequatc nutritipn for t~c bact~ri8i 
'. .. ." ' '- , . ~. -::;.. 
may have aflo-.. {cd . t.!":. (;f.)- t.o FC~Zii~ vi~bic and .availahle~"·foi:' the 

a~oeb~c. , 
, 

" 

i_ 

. 
~<I:;-. 

.. ...:~~? 
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• '. o TABL.E 3 
., 

• Temperature Dependent Rates of Advance and Tempe'rature Tcrlerance 
• II '. 

" 
, Table 3 gives the average' amou,ntof time required to c,Ornpletely clear an 

..•.. 

- . I 
edge plate at a •. particulartempel;'ature. and thecri tic.al temperature. 

,. 'I'he amount of t-fme required to completely clear an edge plate was deter": 
'. ',:- -; ..' ~ I ..' • 

o~mined .by fno'culating the'edqe of two -edge plates/str<;lih, 'incubating at th,e ·desired. 

.' 
4 

. ~ ~"'~ . . 

,-'-f' 

" 

.' . ~ '" 

1:emper-ature until complete clearage ·of the pl?te's, and'.th~,javerage ·amountof 'time 

~eeded,w~s,trn;n ,rccor-ded. . . . , 

, 
• . . , • . C> 

The cri. ticaltemporaturo i for the temperature toleran'ce results, was " 
. . fl'" ~ _. _ . . . ~ ,:.,~~ 

deemed 'to·be the highest. tamperature' at which an isolate, was capabla of clearing 
i . 

ap edge, plate.;', 

0 f 
" . , 

'. 

,. 
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" 'l'II!lL~: 3 " '. .' , ~ 

,i '~ , Temperature.' Dependant Rate~,?('1\dVliri~e, and Temperat~ure T~lerance j', 
. --~. :~ .. ".. .',' " . ., -~ 

,Strain' " . Tempera turea °c . 
_ .. 23 34 ,3§ 37 38' '.39' 40 " 41 42 ,', /43 44 ~. 

.(. ~ 
", C' "_ 

'. DC-'l ... "144 J 56 60 8Q. '- _. ..... ,,l,. ,(hr) 

~
'" ,:,~ 

. • ',~, t. 

CT ",~" eO 
. ; "'j:t" !:l 

~ 

3i 65 
, 

", . 
~ . , 

, . (hr) .,. 

• f ,~B~l' 100 ' ,35 '70 
G 

(h~) 
: 

, 
.,DC-4 (tiNT\) 168 48 dl? 40 .. ' 55 48 6() 72 (hr), 

''1, , ~ . , , 
(NH)'** , 168'·, 4·8 

,:;--

36 
, . 

'48 , ' 60: 60 60, 72' 162 , -(ltd" 

FT':':52 (NNA). ·10..,0 60 96 . 
I 

96 ' 96', 168 -' (hr) : 
• • p- .. 

.'~: 

,--- (UH}'*f.100 ~O· 96" '96 120 "-/ . (hr) , ,- ' .-

-
* .Average amount of time· (hou.ra) , required 'to cleat an .edge plat~' 
** DC-4 andFT-52. ware tested on NNA an<t,NM edge. and stripe, plates 

" 

.. ' ",' 

., , \ 

, ,r, 
. ~ 

\.. ... 
. ,'. 

(:;iii; - . 

~ 

< 

'. : 

U1 
\S) 

' .. \ 
, 



using liquid ~~lt"Ure, rather than ~e' agar plates used in all· 

other aspects of this research project.'. Using liquid medium 

faci li tates sampling at ,the predetermined 'time intervals, - . 
rJ , . I 

~imits the acc\.!llll!lulation"of met,abolic .... astes that might slow 

amoebae grtY",t'h.as weU as other' difficultiesi~herent ,in 

. usi'ng agar plates~ 
. . 

The .generation time for NB-l had pre-:- . 

viously been determined using 32°C' as the incubation. temper:" 

ature, con,sequ!'!ntly, the same temper.ature .... as used for one 

,of the. incl.lbation te~eratures (Lastovica 'Dingle', 1971) : 
" . . '" 

The 37' • SoC incub~tion temperature was used to determine any 

, differences .. in gro .... th rate at higher t~~ratures. 

TABLE 4 ' 
, 

SUIIIIII«ry* of Generation Time at 32°C and 37.SoC 

'T(?C) DC-l DC-4: CT-8 FT;'S2 .NB-l 
~ . . 

32.0 ~::;.'.l: 7 hr 2.4 hr 1. 6!? hr 1:-5 hr l:a 
.: . '- ",-" 

37.5 ,.: +.4, hr 1.6 hr i.75· hr LShr ** 
* See pages" 63 and 65 (Table 5, Figure 1) for. details 
**. NB-l. tested. at 320C' only 

r' 

hr 

. Strains FT-S2' s' generation time .... as·unaffecitedby . -,", . , 

. the differences in. tcmper..ature and .... as extremely rapi9. I)t 
.,', .-,::". 

at l)othtemperatures. ' The sam~ appears to be relatively 

t~ for Strain CT-8. Both strains' in· .their natural envir-

onment .... ouldbe·subjected 'be varying and elevated 

,r 

.\ 

'---' -. 
. -~ 

.. 
.' ' '. 

• 
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.\ 

temperatures over fairly short periods of tiJr.e. 
, 

Under liquid 
. \ ' .' . 

cul\urc conditi9ns' DC-1h,ad ,a relatively' 
.~ 0' 

at 37.5 C'and a much ,shorter one at nOc . 
. 

This was con,siste,nt with Table 2 and 3 as well as later find-

ings. It ,WOUld appear :that 0<:-1 grows well up to'~but'not 
. " ~ 

exceeding ; 37 oC.· T.Ms heat,-sensitive quali ty. could quite 
. 

concnivablybe the determining factor in itsnon-pathogenicfty. , . 

Strain DC-4, although isolate,d ~rorn the sarne source,' showed 

a ma~ked ckcre~sein genera tiontl:.le 

ture. DC-4 had a generation t)eon(jo of 

". 

with increased, tempera-:-. 
. /' 

1;6 hours at 37;So~, 
, . 

onlysuipassed by FT-'S2. . This'is ·cons.1stentwith"Table2 and ". , 

) .>:here it" ' .... as· noted ~hat the r~tc of grol;·th'increased dra-
. 

... "tically 'at, or \Sli9htlY tYO?d, norrnal'~Ody ter:'Der?'tur~ . 

exp~cted in a. pathogenic organism.·· .. Thi5. is 'to be 

'. ' 
" 

\ .. ' . 

. '. 

" 

. ',-' ... 

, . 

, , 

I 
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. TABLE 5 

. 0 0 
Generation Times at. 32· and 37.5 C 

<, 

Amoebae were grown to stationary phase on agar plat(:s, 

washed in MOPS-buffer, cell' densities established using the 

Coulter. counter, and ~.l rnl. of the amoeba-qu'ffer suspension 

added to 20;ml~ M()PS-bacteria liquid culture· (pre-wa~d. to 

the desired temperatures). 1'=0 shown on the table 'is thece1r 
. . 

densi ty in troduced into .the liquid cultures.' 
," . , 

The. :flasks wer,,-

. ,stoppered :tightly and incubated at 320 or'3"l';SoC. ~.Sarnples were 

·t!~en fro~ the' 37. soc incuba tingsamples at: hourly in tc::V" 1-s il~.: 
~ . " . 

. .' . o· 
-;---_~ .. fromthe32.0 C cultures 'at 2 hour intervals. Cel.ldt!nsities 

---'--------;---- -

• . ; 

. , 

were ·deterniried and plotted on serni-logarthr.lic gf\Ph paper ;lS 

cell::;/ml. of suspe~sion versus time (see F'i9~1~' ; \ . . . ". . . . .', ' 
.-. -!~, 

~e generation time for: ~1B-lhiJd' previ!ilusly been . . 
d';terrnined' (Lastpvica £.. Ding Ie·, 19i1l. consequently the s",::le 

. . , - \ . - . 
temperature was used during ·this'experiment. 

was used to. determine' anydi f ferel'lcesin growth 'ra t~:at hi(]h"= 

. tempera tures •. 

.. 
' .. 

• 

•. I' 
." 

. . 

( .' 
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"rAB!..!-:· 5 

G ,\ t i "r' ~ t'3" °c d' 3' 75°C ,crVi.rn on .. _ .. es (1. _, (.'\n . 
._, I. 

Cel1r./Ml of suspcrlsion 

\,(;-1 DC-4. FT-52 CT-8 I ~;B-l 
2.17x 10' . 3. 5 x 10' 

i ,. 32 0 I o I )20 • 37.5 .. 

1·2.25XI0~ 1.5xlO· 1.5x10· f 

'p" 32° i 37.5° 32° 37.?032° \37.5° I . . . ,I' 

2 
" -1'1 1 I.) 

, 
. " 

; . 5 
\ 

I 6 

,j . 7' 
; .. 
ii" 

. " 2y19x 10> 

2.6 .dO' , 

• I ' . . I . . I ,_.. I 

.
' :,', 8,'! )CIO" .. ,! 3.5 )CIO" . . . 16 .. 6 ;,.'10" 1\ ·15.75xI0" 

. '. " .1 \ ' , , 
.1, , " 1 ~ I 'I 5 I '. \ " " 1. 25lCI0" '9.0)C10' ,7.75xI0 !4.35xIO·' tl.DhlO 11.02,,10' 19.6>:10" IW.75x10 

• . J ' i" 
I j I ,. 

\8.6 ;i:o'" ,'17.35xIO" 1.1;8xl0 5 I 1'1.16xI0 5 
\ "' 1 , 

IL4 ,,10" .: 8.9;dO';! 'J.'J »10" ~.6 xl0 5 : 2.5 101O5 ,12.16XI0 5 . /z.15)Cl0 5 

I I '. I . 
ll.~ xIO'-!1. 78xl0 5 4.15x10 5 ;'3.55~105 

! 2: ',Sx}05 :.1.5 xI0 5 '; 2;2, ~IO'r, 6.58xl0 5 \ 6 .. 06xl0 5 5.9 xl0 5 1:5.07x105 
1 I . 

14:1'1<100, 2.2xl0 5 ,3.76XI,)!' l.0 xl06 19.7 x10 6 7.8 xl0 5 ,':6.06xl0 5 

I
' G < •. ' 'i '6'\ 6 G; 6 3.1,,10 11.1j:dO!: 1.25,<10' '2.15:<:0 .. i'S.(, :dO ! 4.4 xl0 4.6 x10 :' •• 0 ,,10 

\' '.! I 

7;5 xlO" 

1.5 xl0'5 

3 .. 3 xl0 5 

·4.75xl0 5 

2.06xl06 

Ig 

,._---, . ! ' 
. . I 

i;~:~'~_1 .1.7 hr," :_~_:~~~~~~, I1r_,_._1.6, h!' l.r, hr' 1.5 hr! 1. 65.hr 11.75 hrl ,1.8 hr I::: 
.'. Only . 32C'u,·· ... ct [(H' :;n-l 

.. :""1-

" ~ 

.. ,' ..•. 
CJ("!'n(:'~'(!liQn .t.: I:, 

• . ,: 
~ j\.. ,- ~- .-

. - ~ 

~ 
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FIGURE: ~ 

Minir.lurn Gene,ration Time , 

The slopes 'shown in Figure 1 are, those that ga·,," 

the shortes t gener,a tion time. All strains, except DC- 4,; 

the fastest doubHng,rate at'32 0 C. The'points shO' ... n on the 

'graph are derived from Table 5, tqeresults.of'one experir;:en~." 

To ascertain the generation time, portions of the s'lopes·.·e-:: r: 

, ','" ' ,,' " 5', '" 
selected in which the growth had doubled (e.g" 2.0'" x 10 to, 

, . 
4.0 x 105, cells/ml.l, and the~tim~ requr'red for these doublinss 

was resoived by re~dingoff the divisions on the abscissa unc~: 

th'e slopes. 

Strain' DC-l failed to produce, a' ;Linear gro .... th rate a~_ 
~. ..,", 

t=2 hrsand t=4 hrs. This may have b~.due to clunpin'J 0: 

':.-bacteria in the liq~idcu1turewhich, would give a greater c(::: 

densi ty than ~,as ~cetl:aily present. 
o ", ':.r' 

, ' J ' 
It may also' be rioted that (vi th the ~xceptlon of DC-ll 

'generation' times were' not' calculated from,Incubation perioes 

beyond t=7 hcurs. The, cell densities, at 6.12 hours fortr:cse ,,', , 

fou~ samples fails 
~; ~ .- . 
to corresi>0nd "to, the- linear relationship 

'es'tabHshed .during the initi-al seven 'lour period., This may !:c 

due to the,.,amoebae reachiri'g stationar:{ phase or' 't~ the deplet:c~, 
";1\ 

of the bacterial food' s.ource which would ,lead to reduced 

mitotic activity. 

" - - -, 0 • 

~~:-------.::-: 

, ----- • .'< 
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" 

.. ',-. G. Trar.,;forl:\i1tionKinctics and H~.i!'t Shock 
J 

The rate at .which il particular' s'train 'of .Vacg ~cl':'a 

transforms from the' amoeboid to' ~heflagellate phasc is re:;:. 
, 

p:-oduciblc' and an innate characte'ristic of the organism being 

st·udied. To. <\ limited e):tent, it is 'al-so ·~ndicative .. of" the I ' 

!!'ctabolic rate of the. strai)i-;-'< By he.at .shO'c;l:ing·,thccells-.·- __ ..... _ ...... _ 
'. /. .. .. 

",·ith sub-lethal tempc'raturesduring the incubation period, 

~'. '. , I . 
. the 'metal?ollc processes .can' be disr:UPted leading to over-

producti~n of flagellar cOl:\ponentsand a stat~ of 'haiririess' 

(i.e., multi.,.fl~gclla). The T5.0 of a·given strain is .the 

amount of timt. required for 50% of the' population to' beco.me 

.!:1u.,ge1 '}.~t,cd.~ 

. ; .. .., ---"'--------.,.---.,-.-,:., -.,.-'---r---:--------,------~--
TABLE 6. 

'Surr;:\ary ~! Transforr:ation r:inctics ~nd Ecat Sh,?c}:; 

DC-l: DC-4 ...... CT-8 FT~52 
~. 

i}. - (' ) 73.0 70.0 
, 

61.0 58,5 l 50 .:rn.n," .... )\ '. 69.5 

~'.(.;"~ ':) ~ /F 't,_ 

(2/)C). . 
2.2 2.0 2.2 2.0 2.3 

. '-V~, ,'I n" "IT:"'.· ".. b'" 
(38 C) . 

3. 2 2. 3 . 0 . , 2.2 -4.2' . 3.9 

• " C'e ,.t'::'''l'''';_-, :-.,-. -l· .. ~-n-d-F-i-s::-~-'-r..;,,-2-:-::-0-1-.. -r-~Q~::-e-d~.e-t-"-' -; -1--:
0

---'--:--...... ,.-'-­

""Hean m.:::;bcrof £,lacclla/: fagcllste .at 25 C (no.rmal traI'.S­
fOTatio~ conditions! <lnd, at 38 C (hCilt shock treatment); 

J.t:maybc noted in Table .6 .that'FT':'52 and CT-8 have 

a ?5~ much ~O' •. .'e: than \hC ~ther isol~t~?:'~hiS wculdsuggest 
. . 

i! f~stcr' ~.ctfjlbu~i~. r~t{;: ,\.:b.s 
J _. • • 

i'n op~ration Nithih those·t\,:o 

/,'. r . 

.. ," . ",-•.. 
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, 
strains for flolgellolr conporients {i.e" f'lag.tlla:, rhizo-. , 

. J • 

pl,asts und aS$ociated structures of- the. flagellar appariltus) ... . .. .' / 

arise ,:c 0:0:'0 during the initial' inC;~bation .period, ~As 

s'ccn in Table 4, the'generoltion times for these strains arc 
, . ~ ',' 

pill:'ticulolrly folst addi':lg further support to a faster meta­

, bo1l,:.c, ra te., 
, 

Of particular interest ~'a.s the chang'e :i.n the number 
" 

,of fla gell\,ycir c.ell with 'an el~vatad, tcmpqra,ture' treatment 

(Tilb Ie 7), . Strains .. DC- 4 ".and FT;:,?2 ',both pathogenic' in vary-

in~dcgrees, were little affect~d by increasing . ',' , .~ 

during the initi~l 40' minute incubatiol\ period, 
. .. \ 

be' expected in an' organ-isl': tapablc' of g~o'..;ingat', or.v.:c.U 

ab,ove; norr-al body tcmpcrat\ln, as the pathogenic st'rain~ 

~ust~ 1~C i~crcased tc~~crature, blthough Qf'rclativcl~~ 

sho!'t·d;.;ration, \,a5 'sufficient to alter the ",etabolic pro­

cesses of the non-pathogenic strai!ls as '"as dC'!'lonstrated by 
-r 

'the incrcilsed fl,~gellur.1 number, ., 

DC-'l ~'as not arfecte.d to ,the 'sc.r-:c degree ,as t1l3-l il r · 

CT-?· Its'opti:r:ol ~1ro· .... th·t.cibiJcr~t~r'C' .... ap~. ~7oC a!1c "U," sl:ift' or· 
, , 

only qne dr.grec, is very slight, yeta definite disruption of 
I _ ~. ' 

the flagc,111..l1,:-' synthesis' had occurred, . 

Multl.-flagellil ICay lJe a. trait of a pa~ticu~ar strain 
, ' / ", 

bl,lt u~der norr.1al transformation temperiltures none of these 

isolates. exhibited, thi's 7haracteristic, 
..... I I 

OnJ.y sub-lethal . . , 

tc~pc.r<1turC"s· in'ducec il r:0an ·mi.mbr,r ,cf fli\gcl1.'1 per cell 
) .. 

substantially g~eater than the two normally founej, 
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,FIGURE 2 

Transformation Curve 'of .l\reoebae-to-Fl~1qclla tes 

This figure shows the ,tr<l!\sfomation of the 5 

NaegZe!'ia str<lins under normal transformation 'cQnditions 

'(' e2~oC' T" buffer, 100 osciIIa~io~s per minute). 1.. ., :> , rJ.s, ,..' " 

Amoebae were" incubated .overnight On agar plates, . wi~shcd 

and suspen~e~ in Tris butfer~ The buffer and centrifuge 
I 

tube's were kept in an ice bucket during this, preparation 

period to ·prevent the onset, of transforrr:ation., Zero' ti.!7,C 

was designated as the, tim,:, at which, incubation~.at 25°(, 

commenced . 
... .'r, 

." .Samples of the suspensions were' remo'/cd at pre-

-detc~incc i~te'rvals, f:>:cd in Lu;ol f s rocline is.nd· eX.i1.r.llrH-::· 
, ,~,' " , 

I:1icroscopic~lly for the presence 6rabse~ce 

It maybe noted that all, str~jns, 

of flaac 1 li,. . ,1 
except for· OC.Jl. 

attaIned a '90+ .p·ercent flaccllation staae before the 120 
. ','" I ~ .' . ~ 

minute Doint wa's reac,lled: '" . nO!T.\a .... yo 
t 

in the 80 - 90 pcrc0rit"flagellatc range 'and r~rrly cx~~~,!,,~, 

this range., ,\i-;bthcr of D'C-l' s charSct'~rist.icswi!s' ,the' ",r,-, 

;/~ 

~';;' ',J,_ 

, . 

'. within' the. flil':V.:llut.c popllla~ion ·o~ la!"g~ l)t.:::lhc!~3 ·c! 3.~tOf"'~':c.~ -

lihapes pos~essing' t·~,o or J'!1oreflagella.' ,AI t~"oughthe!e'>'e :": 

many -illl'OCboid~flagcl1ates,' thc;C,,)jority, did di::play the tj',.,;c:: 

flagellat.e fusiform shape.· 

'. 
" : '. 

• 
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FIGURE 2 

.Tri!.osforrr:ation Curve of .:-.... t:locbilc·-to-F'laG011 ate 
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I TABLE 7 

" 

~\ 
Frequency of Flnnclla DistributDon 

Table, 7 ',shOl~s the number of fl.lsell;] ncr flagellate when the, liana Zaria strai.ns . . .. . . ." .... 
. .\ - '0' 

wet:e ·incubated at ,the normal .tran'sformation' temperature p5 e) -and \~hen 
ii' I 

incubated at sub';'lethill .temperatures ():'S,9C). 
o ' " . 

For the, 25, e fiequen'cy of 

the cells were 
~ 

distribution 

rc.';]ciings, the, arno,cb.le \,ere suspendea lIS ,for 'normal, trnri;fbrniation kinetic studies '.and samples' 

""'ere .t.lken ,1t t,;, 2 hours. Tcr the heat-shock treatrr.('nt, the cells were suspended in , , . 
the ,re,)ui.lr milnnet" but .ir1cuhatccJ inidilllY for 4Q minutes at 3Soe, 'thcn.'trilnsfcrrcd to the 
'0"" " ' ",~,,' 
25 e, water bath And ',ll.O\~ed, to inculJilte, for a. further 2 hours before silmples\oo'ere removed. , v 
, , 

,\11 s.lmples, we!"e fiXN1. in I.ugol's iodine. 

Eilch fre~llGncy.distribution rcprllsentslOO indiyiduals. " .. ,,,,, 

, /, . . ~',-.. 

<) J 

, I ;, .. 
-,.-.- .. ;:,.-

,':;;' 

" 

" r 
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,','tJ" 

. 
Str~in TCOC) 

• 1 

. ' " 

DC-1 ,2S S 
, I 3B ' ,0 

, , 

DC-4 ,25 ,7 
'3B, '6 

" 

CT-B 2-5 ' 6 
, .. 38 5 

' . 
FT-52 . ' 25 6 

, - 3B IS' 
: ' 

, ' 

NB-l 25 4 
3B 2 , 

, ' 

'-

.( 

o , I 

i 
• 

I' 
... -" 

T-,'IUU::, 7 

Frequcncyc..of F111gellil Pi5tribu,tion , 
:.lUl:lbc r 0 f flagc 1111 -

" 2 3 4, 5 6 ,< 
.-

77 6 iI 12 
- , 

0 0 
40 24 14 20 2 

BS 3 3 0 0 
69 15 .)0 0 0 , " 

, 76 14 ,1 0 . 0 
13 20 24 25 12 

91' '4- 0 0 0 
62 . 15 S 0 • 0 
I ~,.{., 0 

, ' , " 
,78 6 11 1 0 

" 10' , 'J..r . 36 22 14 . 
A 

,,/,~ ~ .. ·0 
~ 

, . 

, " 

rl 'e 

-
0 

7 
, 

• 
0 
0 

" 0 
0 

'~, 

, , 
, ' 

lJ 0 
1 

0 
0 

0 
2 

" , 
" 

, 

f~ 

~ 

,Hcan 

2. 2 
3.2 

2.0 
2. 3 

2.2 
3. 9 

2: 0, 
2. Z, 

2. 3 
4.2 

' , 

, , 

I' {~ 
, \ 

" 
-.J 
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, 
, " ,..., 

1m;, and :.x <).9ar plat~s at room 
" 

tc~?eratures'and ,in '~ealpd contil~ners the cysts of ali strains 
, 

retained th,:=i,r vi abi li ty aft,cr. 19 "'ecks storage. 

occurred within 2·1 hours of culturing.ontofresh cdge"pl:ates. . ' 

:ailed to excy"tafter only, 14 wec;:sstorage on tH·j pli1.tes. 

1-','- 5 2 cy s ts W(! re sparse on all' olates. , 
.. , ~?M 

'. 'I. !:e!;l$t.:tnc(..! o~ j',i-;(',eb~"lc £!!H~ C::s-t::; to' ne·sfccation 
I 

so1.u.tions· o"f !"'iaui.-'nox S03P -and ,alcohol-'.·:C)s of great import-
• t.. ~ > • ~'" 

l!:".CI~' • ... ·b::·[': h~1n('!"lj ~g t::',C; :st:~.:d,ns o.!"'.c .?rcyerit~n'~; '?ossiblc~, . , ' 

:,,-.: 
'"::'-",: ~~:-£·=--.~!t':o;;· r)f- Inboratory equipr.1C!1t an.r~ !C,s.e'9rc~ pateria~. 

701 ethanol as well as 

Li.qui"-No:-:. ~, 
,/ 

The ~dd~tion.of c~thcr of the soap solutions or the 
. . ~.~. .\ 

s-!.:·spcns.icr.s .rc.sulted "in irt.~cdiatc 
.; . 

1. '. "" 
of the orS'anl'Sr.'l. 

, , 
!;:::-::l.:"'rS1C'H:' 

. \ r _ . 
The 70~ alcohol, hC'Ic'Ver,\appearcd todamago. the . . . '.- '. . ~ '. . 

(L c,., they, aprear-cd ra ther: r.1ucoid) and the' cys ts 
: "'.- . " I . 

:ilile:d to (:;.:cj':;tafte.r·'platin", onto ~rcsh agar-plates. 
. .• e 

. " 

' .. 

'-

" 

. , 
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~r 

':Ji of the cyst under a.d.vez:sc. c6nd'itions aRd ·the lack of resist-. . ~ 

. 

. anc~ to 'desiccation of tIle amoeboid form. . . "-
',0 ,..,. 

I 
',s described' uncier Steriliza·tion in Hethods and 

" 

Materials, to.9re,.'eht p0!isible contaminat,iori o'f research aninal 
. . ",.. l; .' I i 

.t'.aterial,: all' surgicill 'tables, tools,. etc.' were. <scoured. ~Iith 
". .' '. . . 

.. "". ' . 
~iqui"·!·;qx follo~iec! by ~O~ .ethanol. ·Cysts .are not found in 

. . ~ . .'. . 

tissue anb as d~nons~rated during' this particular area 
" - .', • "j . ' - -

of the! research project, the arc.oebae are highly" susceptible 
• • '. 0 _, • , .... .. ~ 

• 

~ t'b des) ccation' ~)y SOilPS' 
i' ',' 

and';l;~OhOl.All~iSeasedanjm;)1s, . 

discasea.tiss~eorusedfqr culturing 
.' 

yurpo£e·s, and surgic.ll>jJ.'o:~es Io.'ere incinerated to destroy the 
j .. 

cysts.- . I' 

... "\';.'~.t" ¥'.~ ".1 C' '-'''~·1.'':'-~'' ,'. '-';'d~"'~~ :r.·'<·"',.:-.4.'. ~.~. 
J. • ~ _ . .(~ _, u:":'''':'::':' '",:"",:'-~'"-I _='J-=c= .. c:..=c . ......;.;.;'::. •. :.:.-=o..:.~~~\~., .. _..:.---'-.-'-I'::: .. -'.'-'.'-,c""X-",..:.ao..,"_lo..,O_ ...... _~ 

" ~ I 

J .' 

'i 
., 

" 
r 

J, " 
.Quali,ta~.i~c rnf~roscopic observations of the f501a tcs' 

.' 

. I '. .. '. 

~ugg~s.~~d· n di~~crencc i~ ~:.i zc ·!;et...,·Dcn the', va r iQu~-~ t.;:a~:15 . 
. . . . . . 

, • ,<' • 
:Dir~ct M0a~Ure~6n~~ using . an·· o.culi1!'" r.itror::~tcr·;~·erc 'IT:ad~' to. 

.... ,' D' 

·c!·(!t(.:mine i f ~ J.ctual·q~arttiti!tiVc (fi:;e~(~~'c(·s' 
. . ~ .' ., . ' . '! . " . . • - • 

., 

Ob-
" .. 

S~!"\·iJtion'S ·..:e:.·,C ~J.::.)o ~;""',dd'(; e~ncct'n.\~-~·g ··~rst·.s~-ruct.urc "and 

3b:';~'~;·':'l.h:':lIi~t('> S!1iTe,.}"'tt~~r.'~ o~ icco!:'~t.iOn"mitO':i';: . 

p~OCe!l5eS, and the ~l'ia?e ond number 'of vati,<xt!; ,.org1'.f1(·llei;. 
, • . •• • ..t< ~ '- r,··.. . :. . . 11 

( ~. . c·l·I';.:..lu~· c· ...... :I~~-,a.J:.·t" .... i. Ie v;Jc'uolc's," c'~c:)· h'i,t;.:;Ln· the" ,,:,,'Ci" nu e~~, v , 

. tropho7.oi tc' !i protop h\,,·:n. 

:"~ll ~s't~'a1.r~;,' ~'1r~- t'r~~r:~~(>rrcd tq. ~;~.~,.~ ",·it:fl ll.-\,c' t~::!'O-
, . 

-:. '.: ,"': .'" r' 

. 
/ 

'-
--- ---~- -~ - or 

,.. ~' 

. ,y'.' 

O"'sr.·Y"""' -:1--' ''''Il'S .... 'e "" ..... ~t .. ~ ..... ','~ , 

'. 

. , 

. ,:" 

. . 

• 
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This cor.-mon culture was used to ens"ire that, any de-

Q 

vi ations found ,among the strains could not be attributed to 
1 

'a, rPa.rt~cular medilL'n' but r:athcr were'd,efinite differen'ces. 

74 

~;on-nutri0nt agar precluded components within the medium' af,.. 
~ _ _.. - T 

'fecting ·th~ p.bt(l~;~:'lic procc's'ses ~nc/or. gro·.·.'th ·piY~te~r..s o~· 
C> ,," 

the selected str,!insa~d allol;,cd c'omparisons relatively frep " 

, frop c."traneous factors.' '.l\xenic media: ",ould have been the ,': 
, , 

most suitable, bu~' finding tHe .optimal axenic culture for cilch, 

strain, j s a ti,me'consuming ,anld' vcry' Ge11'anding undertilking';, 

ilnd not, suited to. s<:lch a short-tcrnl project. 
. ~ 

,THe rncastJremct\ts giv~n in Table 8 ';aJ;:eto be' used tor 

ir.C'..l-!;Qting t€.":::per.)tur~ or'sci."l?ling tiJ:',e Here altered.' 
, J" 

t , 

(0) Si zc- T:le ,(L":'locbdC ra:1.gcd fl'c'II\ 10',;n - 34\:.l~ '.·;hen --'-'. " . . . '. -. 
The lcnGth~~rcadt~\~~tio oi~es.an 
. . '. '. -

o· t~~ O'H(.~",:"' 11 bodj' si ze \·;hcn cor..pared \-;,i-th: -. .. - ~ , ..... ) .... 
" 

t "("' """"c' ...... ,. 'en~' "-"._ ~d~ '-~. _';',_' ~, .... , •• 5trilin C'C':8 I,'as ·fol1r.dt:o be considercblY. 
, 

net 

". '.' . , . .. 
.!"",(~r~t:; a~ .(!l !.{e::-('~~. t(-~pcrc1~urc'$ o:~d 'b~ (lif~c~~nt !::~di(l~ ':"'hr.,.: 

• 
a~6ebic. flagellate"ilnd ~yst' forrn~~ere illl ltirgcr thQn other 

Q 

strains." . Strain '·FT.-52 ~,"'a.s.··cons.fster.\tly s:-,-al10/r. tK(lr.~ t~c 6.t~cr, 

strains wYlile DC-1. 'OC-:4.ar.d NB-:i ~:crC'relatl,vely,'similar in 
. ',' 

" size. 

, . 

" 
, " • 

" " 

\ ' 
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TABLE 8 , 
'r·je,"'!s.uremL\nt. of .'/· ... ;·(:ler~·a .Str'ains 

, . . 

Eilch p~ramctei· '·.'as ·1'1"",,;ul-(.'d fo:: 25' individuills 'ex<;,ept for ~he' amoebae 'lengths, 

cyst diar.:cLers" f]<!"g~llilte body -}cn<:,: tJ:s 
c' 

and ~lilgella/cell which are the measurements for 

100 individuals. 

:\11 lw~.').3tlr!~-r.Hjn·ts -\':ere f11adt~· l.I!~~r~':! ~)hll!"H~· contr.).~:;t optics with a Nik9n FilqrMic ro-
''\.I, ~'-: • 

~,,:t,'" ca1ibr<llcd ; .• "dr,st iI stage micromi,tcr ',,,;,th divisions of 0.1 and 0.01 nun'. A,Ph<l~:p 
I 

' , ,. 
';0 1,:>,.'j~(Ctiv'~ {x4Q}l 1.:r.;; '"~cas u,;"d for 'Ill me ,1 Sllr'cr.C"l ts,. except nuclear diameters (xIQOO, 

\~~. tir-. oil ir.u~ •. '!rt'~C:;') 

," 

. -. 
" 

. j'" 

' . 
. 1 
.\:', 

> 

'c'i!i 

-J 
; 

.' • 

-r' 
", . 
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1'.:r'-:1t'!1r')C: 
I7~t', .. :-r:-in 'l·ocodio·· i o~,· .,.;;.\'''{·i .... • - •• ,..... , • ... -- ~. !< .'" • • -' •• ' 

}~\~'-' n 

PO':'!j' l!",tlC)th:br(:adtr.., r .. 1tiQ.... 

thlt~!«1r ''clia~et(~r; ri'\:~ce. 
" . :.:\! c1 ..... 

" .. 
'C~J~~tractile 'vncuolG~;/c~ll 

. C','!;l!:';: -----.;:_. 
(>/:~t <.!i;lTfl~ter; rur\<.tr' 

~·i~'1r. 

:!u_cll'!ll!"' (liatr.ctcr-;-, r',~ngc 
;::'t:.\n .. 

Fli':"'.'l!J'tcs: --_0>:-. :~'_'-' __ 

B~.>(:·,· tc-n,~~,th;' rtlngc 
~-:(~;l~n 

·Et"l." h'!lgth: brcad'th ~ 

t~,; .. ~.(:,~ 1] 0 lenc;J.t h-; 
:'~':~n: 

r.' ""1'1 '~'/'ccl1" .. _ '.' '_j' .!.. c '. 

** S(;(~'T.J.blc 6 

filii· , ' 

rilI1qc 

Tidn,:~ 8 
" 

'I ':'\(~'-!l"'-('R't" at: ,·,-..-.1"'1'4· ... Str~l' ns .. ,_ ...... _'-- _':" ,,~> _ ..... ".f-:, ••. ~~ (~ 

" 

, , 

0::-1 

, 
l-l),O-~S.O 
, I d .-) 

. 2. 8:o!.' 

3 •. 6-5.3. 
, 4.1 

'1-4' '. 

·6.5-14.0 
9. 3 

2'.8-5;0 
, 3. 9 

'i'.lC-4 

14.S-33;0 
'q 8 , J. I • 

.2 ,·8: 1 

3.0-4'9 
,I. 0 

1- 3 

8.0-16.0 
11.8 

2.8-5.0 
3~. 9 

12.5-19.0 ~1~.5~21;0 
15.9 17.6" 

2 • 0 : 1 

10.5.-.13.,5 
12.2 

2.2 

~, 

'2.0:1 

11.0-19,.0. 
15.5 

2.0 

CT-B· FT-52 

19.0~34.0 .11;5-26.0 
26.4 15.7 

2.7:1 ,'3:1 

,.~" 

3.8-6.6 
4. 8 

1-2 
'.. ' .. 

10.0-J.B.5 
13.4 

3:q-6.2 
4. 7 

14.5-29.5. 
21. 5 

1. 8: 1 

12.0-19.5 
... ,;).5.0 

2.2 

3. 8~5.1 
4. 4 

1-3 

6.0-11. 5 
B.9 

2.6-4.8 
3. 7 

12.0-17.5 
14'; 6 

2. 0: 1 

10.5-17.5. -
14.9 

2. 0 . 

• 

NB-l 

11. 0-26.S 
1 B. 4 

'2.7: .1 

3.1-5.4 
4. 2 

1- 3 

9.0-17.0' 
lL.7 

.'3.0-4.9 
4.0 

11.5-21.0 
.:17.1 . 

2 ... 1:.1' 

11. 0-19.5 
15.0 

2·. 3' 

-.l 

'" 
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,FIG:'JRE 3 .(--, 

Frequency Distribution of 1\moebae L~ngths , "'\ 

,Figure' 3' gives the frequency distribution. of arnoeb'ae, leng,ths for the five 

'" 
; 
I, 

I 
I' 

:strains under stu(l}'. . 
, , i 

1\moeb,ae I,'ere incubated PlY;·qrOl,·t!','plates for approximately 18 :hours, rem9ved'~ 

I direc:tly fr6~'the" p'l ~tes' ,}nd i su~p~ndod . i~ a' hmiging 'dro~prepara tion wi th Page 's amoe'~a' , 

Afte'r the iI1110eb.1c· hi1d,adhered to' tho a lass ,s lido and resumed normal move~en'ts, the 54) Ii ne ~'~ 
J ~ _ • 

~ -,' 
measured usiX~(x400} phase contrast~ptics 

. -h'rlnths of· 100 
, ' D 

ind';,viciu.:l,!::; 'in locomotion \':ilfi 

and, il Nikon r i 1 (l r :-:1 i·crb:~p (t' r.' 
. , i' ,"' 

',' , . 
It is ,a~p~rcn~ in Figure 3 ~hat thcCT-QpDpulation lies in the uppe~ range 

" 
, • 

St~a~n FT-52·was slightIy.£maller thiln DC-I, VC-4 and NB-l. 
• I . of dif:'0nsions !:loa!nl!""'!. 
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The flagellates ranged from a mean length of 14.6iJm 

(FT-52) to 21.5.,:n (tT-B). As in the, amocb'oid form the flagel'-

,l~{cs o'f liB-l, DC-l and, oC-4 were ';ela'ti\lel1' similar i'n length. 

The·mean f1agellurc 1enc;thin all strains"\'las within 'the' I'imge 

12.2lJm (DC.., 1 ) and 15 .5;Jrr" (OC-4). The p,,:ge lllL'TI length of 

CT-B ~:as .consi derably shorter 'than, the' flage'lla-te body 1en-
',,' 

gth(L c., 15;;m'versus 21.,5,;;m respe~tively) a.nd only in strain 

FT-52 did the flagella len~~h exceed the'body len~th; 
." , 

'Thecyst;.s' ;-anged f'rom it' Neah,diameter,of 8. %m (FT-52), 

to-. 13. 4~r.\ (CT-B). 
. , , I 

-",1 thquSh the rr.ean diar.eters of str.,ins 

Dc"':r, DC-4 and:::B-1, as \.;e11 as th~ ·other two j,ust' ,cited, 
\' ., 

a?Pf'ared to' bedi."similar, ,'the di~.cter. measurc,\"ents fe'l1 

O\',,?~ a- ·,!e'!:y ·ltirg(~\r;'l-;.:S~.! (If'i,e: ~}-·st size co'Ulq not b~ used.. as 

a 'str~~~"9~id·e. to·st:t-5'in. ~d('ntific'C~tior1: .:\11 str3ins haU SC;'1C' ~ 

lit 'i:':~y be noted thc)'t.· the ·.anocpoid forr.1 v-'as l'ilr<?cr" ~~ 
~ 

,cjcn~rdl si·7.~J t,!l~:'i the qth,cr 'f-or:r;~ ·a~.d· th;l"t th'e fl'ag~l'ia'te 
.... :., c', ' •• : •• ~-' . ... 1cro ...... coplC .c ... ., ..... 

,\ - .. 
. ':-";in'::!~ion Df- ri.--:"";, ;-:')t~lr: ·.:!";"';',o,::;)~~C she.·.·: r~ln~' contracti.lc- ':~";'~~u'-

ol·snr.cllr-,~-; 7:0'/0 ·:'rj: ':aryiD~" C:e<J'r(:.~s.~\, .. ithiri. the cy.to!Jiasn. 1;1 

c;en,:r",l, the <l:c:oc.hal: il!J~~ilr ,?1uid. ":;hiS ~s n;t true of the . 

, 
t13g~11~t~s. The 

( 

'.:-

" ,-
.~. 

',' 

.. 

, 



.... . 

.so 

, .. 
condens~d an!3 this ~nc1udc:s the ri'uc1c'i wh~ch,acco~ding' to the 

. -, :'" 
r:;easl;rc!:',cnts givcn in'l'a.b1e 'S,: . ['la'je' a sm.allcT diame.ter 

" than th'at f.ound .inthe amoebic form. 
, ."., - .' , 

(bi·Locorr.otien'- Strains CT-S,' FT-.52 andNB":l proceeded 
. . 

prir:larily vith monepCdi<~l <:'xtensions,' .... ·hcreas DC~ 1 and DC- 4 " 
."'.' - .~''',. 

often producec: mu1tipodi a l·'is{nlctures .. 
. . , . . St,rains DC'; 4', CT-8 

~' .. ~ 
anq !:B-l-"t'bved in a 'r.c'latively sineoth r:lanncr· while DC-1' and .. , 

fT-52 were 'often sinuous whil!! in motion.' . ouring increased 
'.. # It • 

activity, a1'1 strains produceq vio1ef)t ·~y,aline.erupt!i.e1']5 but 

this ''':.fls .Morc 'restra,inc':, .:or absent., a:t '101'1 temperatures e.r 

under lo',:-.ac.tivity c0114itions .(e:g.,onset ·of karyo}:incsis). .. ~. . . . , ~ 

F~agcl1atcs.6f all 
. . . 

0f "the - fl.agc·lla und no 

str.a.~'ns mcivecl ~itl) ·vi·olent thrash-, 

strain eli:' f~re~ce~' in lOCO~o'tibD 
~could.,·h.c disc[!r:;_~,d~' 
"J'~, , ' • '. I. 

.~ . 

.fquna 

..' \..". . .. . . . 
in t~lc ,cl")rr'cs~~6ndinG u0ocboici-forn. :In thc ·amoc'bac·, ,the mean 

. I • " ." 0 • . .-

. . . . ' .. 

..-·s" ·....:u,....1·¢~i .. · di,}- .. tc'" -,...unc .... d··fror.i.3~7 .. r.; .... ;.\...! ••.•. - -.- "",". - .. , ...... , 

(CT-a), 

" 
r·uc'_'··'r ...... ~~\··:.l""'·; ;.. ... , ..... " ·con,.1"'r's~.·d • _...... (.:~ ... _"A<..6 '_,;. • ......... • • .......... i!1. 'the . ' 

tD '4. 7:,I: . .'(OT-81"; ~·h: . 
. ' . " 

. ': 

Gitf~r,(!nC0~ tr-e 
c::.~..t· or not·'~,s net 

clenI'. Studies on more thnn25.indiv~ouals wourdh<)vL!. to c.'C 
~. \ 

undcilakcnt~"rri\Cc a~rn~aningful statiklical ~iffd~c~ces; 
. . " . 

. i f<;lny •. 

, , 
".The nuclear di.ametcr would he 0xtrc:r.dlYdependent . 

:...") .,.' . " I ' 

on the l:1it?tic;: st\'fi;'b,of thc par'ticular indi\'idual.l' " . .9 . 

• -ii.", • 
. ':, "9" 

'. " 
\. 

"'. 

., 

. 

. , 

" I 

'. 
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" 

The' nuclear ai'ameter ilppeared to bear li,ttle re-

lat:iOh'5hi~ 'to the m9an amoeba len"th possibly becaus{! the 

amoeba~ends. to :,shorten and roUnd-up, and the' nucleus enla'rges 
. . ". c.' • ; . 

-as the ilr.1oebil enters, r.atosl.s; t!:lerefore,' alth~fh the. amoebe' 

area ,and nuclea'r dia:c~;ter. increas'ed, the l,e'ngth would tc,nd, to 
.:'" . ",' 

, , 
decrease' ... ft \o:as observedl.n carlier micro&copic work that 

' .. 
at 'te",peraturc$ 'above ,.the opt'imal temp&raturefor a particu­

)arstra'in, the, nuc'lei and amoebae were often enlarged possibly 

'beca~se'oL"~n ,i nab li t:,: to conplete kari'okinesis. . '. ' . 
If!. addi tion" 

6c~as.ion~·fl.ly r.:,?,rc than one nucleus was 5~en i-~ en-la~s~~d . \ 

<!."ll'Jehae at, t1lC.Se: increased te~peratures suggesting, an i'nabiH ~Y 

to ·cor..:)let·c C"ltokinesis-. 
~.~. b 

is dependent 'to 'alilrge exten,t pn the incubat,i.o(l tenperaturc 
. ' . 

Cone t,hc st;~~(~ 'of<,div.isiop of the cH7'.ocba'. 

" , 
The n~cl(!Qlus ·~a~·usc~lly roundcd~ but,occasionally. 

~')(cC""""'+-
... ". t~ "" ,-

, 
',' thc:-e. a:':;i-Je J. r.e'(r· to' he 

, . ' 
1 i d:,lc .. nr-iat'ion in .shape ... 

, . 
. .0,. " . .' 

1\11 st~~ins undci:"'~'cnt intr(;\nUC~e'll~ kar'y~kincsis"9r 
.... ",'":1 

·:.>"::o::itQ~.; i;;· .. 
, I '.. " , 

out the, qivl'sion, prpce,ss ',2.nc thc.-nuclGolus:clidnot cisa??ea~. .. .', 

Cd) Contb,acti le, vi-.cuoles, ,fo;;,d vacuoles - From 'one 

to f,our: contractiic' vi\cuoles' ·.'ere .. ,seer, in the 25 individuals 

each t ' , . c: ~>,;.cJ' 'u"v s: ral!1. c .... t;-rl!1J . ..... ..Ao.~ ...... ~ .. 

. ..' . 

."'. 

'1 . 

. 
I' . "·lI 
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•.. .-.. 
,. 

~ .. k\ 

to vary constantly as various s'izcd vacuoles coalesccd and , 

dispersc'>! \"ithin any particul~r amocba, After staining, 
! . . . 

ot.he.t:,,ll!uch . sma ller vacuolcs 

, .' ·:~t, '.,., ' . . ;.:" 
'be seen and th(!se appeared 

(possibly food vacuol~s)' could 
\ .' . 

as rolled membranous structures, 

" 
I., i\s' f.\Cntioned earlier, DC-4. ar.1oebae growingi n brain tissue 

cont.i.liried .large- vacu'olcs ,filled ,·:ith a golden; ~:axy sub-

stance ·th"'t' r..o'!cd freely wi thin 'the cytoplasm but vias not 

dispersed in the normal manner of a contJ;<lc'tile v<lcuol~1 and 

-may have been·enlarged f06d vacuolgs containing lipids or 

dther brain material, 

·,,··i t~(.'.ut r.-:ultipodial-t\·~e str'..1ctur-cs ",-hen inactive. ,. . .. - . 
The uro-

ped: \..1:-:-. {or uro.id .Frocess} is fou~d' 0, n: the r)ostcrior nortj on . J. _..... .. 
, .', . . . I 

C ~ -, •.• : - ""C -. \ 
• • 1:.0 •• ' <.1 ••• l:. 

• • 
t.ri}i1in':i qn(':or'::'or'e fine ;;~!ort fili:.r.(~nts,,: .Uropodial s·truc:-" 

,J . ":.1" • <>. 

lures' .j.,,"Cre .. bcc~sion.diJ.~· s~cn or. ·r.:c·!':"~crs c: all sclcct0(! 

'straiMS duri~g loco~otion. 

'the stace o~·scrved just prior. - . . , , 

, 
inv<lriably con't.1i n;,J ::-.at1y :ri~r..be·I;s· .(11% or9rca,ter) that r(J-

. ,,-, 

, . , 

ret possess'6dflagella" .This "he no-
. . ,," ~ . <. '-; " 

(!'c':'r'~(r ~~(l ne'!c.- exc.~cdcn '4~ of '~ .... ;: ,0.. • .• 

, •• ,-'<";:,' ' coun tied, t.lle, ?orulat~on ,::;eln9. 

o ' ... 
..! 

. / 
'< ,! r , .•. " . .... '-\ . ' 

.-

" .. 

, . 
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Cysts were usu'ally spherical but':6ccasionally ovoid; 
• 

the '"a.11s appeared smooth and double. Cysts were usu~lly 

unil1uc1eatc but large cysts occasionally were binucleate. 
, I, , 

trom one to four pores :with p'lugs can be seen in F'igures' 4, 

'5, 6 and 7. ~!ore pores an~, pro?ab ly ~ present .. bu t ',oIi th e lectrcon 

r..iciogtaphs it is impossible' to establish the exact number., 

, \ Figures 8 and 9 (DC":.4" t'hepathogenic strain) fack defin'iti.·Je 

' .. 

. , 

~. . . 
apertures alth9ugh .indenta bons 'are apparent on the cyst in , 
:i9ute ,'I." 

Cysts of'al} strains generally p~pearedintact ,after 

'eXCj'stt,cmt, but :ruptured (Figure 7) and collapsed ,'cysts ·.·:crr, . ' 

, 
61so p~eficnt. 

\~ --.,.. 

:1 n s u:r .. -:a ry,' ·dI r·c ct r;c(~st:rc!:'.cnts conf i rr.e·d t~c 

si:,:c' 0: C:--8 .and lr:!]ser sizG. of fT-52 D1ut failed to Dro""i(!·~ 
, , 

(:;~t('rn~c"c·s··~n ~hn other ~c~surcr·ent~._ "- _.. '--.. . ..... .....,. - , 

CT- B. ' .. :as in ~thc too ranee of si zcs "':hen' cOr:'.n().~~d w'i"th othn.r . .~. . .. 
. , 

pub t.i 51u: c! . ::'.: ;.~ j ~ ,.: !' ::-:; ri':"'.C.:iS uter~cn ts (tu'lto,,; 1970; Page, 196-7). 

Only , l' 'D"["-l' c,isp." lj',;c,'c, an'." ,dist~nct S ... ra,r., ..... 

,£..1 uSC ll.,te .... ·.cs c.~ons!)icU'ou's ag .f ... ·n:; the' 
Ji) 

fl<lgel)ilttc:1 

isol~,tc! .. 

rjt.c i n· .. ·ari,a·b 1y obsc rvccl 
.' '" 

-, ' ',,',. 
,Tr.Q i!r,O(.>bold-.shc:.:>~'(-. '.~'. 

, .~: 

les-s than 90 perc(,nt 
" 

In the cystic forn, CT-B char<:!cterist,iqall:: bad 5e\'er1l1 

. pl.-ugs·- and !)orcs, ·.' .. h~.!r'ca·s fc\,:qr. "'ere .note~ ·in tr.c other s·t.rains. 

( 1 DC " 1 • 1 ," ... ' nC"l'··r, p·o~,e, s~.,...nrtur' I,'c" ','Jut, CO~riCe,' i,\'(',·.bl·_~~ 
.)~ y,. -... (""!C •• ·.<;c .. a~.~ .... 1. '- '~'T..! - ...... -

" .. "; 

/ .. , 

t, 

., 
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FIGURES 4 ,- 9 

Scanning EI~ction,~icroscope' Studies of 1nc?lcr{a Cvsts 

Microgra'phs of dysts of the' various' !.'acylcl'{c strili::,,; 

were' made to determine the presen'ce or absence of' pores ilnc: 

plugs in the cyst cell walls. 

cys~s were incubated for 72 hours to ensur~ cornpl~t(, 

en"QcY'strr,ent. washcc:l and fixed for 30mi'nutes in O. 2~f 'phosF~:'t" 
. . • . • . I ,. 

buffer (pH 7.2). 4% glu,taraldehyd2 and 20~, glycerol. 

vlcrethen rinsed, ,.:it!l 20% glycerol. filtered and affixed to, 

,al urninurn ,conducting tape. ranldlv frozen. in isopcnt-on'c coo}·~,:_: - .. • . . "'!' 

by li~uid nitrogen; trilnsferrBd to liquid nitrogen anc'! 'finilll:' 

tuil}0r ;.:as ·th0n placcc'in an EcJ\.;ar:ds Vacull."':1 Cop:ti~\g Unit ,J.;;.:,~ 

pUlT?C'd usir..?, ,il. rot(try~ pur.~? unit ur.tiI:' " the 'nitroc(~n :-1,'ad ;'u:J:':;-
. . . -. ." 

the s~rn?lrs w~en 
, . -. 

t:-hcy Zlrc I-cG.o;.'t:.:d :rC",.;n ~'-he vaC:}l,'j"l. ·.11 ,~-I,_F. ~;". 
, - -' .... ~!"< 

, ' 

1000 ::"lcct ""0'" . "." ', .•. ~.- :~c--·-· ..... ,-.'. '.'- ,.~. '.-- . ': ..... 
ro.' 

o 

,,, 
i ' " 

,,' 
- . '~ 

,,' 

,~ .. 0 

."Q. ",' 

-' 

, 

, 

\ 

" 

'. .' 

I ' 
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Sc,annina Electron M~croscopc 
" 

Studies 

FIGURE '4:' Strain :,3-1 , 
Note the prdmincnt·porc structure ~n the ,non'­

.pathdgcnic :H3-1 C'ist. 

(Magnification. 12,dOOx) 
'. ' .. 

. , , , 
" ' 

<>, . 

, 

.' " 

' . 

~ 

_ .... ·il~ noted th i'-:.. Y~~7 ~ :':" 
, . 

. , 
<? L. j:. ~ : i ': '1 .,: i :";;"7! , :~ '-8~>J:.:;,., 

''y -

, 
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Scanning' Electron' ~·ti cr<9sco'oc 5 t'udi cs of :/~7.~" I;."! C' !~':~ (~ . . C·l:' ts 
.\-' .:~ " .~ 

o . 
.<,;;.~ 

. ~ I. 

StraHl ·DC-l ,:"'" /' . 
,". ". ! 

, 
i 

"/'0 

FIGURE 6: 
.,' ' .' 

,. ~.' .:./ 
:'A non-pathogenic isolate sampled froi:"" the 5a::-.(: 

(Magnification, 12,iioox.l 

1 

" 

, . 

I· 

; 
. . . 

' .. 

, ) 

. FIGURE 7: 
.. ~'.' '" 

Strain F't\- 52 .' 
, .' . , \ . ~.... ~ . , 

'. 

" promincnt '·pore. i:;l'Ceh in"the 'adjacen,t "DC!",:::.,.: 

with a possible plug. Thecyst,al~o ~ppear5to be .... un·t·· '\--<. t· .... :: ...: ........ ~. 

but thi 5 Il\ay be an aitif act. Strain f'1'-S2 · .... as pathvgcni:= :.'~ "! 

only to a limited extent .. 

(Magnifiba tioni12,50okl 
.~ 

.'-....... 
------.. --.. /' 

. ... :. 

1 " 

'. 

~. 

L . 
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. Sc~nning. Ele'ctr.on !olicroscope· Studies of !Iaeal,'r:: r.: Cysts .. 

. ~ . . , 

FIGURE 8:' Strain DC-4 . , 
. ' , 

No· pore structure can be ~isccrnc.d in .the pa thor;';,", 

. --':"','cy..st wall structure.. The' outer surface is. lightly ridged 

with only minor' indentations ... 

(Magnifica~ion, 12,OOO~) 

". 

, I. " 

I • 

• . 
FIGURE 9: Strain· DC-4 . 

I 
. -" A possibl'e. p'ore or aperture (note arroW) in the cyst 

wall of the pathogenicOC-'4 strain. 

(Mag1iificlltion, 12, OOOx) 
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L'lc'wccasiqnal member wi thin the p'opulation ~ay have possesse~, 
! \ ' 

discrete pores, thar~'ere not ?bservcd during t:he' scar.ning r-,-:-',' 
,,' 

clectr5>n ... iet-oscope stildy, It i$ qili tc apparen t, however';'~ 

that if pores al:e present in DC-4 ,cyst walls, 
,'" I ... ,. , they arc not in 

. t;'e Gar:lC' tiburid,'r;ce as. tha,t. found~n th,c other, ~tra'ins'" 
• I. <, • 

~\easuri';fCj sUbstantially lllore tnan 25'- 100 individ-

ualS ~i~ht orovide distinct strain'differences and' further 
: 0' •• • • ': _. .". _.' • , 

, clectrofl. t:J.i crosc"o'pework: would undoubtedly con.fi rrn the,' pre.,. .. 

5~";ce ,or absence of eyst p.J>.res i:n the 'DC-4 stfain. 
~ ":" ~ 

However, , 

the, pr,i .. .epurp0l>e of thisst,udy,was tolQcate, ifpossibl"e, 

a"pilthogenic 'st"rain,and compare its, vir~lence to other kno',;n 

i'pa.l:hogcn~ c:i ::":l !.~ I':;a. Conscqu,:m tly, the, nurr.ber of cell,S' 
, ' . 

\ .. 

and or<tane.He;;;" meaSured ~:ere restricted to the same 'nU1'1beras 

'u~ed py' (as,,' (l9JI 'and there. ,is p~obab1y no Signifi'cant' 

statis.tical oata to be found 'in such a 5[',a11 sampling, ' 
\' 

. , 
It ' .", 

r:;.',", 

i" 

" ' 

\' 

'", 

-, .. 

" 
" 

-' ~ 

" 
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1: •. : Experil1'ental' Path&locy <00:-4)' . I. ,. 

Test 11: The iohg~nal test.- forpathogenici ty o:t: the hetero-

geneous'OC-4 isolate. ,The inoculation' t~chniqu~s are 'as desc/ibed" 

· ,~nthe section Pathogenici~y Te~ting ,~f Isolates. .' Ten test· 

· animalj ~er~ uscdand, ~n.'i.n.oc~l~ she~~2.7 x 194o-~oebae/' 
anftlal. Three .out.of the teh an1!llals 'succumbed' to PAME. 

, 
Test t2: OC-4 cell line was clcned' from brain .tissue o"f the 

first fatalityresulti~g' from Test n. Test 12 -Was ~riducted 
, . : _. . 

to ensure that. the cloned line retained the flathogenic aspects 

of the original isolate .. TWoaniinalsdied e,;f PAME. .~, 
• . " -' ' . '4"" 

(Inoculum size", 2 .. 7 x 10 -and 10 test, /lnimals) 

Test '3: IThe il'loculwn size was. increased to see'if ''10 relation':' 
~ ; 

ship existed bet~~en s'ize .md,the ~umber'of fatalitie~. ' Carter ,. 

(l970)foundtt.hinoculum size co~re.spcnded positively with' the' 

. , , IOOrtali tyrate and inve rsely with the leng,th of the dis~~Set -
, . . '. . .;. 

General' obse'rvat.ions were also, madeconce:r;ning....di ,!oi-i,ent~tio~).l . 
. ,. 

of mice and· thei r subsequ¢n t recovery. 
. '4 ' , 

tInoculumsize - .4.0 x' 10 and 1,2 test animals) . , 

Fi ve of the 12 . animals' succumbed to P¥ffi whi Ie .3. disp layed signs 

of disorientation but recov~red.' Table 10 shows the, relation- . 
I 

ship o.!. inoculumsi ~~~ersus fatalities a~ the 'various' i!,\oculum 

sizes tested. . A posi~ive relationship app~ars' with a definite 
". . I . ~ . 

· correlationbetwe~n' inoculation dosage and the number ofi:esult-

· Ing fatalities~ 
I. ,. 

• 

, 1 

· · 

. , 1 . '.11 
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Experimentjll Pathology Test Results. (DC~4) 

UNA spread plates. (NH plates .for· Tests t7 and B). ''''::!'£: . 
\. . .' . 

priparcd a~d incubated overnight at .37
o

C. 
. " '....,. .. 

The amoebae ...... e re I 

then ~;':-I:loved. washed and resusp~~ded in sterile de~lon i zed . 

. .... ater at adensiEy of ~106 an:oebae/ml •. as e,stablishcd' us.ing tr.·j· .. 
• 

Co'ulter counter, 

1\11 mice were female S .... iss;i-Ie.bste .1S g.(except ~n 

Tests H.and 9'). Test anitr,als ..... e·re lightly anaesthetized usin<: 
. . . ..' . . 

'.' " 

anhyd.rous ethi:;I' and held with the :vent~al surface upperr:cost. 

"1\dis.posa'ble'-l C.c. syringe and 26-gauge hypodemic needle .... :cn: . . ~ . 
~_ . . 0,., '.,'., 

. used to.·'intranasally introd'l!ce 20;.1.-40,,1., (d9pendin<;c:~ ~h' 
.. . '" ... ' ':... . . ' '. . .' / 

dC!Jiied inocuium si'zelinto their ·nostrils. ·!Thean~l~.)ls :~.'.l"t 

be .breat.hing deeFly and c.venlt to .ensure lcmplctc bll<1l:ltio:: 

of' the inocu~ \11:\'; 

Ffvc .anir.als ..... ere fnoculated \·ritt. sterile de"i(.:-.i :.::) 

. watc.r and a sJnilll ,; . .?rc:'ac~,,·,. 'P?pul il tionand. used as centro 1s 

for each test date; 
.. " . 
. ~~;: 

',nimals were ·then observed for the follo'.Jin;' :;ix ..... ccl:s o·~ . 
• 

for signs of'disoricntation, 111:(1· morbi-ci.';.·,',- Thosj! cuccur.bing 

for PA. ... ,E by Platingtheir~cnts, liver. 

\ 

i\ 11 Itn i \!l<ll s 
. 

. surviving. sil!( wee;';:;. and in ·good hcalth:werc·· dcst,roycd. 
' . 

.. 
" \ 

, 

I 

" 
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EXtierimcntal Pathobgv Test Resul,ts 
. ,.' ,", b.~." . 

" 

<DC-4 ) 
I 

, - . 
\ , 

'Test 
No. 

Inoculum 
Size 

Animal, , 
\';eiaht " 

Numl:ier.& Day Fatalities 
,/ 

Disoriel\ted* 
Animals 

2.7 x', 10 4 
15 g<>., 

'2 2. 7-x 10 4 
IS, g.: 

3 4(0 x 10 4 15g. 
, . 

.. ~ , df _ ,Pc'ath -- P/HE 

'I @ dilY 6 
2 @ d<fy '7 • , 
l@\day 2 
1@ 'day 7 

, , 
, \ ' 

3@day2 
, l' @ day 11 

." - " \~. . 

.3/10 ,. 
, , 

. " 

\ 
.. "" 

I 

not .observcd 
, . 

not ol;>served, 

, 1 @day ,7 
oJ @ day'S 

, 1 @ day .20 , ~/1~ , 

4 4.0, x 10 ~. 

5 '4.0 ,x 10 4 , 

6 

, ' 

I, 

"/ 
• , " 

20'<;;. 

IS, g, 

, .. 
2 @ 

I @ 
1,@ 

" 1@ . ,; 

15-a.~,1@'day:ll 
, -

l,5 g. ). @ day 2' 
: l' @ d,i!Y. 4 

i,@ day, 9, 
-l'@ day, 13 
1 @ day 15 

g;';·"2.1i x 10,4',15 g. 
; 

",1, @ :day 2, . , 
" . 

2.0 x 10 4 
.. ~ . 

• 

1 

J' 
@ day 3, 
Q day i3 

. 
1/6 , 

-' 

~,J/ll 

'1{6 ' 

4 @ day 13 0" 

" 

, ; 4 @day .7 

3 @ day 11 

1 @ day ,2 
2 @ day 3 

• not 'obsenjed 

' .. 
,,'\ 

',', " not\bbservcd, 

• ' Animals' severely disorientc'a,' hunch~d, cirCling and 'hair 
, bristling but recovered " 

.. ,~ Initial pathogenicity 'tes,t' consistir.go~a mixed population, 
. e :. . .. ' . .0" amoebae,' " " , , , ' u. lunoeba,e inOCUlUm grown on, NM ,rather than- regular NN1\ plates 

-~ ,." 

, " .'0' 

, " 
' .. 

. '. to 

.' , 

.. " 

". 
: 

" 
.. 

, . 

.,: 
.:: 

I 

• . , 
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Test t'~: The gcnenil b'~serv.a:tionsma'de du/ing Test #3 con.., 
, " . '. .' II I . 

95 

ccrningappa!tcn~ ,recove~ of ~~verely Q.iso~ient~dand ill 

, 'r:'.i'cc, ""ei:e teste? in·amor~'quantitat.ive manner,' Also. included 
• • .. . !" {. 

'" .., .. ' " 

in this te!;lt .... as a Comi>aris'onofage versus/p6ss.ible' resistance. 
. . . - .~ . 

. (Inoculum' size =, 4.0 x~'104'witn 24te~t ,ani~als; ;0 g. 'each) 

. , \lalf of· the inocul.ated. mice were I'laintain~d in'the 
d, 

, . 
usual mariner and anYfa'taUtics 'tested for PAHE 'and recorded. 

'. t ',1 " I 
~, .. 

The 'remaining half were- sa'crificed at Day 3' and the brain and . - , . ", 

. , 

. bod); .parts 'P lat.ed in the usual manner, incubated and 'observed . . . " . . ,-
. 'c, .' , , , J 
fO'r possible amoeb1c i'rifestation. A comparison was then, made 

/ ' ... bct":ccn the 'n~..t>er6f mice' that succumbed to PJI.!-IE and, the nun~er 
'4 '... ". • 

;of s~lcrificed'mice"thathad pbsitive ~oeba These 

, ',results .... er,e also later compared for po'ssible age resistivity 

",it\:l the,' resultso! Tests ~5 andtS:' 

Tablc41 shd· ... s· onlY\~ 16.6% fatality rate for tlle 

20 g • .I'lJce altho~c;~:':i3% of the sacrifice~ al1,imals.were infested.; 

erne p6irlll'th~t was: .nqted . ~'as the length or' sui:vi va1time cif , 
, , ' '. ", , ' , ' ' " " '. ".. ' I 

thd· two,' fa 'tali ties t.ha.t both occurred on Day 13· .(seeTap~e 9), 
.' "." .' 

, , ': pppr~x.im;tql'l 
I.! ~:,: . ,< 

6 ,da:/.!i aftrir7h~, ,onset of syr.:ptOr.1s. 
, 

"'I?oss{tiiy show lcrcatcr· re'si"st"rice to~thq,.dise<lse. 
.. ..' • t·. ' ' 

• . 'l-' 

To further test ·for spon-n,ot ncc~s'sai:ilY fatal 'in all Ci! is. 
,', '" I.. 

. ;. tahCousre·~overy.and possible, 3': .c 'resistivity, 20 animals,l,S 
i 
I 

\' .I 

'.'. i , ; 

/'~-. 
I 
/' 

g .. each; were inoculated •. Ten were, ... ·atched fdrsigns, of Pl\J-\E 

" 

/. 

, / 

" ' 

.. 

j 
d 

,~. "'" 
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Inoculum Size 

, "4.0 x' 10 1 

, 4'.0 x 10 2 , 

,4.0 xt0 3 

2.0 :ic' • .104'; 

2:,7 x 10~ 

4.0 x 10 4 

• 

TABLE 10 

,1 nocu lum Size versus Fataiities . ' 
, ' . . I~ 

Fatalities, 

0/10 

" 
0/10 

" ,J 
-:c 1/10 

, 

!'/ 
I , 

3/1'1, 1/6 
• 

':lllO,' 2/10. 

" " 
5/12, 2,/1'7. 3/10. 5/12 

~ 

, , 

% Fatalities,,' 

0% 
, , 

,0% 
• 

' l~% 

23.5% 

25% ,", . 

32.6% 

, Legen~: ,Table 10 includes all frtalities over ,the ~ntire /ex-
7 ,- ~ •. 

. perimentall'esear~h period.' This incl'udes 'Te'st' ~1 which con-
, . 

,'sisted of 'a mixed, heterogeneous amoebic"population; Test 14 . ,. I 

which used latg~r a~imals and Te~t "9' wh'iC~ tested younger', • 
, '/ ~, " 

anilllllis. These' d:i:fferences do influence 'the, data; for 'example, 
" . ' a . I , 

if only Tes-ts t3, 5 and 7 result$(whereonly uniformly ~tched, 
. ., -',' " .. ' .., ; ~ . 

'. 

" .. ~ 
........ 

, " 
" ' '. 

" 
" 
, ' 

~ ,:. 

: 

tabuiate'd',with an inoculum si,ze gf animals were used) were ,- ... 
4.0 X 104 • th~fatali ty rate ,for this particular ino~ulum s.ize;' 

",: .' " • ", ~ • r .- ;':~', i:~:' . 
vould average 38~5'rathe;- than the'12.6% shawn on Ta~,le 10" 

" 

/' ':' .. ~ 
-. i 

, . 
.. '---,--- --- -- --

_ .... :: 
, .. 

/' " 
'( 

" .. 
/ 

, 
' .. 
" " 

, , 

-: l) 
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." 

..... hi le·~, tl).~ rcma~ning ten were sacri~iced at Day .) and tested 
" . " 

a~1 described in Test. '4 ... Resuhs 'were ,later compared ,;,ith those 

of Tests 14 and ". ' 
".', 

.. (Inoculum size,. 4.0 x 1?'4 .... ith 20 animals', 15 g; each) 

Table' 11 sho .... s that' the 15 9 : animal's, had approxi­

ciately d6ubl~ t~e mortality rate, of the larger (viz., older) . -. . 
anit5als,; 30\ fa.talitJ!~s versus' 16 •. 6% as .... ell as 100% infest-

' .. " 'j 

,ationfvers.us 33% infestation 3 days a~ter inoculation.' Deatns 

r a,ng.ed ,f ror., 
.. 

to eight days 'afteri'nocu1ation,' a m~ short~r 
i.. • 

t. .~ ... ' 

, ' 

period "th/lnthat seen in'Te!;it t4(Ta.ble 9) • 
. 

. Test t6: Carter (1970), u5~ng !I; fOIJZcriisolated fro~ ,!. PAME 
1--

':liictim " fOUnd tha't. only 39' amoepae could produce' a PAME fatal-
- . .' 

ity in a mouse and that theLDsO for this,particula~ strain 
. ' 

was 300, amoebae. Th~ LOSOis th~ number of 'an:~ebae' required 

to kill s'O\o! tne. inoculated mice. 'An: 'attempt; was made'. to 
.,,', {i) " .,' 

, 

,establ~sti ,the: mini.mu.'I1 dosa,ge and' LPSO for, OC-4. 'Serial dilu-

tionsof TesttS inoculUm .... ere used resulting in' intranasal 

• . 4) ~ ',' ' 

inoculation •. Ten '::est'.;animals ,wer:e. inoculat.ed per dilution; 

Table 10sho....s the d~athsresultil'lg from the 'dilutions. 
. . II' • ". ..., '. 

The lowest dosage leadin,g t,o ,il fatill'ity .... as, 4.0 x 10 3 ' ana a~' .:' 
. .. . 

. " 3' 
. LDso' vas n?t' attained .. Several animalS, in the 4'.0 x 10 group 

. '. '. . . " . " . 
~C6me severely disoriented 

, , 2 
~curred. 'In the' 4.0 x 10 

duringtbe study but only one death 

~nocu1um size, animals bec~~e dis­
I 

':9riented' but none ~o ,any extreme deCjree. 
.,' 

The anima1sreceivi,ng, 

..~ .. 
":". t ~ 
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T/\!lLE 11 

i 
S~ontaneous Rec,o':ety Rate versus Anir.:al, I·leiqh\:. 

20 g. 4.0 x: 10 4 

15 g. 4.0 x 10 4 

15. g.' ••• 2.0 x 10 4 

. 4 
10 g. *···2.0 x .10. . '. 

16.6~ .... 
I 
, 

30% 

27% 
• . . 

1.G.; 6 % 

. ' 

. . / 
Infestation·· 

33% 

100~ 

91% 

100% 

" 

( 
\ 

, . ;\11ima ls' succlL"t'..~i n9 "to. Pb .. '-!E 
l,nim" Is sacri f i.c.ed and exhibi ted aJ:loebia infest'i. tion· after 

:I" :. ' 

. • 'incub~-ti.o~ I •• • ~. ~' 
••• ,",,,"oeb,,c i"noculur. cro>;n· on :;W·Il'.edium as cOffioared to: the other 

inoculations ';:'hich I,'crc. all gro·.·n o.n:t':::A '.. 
•• ··"Allal)lr..als · .• ·ere from the' same litter an mixed·r.-ales and 

.-E(~'Males ' . • . .., ... 
Arlil:1als' in Tests ;4, .5, 8 and 9 were treated' in the 

:01:LowiP9 .rnal1ner. 'Ha1: of' e.a.c'h. inoculatt:d g.roup was m'lintaincd. 

cond.i.tion s· ·.hile ~hc re::laining·.half Here sacrificed 

a1 nay 3 Dnd their cranial contcnt~ (including the. olfactory 
. . . '. / . 

bulbs) '. h~art, lungs and liver ',;ere incubated on. !l:-JAplates 
.' 

The nU!l'.bcr of ltlce ~hat succwnbed .to P,\HEIo.'us tiler'. 

:w-, °d h k o· &. sac·rifi.ccd i1.ni~als -that dC:i.ons.~trat~d cOr""!:»a.rc to· ~6.'(;': nC.l!.o.Je·:"' '. . . 
'ainocbic'infestation'~ As can pc seen in Table 11" in all cases 

the rate of infestation ..... as s£~nifica~tly h~r than the • 

fatality rate. 
,,' 

'. 

.. . , 



" 
,I. ~ ..... 

• -, , ,- . 
. " ". 

"9-"~ 
':1 :.1;.," -, . ., 

','\. I . J. 

appr;?x' rna tely 40 ,:mocbae, fntran:sa~ ly disPla~ed(noadve:rse' ~ , 

cffe s. ' ' 
" 

, > 

, . 
! ' 

Tes't 17.-: It. has been noted thatpathogen~-c isolatrls 
, 

grolJ p~rly, ti at all, on arter,' 1970';,/ 
1;. • 

, ,-
" Culbertson , 

, ,'\ 
,but It ... ·as ., 

", ~ . 

19~81. 'N!-I is' a.cl.lJute salt meQium (0.,251) 
. " '-0 

noted that ,DC~4 originally,grew very poorly 9~ NM ." 
, . . ' 

plates~ After tJ:e cell line was success,fullyesta~;'iistied, on 
k" ~, 

!<M rn~d_iwn, the pa,thogenic'ity of the 'clone wastested_to~see if 
•• IJ • : ". ~ 

,!iM r:lCdi ~ rn.l.qh t, have reduced _ or enhanced .J.ts pathogenic:l1ty f.or 
• . ~ ,.'. "i ..." J. 

mice.- or itsvir'ulence, Results werecO!r.pa:~d with Test. #3 

(!<!lA-grown amoebae):'and T~stt8 for dosage versus fat3lities. 
, ' 

(InocUlation size := 4.0 x 10 4 ~ith 12t~stanf~is I" ", 

, , T:Wle 10. s~~s 'that NM-groWt!am~bae ~rD~ed.' j.~~,t as 
~" , ~ . 

virulent, ,as ~NA-g,rown DC-4in Tes,t, 13 (Le, , '4~%). Fatal-', 
, , 0. . 

,it.ies ranged ,oVer a ,period frOm 2 -tolS .day~with th~~O- , 
. . . . 

, , 

above. the -c;tanicrl pav~ty. 
' ... ' 

Test 18: The s,pontaneous recovery rate of. NM~9iown.iridPulurn 
vas tested as well as the ,posSible, corr~<laHcm of dosage to 

f • d' ." 

number of fatalities. " -

'. .' 

I 

'. , 

. ; .. 

" .... 

-. 

" 

, <4 -
(lnocui~tion size ~Z.O x 10 with 22 test anima,ls). " f.> 

Test "8,~ri'elates Wi.th Test' t7, (s~e T~bies 9 and 10) • 

" 

, " ,~ .. i 

. , 
I~"'" ,- 'r 

~, 

. 

)' 

• I 
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i\n inocului:l of 2.0 x 10 4 led to 27' f' '1" , 4' . .' ata Lt1es while·4.0 x'lO! 

led to 42\" fatD.lit.ies respectively ... l,tis ,consistent with the direct 

rdiltions!\i'p ,bctweel1'inoculul:I ~tze ilnc;l resul:tin~ fatal,ities:: 

'with NH-grown 'ar.,o,ebac that:. had already .beendemoristr.<1ted ~ith" 
.,' 

''''. . DC' . •. ~,,'J\-gr.O'W'n - ... . , 
.J 

. , 

Thc" !Il1-grd~mamOebad had a simflar rate of fnfest­

otion!"s 'that' found.in ~csti~"!:ltfA-grownDC-4 (i:e., 27?> 
" ,- ." • , ~, " , "'. . .' " . 1- . 

. .. fatalltlcs .and'.9H; 1nfestation 'ver!:ius 30..-. f.ata li ties and 100'% 
'1 

in-fcst.at~on respectively)," Ilo ..... ~vef; in Table 11 it can be . .' 

" 
se~11 tha,t .'!'cst #5 had double the inoculum sfz~1f Test!. s' . .-, 

, ,q -', : 
of res is tii'nc!C i sunr.r\ol;·n .. . . .'.1 

\.. . ~ 

'';'c5tt9: .The po~sible gr~at.ei:suscept.ib;ility.?~ yoUnger' mice 

. .,;asa·]esQ tested. 

. . 
w,!re raised 'to the 10 g; size.' The littetcOJlsist!!dof a mix;-';' 

Half of the ·anir.oals. were s~crific('d.· 
" :: ... " , . 

'at:;;a:! 3 ·.'hi·1'<;:,thcref.aindcr',,;creobsc·rVcd for P~E .fatalities. 
---<I ~, • .-. .-' " , 

. "-' ~ 

RC5ults were 'co."'Pared with'Tes.ts *4. S. and 7.' . ,', - .' ." " ': ,' ... 
. ; 

(Inoculu;n size ;'2.;0' ~104 with' 12. testanimals..·.l0 g. c.'!chi 
, 

usingthe.lOg. anim.als •. thefi\tality rate wa~ ~imilar. 

fO\tf:d';,Jit~.thC 20"9' an~ds"(Test'4; 16.6.,) but-the' 
~, . . . . to that . 

onhr 33%' in the; older 111i ce .. .' ' .. . . , . , '. inf-e~ta t.icn .... as 100'! as comparcdto 
~ . 

(sec Table 111 •. '1\g3in, .not~, sh<Oulclbe rr,adc of· the di!fe·reric~s. 
'. ' 

,0 • " ; 
. : .~ 

'. ~. .' ,r. , .' , . 
. ' 
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'., ,,-." 

i:: inoculunsizc bct .... C'cn the t ... ·o tcsts'as .... elT as the short' 

pcriod bctwccn inocula,tion and' death in the smaller animal 

(:<lblc 9),. 
,l 

, As. .m:.ntioned, <I'll, the 10 g. animals in thisparti=-: 

stUcli ·ca.'!<c fr,o::\ Ofle litte'!,' and ... ·ere of ,both seJ:=cs. 
,- '---.- ". 

There 
J 

there !6rc, .thrce Variables in the particular group:. 
, 

r.ar:,:1,·, a possible inherent resistanc~ to the disease:; , possible, 
. ' , 

diEferen¢es inr:la.le versus female re'Sistivity; and fi.nally, . ' 

t!:c diE·terence' in age (viz" "might) as compared tottle' ani;'als 

in theothcr tests. Bfcause of theseshortcomi~gS' ~t .is dif( 

~iCuHto interpret th~. results for the younger anima'is. ~, 
ani .... ill-!:H~cd pi! tholo,:,:!. s~uclics hav~~nate and unlmo ..... n ~ariab les 

,ur:i~l!<:! to each tln,i:e;ll. being studied ~ut in ~he other tests 

t!:;csc · ... erchelr:i 'to a l1'inimu:n by using the' same' sex and 'rando~'ly 

sf'lcctcd r.cr'lbc1'-s fro::> differen t li t te rs . 

. ' 
, . 

I 
\ 

J ... 

,,'"'.!! 

. - '-... , 

\/ 

.I 

.I 

, 
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Culbe;tson 

\ 
\, 

\ 
, \ 

" ' \' 
DlSCUSSlm\ 

.:! ::'.' (l%B) and 'Butt et ·a\z-. '(196B) 

found that their iso1at~. ,liB-I. from a PJI_'IE victiM did not 
, " ' , I' " 

g::<y~'" encyst or transform 'as readily as non-pa,thogcnic 

L gr-:.z,c",:: stiains; Fulton (1970) COll'.l1'.cnts on these ,sup-

posed di f feiences us i'ng NEG. his particulat: strain of .•. 
, ' " : I 

"i\fter pr~long~d cUltivation in 
j '0 

particulate- free axenic media • .'i. gr'uiJC1',~ NEG anlebae 

initi~ly~O', not ,gro~:well when ~~turned to cultures .,dth' 

bactlria. 'and sometimes many genetati0l1s are required before, 

the ar.cba'~; ',:ill gro ... · rapidly. if the;" ,ever do' at all. vlhether,. 

this ctHmge is,adaptatioD or,selection is not knolm .... It· 

t:'.a~. well beth-at the 'diff~culties. encountered with HB-I are 

caused by a 'failure, of the organ,1sM to adapt to a change in 

di,ct· (Lc .• froe, bra{n' tissue to bacteria) or the investigators 
~... . '.. /. .. 

!;lilV -be using techniques ul'lsulted for', their parti;sularstrain. . " 

~ • '. Q ",".. • -' •• - • 

Difficulty wasey.pericnced in stabilizing FT-52 and OC-4 

,gr<y~·thon SM but, after growth, ..... as, established. ,the a."'loebae 

, gr~"" extrerlely'wc11. Of the jfive str,ains studied, only oFT-52 
, , ' 

t'aile,dtoeriC:lst well on 1'."1 plates •. I!owever. in all o,ther 
, 

respectsthc', path;'scnic strains' proved :comparable. ()r even 

, !;up-erior; to, the other non-pathogenic·strainsstudie-a. All ' . ' 
'~tral.ns encys tc~well (wi th the exception of FT-52). ,grew 

10,2 
j 

-
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profusely under sui t.al;lle conditions, transformed rapidly and 

'synchronously; and excystedre,adily on spread {)r edge plates'. 

Sevcr<\l minor differcncc~ t.n: rates .~Ierc foi q wi~h ' 

~;n-l, the control', Ilscompared to the findings of others. but 

'thesc dif Ecrcnces.,;ere well wi. thin 'the' range of experireental 
f () I • 

','ar-iability. Forins_tan,ce, thegener';ltiontime given' by 

Fulton and'Dingle" (1967)' is .1. 7 hours as cor.nared to loB 
." . 

hours fo~nd during thi's\reSe~rch'; the T sci varied' in5igni;:i­

cantly. from 69 minutes (Dingle, 1970) to 69.5 minutes .. The 

average nu.r.hcr of flagella after heat shock \o.'as 4. 2 rather :\ . 
, 

. . . . \ 

NB-l rate vari-' 
-. 

than 4.5 as reported bi Dingle (1970). , The 
" '. . 1 

ations were insignificant and' it can be usce as a',standard, 

0':: control, for co:::narative purposes ',.:ith the. other strain 
'. . 

Si,ncc the ::B-lre.sult·s. are 90rnparable to prc'/ious reported 

'" d' ' .. l.n 1.n<;5, the data on the o.ther· isolatcs, should also repr'c-

~DnJ each strain's rate of ,transformation. gen~ration.tiMcr 
J - . 

fla'"cllationpcrceht under oo=al and heat-shoct treat:.Jnent, 

and other characteristics' with a fair degree ofaccurai::y. 
" 

. . . 11 b h h 'other st.rainscould att~in ·a·· faster .t~aywe .e .. t,att.e . '. ., 

c.!ol!hli~g tir.:eor TSO as well as d~velop a greater number of , 

fla 9!lla during heat.-s~ock trca,tment. but. one would not. ei..-pect 
, 

any fi.ndinos IlramaticaUy' ·different 
. - . 

fro~, found d~ring 

this research. 

Dingle (1970) foun.d that ~y heat-shockinc;j' cells of 

strain NB"l during the amoeba-flagellate transformtion, the 

'. ", 

. , 

.. ~ 
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, /' " , 

nw:tber of flagella could be' increased 
, I to as many' as 18 

flagell.iJ. per cell. In general, he found !;hat the sub-lethal 

'---.,..,.te~peratures doubled the, 'flagcll'l per' indivi~ualand the aver": 

, t 

" 

IIgo moved from 2.2 under normal transformation conditions' to , 

4.5 flagella under heat~shoclt' treatment. 
'. The cr~tical period 

for flngellu.~'sy~thesis is the i~itial, 40, minute i'ncubation, 

,period and by heat-shocking durin~,this period, the synthe-, . ' 

,sizi~g',p~ocess is altered leading' to mUlti-flagelJ,.a,tion.,NB-:-l, 

th~ contro.!' s~rain, was ~feCted by the heat'::s\hock .trea,tment 

as were the ot.her non-pa~hogens, DC-l and CT-B. Howev,er. t.he 

, il)et:abolic,proc~sses of FT-si': and DC-4, ,t.he pathogens; were 

relatiVeiYU~ffected' by incubation ~t'38°C. ' ' 

, 

!,The noo-:-pathogenicity of NB""l was cdnfir-med and CT,-8_ 

and DC",:l were also found to be non-pathogenic. 'Only j:>C-'4 
I ' • 

appeared consi~tently ,pathogenic,' 'While FT";S2' s pathogen-

icity was' not conclus'ively demons't.rated. " 

'''~n test.ing the' temperature', tolE~ranc'e ,of. ,the various 
, ; , , 

strains. ,it ";-as 'found that only FT':'S2arid DC-4 could successfully 

lIIult.iplly 4nd clear an agar e~ge plate' at ',temperatures b~yond 

370 C., , Grift)n' (l972) report.ed, that II. fo!'}'leroi cquld grow ,at 

4Soc and tolerate 46°C. Fultop(1970) reIlorted that NB-l will 
? . . 

grow·, •• :\ • from below 200 tof'O-41?". True 'growth, as com-

I>ared! to the migration of amoebae, was' notobs,E:!LCVed in NB-l 
~ . ' .. -' . 

·.beyond36~C although t~e amoebae could survive and migrate 'for 

at least 24 hours .... hen incubated at ~ooC.' Proliferation, SUCh 

" 
, 

.;. 
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as . rl'qui red to clear ari edge. p late, did not occur. 
,,.,, , 

Carter )0970.). found that .'1 . .fouleri required 4-1 
0'. . 

3.1 Cto cover an edge plate .. This issignificant'ly 
c 

. ". slO' .... er th,tn pathogenic DC.,.4 which required only 36, hours 

· .... hen incublltedat I this ~tc;n'perature. Griffin-il972J found 

thllt' at:, roOp tcmperature:the pathogenic strai·ns ofN. -' . 
. . ,.. , 

requircd one'we'ek totwornonths to cover an agar slant. At 
o .. .' . . 

.23 C, DC-'4 consl.stently cleared. an edge plate in one.week; 
" . . ---1 . . 10 

but t·hi:' rate .... .:J,s r:uch'slo·.,·cr than that of the other four r .... . 
strains stUdicd~. Strain. CT-'8., the 'most prolific atroor.. tCll',fl-

eratu're, . required. only SO ~our~ .to co~1ctely clear a. plate, , .. . . . 

"'here"s lm-l and fT-52requircd 10'0' hour.s.5.train D~-4' s· . 

'. grq .. :t!, r"t('" ·./hile being .... ·ell be£ the oth~r isolates at . .. . 
:'(ior:, lC:::flcrat\!,tc, w~s 

. "0 0 
far' superiorin.the range froM 37 -42 C 

(96.6°"':107.6 0 F) .... hich is the range fro:r. "normal body temper~-

t c.re to ccil.th Ifror.l f~ver inhu::laris~ 
, . .' I - Carter also found that· althouQ,.hdecreased temperature:: 

(L(,_, 210 o~' 30°C as cor::parecl to 370~). rE;tard~d !!. fOt:kr~ 
· growth, lnfecpfvityren:ained. unchanged. Less tha,n 16 hours, 

· at. 0°':'4°<: destroy~d·ar.!Oebae ·viabili\iY. In {ts'riatural cmiir:-:-
. " . 

~onncnt' h;',;~ver the amoebae .... o~d·probablyencyst. as. the 
, l '. ~ . '"' '. ,.:.::~.~.;:-._, . '. ' 

tcmpcrat~re qecrcascd over a p~i"~~d ofsevcral .... ~e~st Carter 

found that; cysts could survive s~orag~ at -15!Cfor up _to.' t .... o. 

months. 'l'he length' of time .thata cyst ... ill r~m1lin viable when 

storcd undc::r rc1.ati\lely'6p~inal conditio.ns is of' interl?,st no.t 

\ 
.~. 

" 

.. ' ~. 



. ; 

106 

only to the protozoologist '.:ho nay be maintaining the proto­

zoan 'for ,experi:::~nt.a1. purposes but'to he,althofficials who 

nay be ottbopting to reduce or eradicate pathogenic strains 

"'ithin a given area." It is known that some encysted pathogenic 

st-tilins ... ·hen stored on plain agar 'in a moist -environment and 

. ~ ", ; 
-,at room ter.:perature c.an survive for two years and pos,sibly-~~ 

longer (Car~er, ,1970) ~:hile, others can survive this length of 

tir.>ei,na dried ~tate' (O~a .::t aL, 1969). Fulton (l970) 

reportst,hatliB-l cyst~' are viable up to seven, years. The, 

strains used i::l, this,. x:csC!<irch l;ad remained, viable in, the sarnp­

ling tubes at 120 C for at least five months 'before ·isolation 

'andtC!sting for pathogcniCi ty 'was under1taken, suggesting that' 

the' pathogcni~ .. Ya.'~J;.t;.'r.i.a can survive' lowered t(!r.Peratur:es~ for' 
o ' ' 

considerable'lengths of tilr.c'.l!owever, .... 'he.ther the .:laegLer:a 
, .. 

.. 
strillr\swcrc 'in' t,he amoeboid. flagellate, cyst or intermittent I 

'nag7s j..'s not I kno·,m. 

cyst ana 'trophozoite resistance ,to soap solutionsil:nd 

70\ ethanol ""ilS studied to 'obtain qualitative information con-. . - . . . 
. ~, 

cerning, the dur,,~bi 1i t1 of ,- under. ildverse condi thins .. 

This 'aspect 'ofth,e investigation was .of par,t,icular relevance 
...... 

wh..,n'dealingwith'the pathogc::iC s~raii).s and in preventil:lll . .. ' . : . 
'I ' 

possible contamination of test anir.lal 'material; surgical areas 

lind laboratory ute;nsils. Carter (1970) r,eports loss of 'via­

bili ty of iIlDoebac, and cysts after ;24 hO,ursbcrs'ion, ~n solu-.. , 

ti:Otis ,o.f 70\ alcohol, 4't formalin, and 1% J;losp'i tal soap; . Thel.' 

" 
, , 

\ 

• 
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st:I"aiIlS used throughout this project 'shO'Ned varying degrees 

of rc.s i stance .to chel11ical desl.· cc· at 1.' on. h . T e amoebae were· . L-

highl".'·~us'Ceptible. whl.' Ie' ·t·he • crstswere only, af feclted by il11-
, , 

::lers'ion in 70% ethanol for a 24 hour period.' Sin.ce' the cysts 

can survive soap solutions and chlorinatiol!, (';anieson & 

I,. ' 1 7' . I hnce rson' 9 2b), one 'canrea(h 1y· see why amoebae. can be 

. isolated ir~"1l 5· .... i=in9 poo'ls a'nd fi,sh tanks with relative 

ease '(e.g., n.,.S2 arid CT-8) • 

I 
. Ho ..... ever, why pathogenic strains would proliferate 

,to i~!ective levcl~ in hc"ted s,,,il"'.J:li,,g po~ls remains 'un­

an·s-.icrcd. Investigators have found. the pools' 1:0 be n10re than 

ildpquatc ly r.,ilintaincd with' a ·10· .... bacterial popUlation:, yet 
" . ' . . 

. . 

;o06.ls ha-j.c occJ,lrred in. !Jclgium(Van d9n Driessche, 1973)", 

C;zechoslovekia(Ccrva (, :;ovak, 196.8) ,and ;;ustralia(JI.nderson 

!. Ja!:licson, . 1972b·). Although .attetnpts tois01ate pathogenic . . ~ 

a:::ocbae frop the pool in Czechoslovakia have'not been success-
. I ' , 

f'ul .. there aJ~r>ear5 to he·little doubt as to.thesource. of the 

i~fcctiori. in~ustralia, sUDer-chlorination up to'1~ ~.?m .. 
. ,.~ . 

fa.iled t.o destror Jia;'gZ"I·~apres(!nt in the pool but salination 
. ' . , . ~ . 

to. 0.7\ ( .... /v), ~radicate~·all species (r\Il'derson& Ja'mieson, .1972h). 

Chlorinat~on should .destroy, o~' at 1ea~t 'lil'li t, the llacg Leria". 

foqd I souic'c'a:na:' yet the number pf, PAl-IE cases directly at.triDuted 

'.to ~001s ilndtheease with which CT-.8wasisola ted during this 

.resca'rch project, sugg!1sts that in its' natural habi tat· there . 

, \ ( 

,. 
;-. 

,,' 

Y" .'it 
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may be =l1y.nutrient sources (Le., cell debris, organic 

litterl utilized by !ia"rrkr£a strains; Under laboratory 
. . - .. 

cond-it~ons, fe .... strains: (if any) WOUld"'survive ¢r prolifer-:'. 

ate on as. sparse a bacterial population as that . found in 
......... :...... ..-........ _ .... _ .. -~ . .. . .. . 

... e ll-ma i ntllinea chlorinated pools . 'Th.e amoebae should .enoC 

cyst. H. the' nutrients' becor.,e :depl~ted· or - are· sparse·; and· 

cysts ,are·, according to all. research to date,· non-infectious. 
-:r"'"", '. 

Uac;;tcr:ia' was ,considered· .to be a harmless saprophyte, 

coprozpic and free-living, untilc:ulbertson in 1958 first 

noted·the abili ty.of the (U:\ocbaeto .growpn %-c11 debris and 

brain tissue" There rna: be !r.any as yet-uhre'~ogni zed sou~ces·, 

0(' foodanc. manYcn'lironr.ents suitable for specially ada.pted .. 

strains. 
0'. . . . 

SiUllp les :<iere . i'ncubated at .37,. C during' this research 

tQ attcmp·t to· isolate pathogenic s.traips. .According to.· 

Grit fin (1972) cv~n 370C a110· .... s non-pathogenicainocbae to 
.' .' . ..' . , 

outgrowthc pathogenic /I.~agZ<J r::a;trains; . therefore 43
0

C 

~ouldbe preferable for isolation purposes ... .The· oveigro\~th ... 

~t 37 0 C by the non-pat~9gens · .... ould ,result in 
. l· 

an Ilnderesti-·,' 

. :!il.t ion' of the nu:::her ofpo&r.-tia 11)' 
. . 

pathog·enic species present 
• t· .' .. -- . .' 

knoWn at the beginning in mixed ,inocula. Since it was not 

of this research project whether pathogenic srains were to bel 
- . ',," 

found in this .loC~lC'- the 10'0ierinc·ubb.tion. temper.ature-was 

used and possibly p_athogeriic str~ins were 'lost'duringthe i50-

.1 at ion process. - '. --~--. - --'- .. ' 
" 

.~ -; 

-.,:., ' 

< 

/ 

/ 
./ 

• 

/ 
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Other.,ln\',c s tigators h. ,~ve found th h , , ,).. at pat ogenic strains 

are 1l10r~ 'fastidious in,'t\leir dieto"and,;iill,gtow,only ,on NNA' 
, , 

..,ith live A. at1l'~ or ;':.' co].i (Butt 
, 

<!taL,196B;CaherJ . 

1970; Culbertson· ,c t aL" 1968). The. results of this ,riil;;earch . 

,",ould ·tend,~o support their:findintls. 
" ' -" 

, 'c;t 
Strains DC-4 and FT-52 

9rew poorly, if at all,' on, the lo~'. .~alt llM mediurn initially dl 
. .' '. . . 

.. hile pro~~ferating, .... ell on 1m1\ with live bacteri'a. They did' I' 

adapt to the riM, and/grew vigorously on this medium hut using 
, , 

!:!:1\ ,for the 'i~itial ,isolation' ~s ~ecor.~ended 't9 ensure growth 

of any pathogens ,that may 'be in the ',sar.:ple.' 

, 1-'.casurer.:cnts: , 

,]\s mentioned earlier, all neasuremei\t's._and general 

=rpnological o!lservation~, arc primarily, for comparati;:;~ pur- , 

'I pO,5e 5 , and should not"be considered as set dirrensions or strict 

c,riteri~ for,.<lny particUlar strain., The nuClear diameter, 
, . ,- j . . -

a:::ocba size;a~d ,shape, the cyst di.ilnet~'r; and ,to a cert~in ex-
, , ,,/., I ' 

t~nt the £lil"1e113te d1~nsf?ri-s,ar'e ,all 'depen?ent on factors 
." 'I' :'. . : ', •. 

present durijS a given experinGn:' .... h~.ch r:lay be altered, inad-

;Jcrtcntly, or deliberately, and, lead t<:> different findings 

in th!i '~cxt set of tests. SO:!'.e' of the more important factors' 

arc thcr:li tot ic or growth phase ",of the trophozei te, the' incu": 

o~ting temPerature and the, type of medium used for 'culturing 
, , 

purposes. 

Ful ton' <l970} and Chang (1:971) note the differences 

'd' '.n " ~ 'm',edl.· urn' was "s'ed for' that occur by' varying :thc'lT!e l.UIn. """ ~ 

' .. 

.~- : 
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;,.;" 
tr.c. culture rc.dium during t~c tcasurcments study an,d \o,'as the .. 

1_.' 

l".Cclium used by fagc ~.19.6il for' his. taxonomic studies. ~ulton 
" ... 

(1970) disagb:~cs ..... iththc gesign of Page's St..udY and cl,.aitr.s 

thatrcsul t~' ~rc l~s·s reproducible with. :~N;"and live bacteria 
. . . '. '., i, ...'. .... . .. . 
due to uneyf.n oistribution 6f therba.cteriallawn. HO·,lever,· 

U '. .". I. .' 

practfcal~k' all other in\'est.ig~torsworhng ' .. ith pathogenic 
!'- . - • 

· !. :' . '. . 

. v<lr icties Use only":';!:!\ ·wi th bact~ria. For comparative pur-

poses,' II ,lJ;CdilL"'l .t.hat h~sthe le<lst ef'fcct' on the metabolic J 
" ~:(';" : . " " . '. . ,:1.. . . • . ", 

processes' of; 'anyof the. strains was' deemed the !Cost suitable. r 
· . " 1/ 

,ConsC<jueptly, !~:/\ I"ith .live/bacteriawas used throughout the 
:: •. ;' •• 0;". ...... .. ' .' ._. .' ,,' • 

. ~ .. 
I:'cas\lre~~n:ts and taxonooic. observations to' produce as \Wi fo= 

. . . : : 

,cdn:;arativc results.as :Jossib'l.e. 
. . ! ' ... : ..' . . .. 

i t ~ 'Was noted' du.r.in·g .the course' of . this study that 

, ir.crctlsingthe tc.",petature/particularly at,or appro"chins: the 
/" 1· 

;' let!\.al!,rangc for a 9iv(.n strain,' resulted in extrcr.;ely en-
. , ; .... , .. . .' 

"." la~ged:'ar,oeb'aci and nuclei as we.ll as multi-nucleate enlarged 
: . . . .' 

, . 
..... . ·.lb.bcbac sugges.tingtha.t the amoebae were n'o longer ·capable 

, .. ;.: 0:. bd~rgoi!\9 kary~i:illC!S.is or cytokinesis .. ' 
r ' . - . 

., 
. /1 
, ·r 

... / 1/ 

. /~' ::~/ 

. /-
, . 

/' ,-

· .'/7' All th.~ isoliltcsc).c:sely appro:-:ir..ated the. normal 

d . &.·or "-""a:' .,,~, r . . ~::o .. ·'.·· .The .. ei.·ght strains measured' rea sure . ranges -. " 

by Pagc (1967) fell within the range' .of 14:St:m-4l\;m \.;hile in 

acti vctranslation~l ' locomotion. The medians for the'various .. . 

. -
':,. ; strains are as fol1& .. 5: 21.4\lm, .24.BlJm, 2l,4\lm, 24.2\Jln, 26.2\lm; .. 

...... . ' . t .,.'- ' . . . " .. : ~ ," 

22.1\lm,· 22.l\lm,·. and 24.2\lm. 
" .,. 

un,fortunately; page filils' t9 , 
.... 

,.; 
. . . 

Ccrva . (1969) repor.tcd a mean length., 
;' . . . . 

of 7.4OJlll for hi,S pathogenic strain isolated from aP;JIE 

:. ":.l'" . , 
..... ~ . 

--., -·~·o<"" ... ~ ... ~-ld..W!: 

supply the mean values. 
. ~ : 

_.,' 
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sic.tilll . The five strains stlfldicd 
!I.~ . : . ~ . 

" 
during this, project rang.ed 

froP·lO.O\l ... -34.0~m when'in a~tive . . . , moti!l)n. The means for the 

.::isQlatcsare as follo .... s:. lS.3;;m, 19.Bllm, ~6.~u~, ",-,,,,..-... n d 

lS.4\lm. only F"I';"'S2(mcan 15.7;;mi-and CT-8 (mean 2.6.4,,1",) 

tiD. t.).~.·~~:;,'~C: d.i.'stinc.tl. 'J' diffci-e"n-t·.l.·n Sl.'zc 'but - these d.irr,ens ilons 

1i~ ';';ithi~ t~c'r<:lng~~'no~a-l1Y obServed.; 

,~ : :-Iean flagellate I body length ranger:.R fr.om ~4. 8\.lIT. -

2O-.8 .. m\Ji.e~, 18.7lJm,.15.91l1l1, 14.8;;1'1, 17.B\.lIll, 20.8;Jm, 16.7',J·m,. 
. " , .' 1 .. 

,H.S;lm, .and 19.4'.;m) in'Pui;e's syidj' and from H .. 6;JI:C.-;21.S>;," 

li.'c.., 1S.~?;jl;l/17.6l;l:1, 2~.5\;r.,; 14.6::m, a!1d 17.1:;::1) duri~g 
", ;~ 4· 

this study. Onc~. ag~inther~ appeared to be .li ttle: if any, 
I. 

s i~n i (i cant:dif fc rence bcb;cen the pathogcns : and non-p'"' thogcr.s. 
. ' . ' '. . .. 

Page'·s prc'su.mably 'n<;m-pathogenic ,cyst diameters. l'an-, , .. .... . .~-+== .. 
iged fro~' 8.6~.::1-16.6;m (ncim·11.5l;m) as ~OI:\pared 'to 6;SUlll 

" , (::',:an 11. B"m) for'the non-ra thogen . DC~ 1, ~lB-l and " , 
.', C1'-B. The piltho<:;cnic' DC-4· and FT-52 cyst diar.-.eter:s rang-ed. 

,e· . . .' ~ 

iro::1 6. OlJ;.-16.0lJln(InC<ln 1.O'~4:.;m); whereas ..... ' [a;.,Zn·: .(Cilrtcr;. 
-,'0: 

1970) ·av.;;~;.gcd 9:;O,m ."r.d saygi,,= d. (1973) reported a I"ean 
. ~': 

_ • ~ '.' . '. • • r 

cl.ar-c~i.:r of IS.6;m. 't'hcre appe;lrs .to be a widb variation in 
'.' 

C',.!Jt··~i<l:'1{,t(·.rs but cathoacn1ic st.rains could not .be idcntiii'ied -. ." . 

on ·tt)c basis. of cyst diJUensions. 

Thecys'ts of n6n-pa~ogcnic strains contaIned· one or 
• 

more .pores, ·while. DC-4, the one clear pathogen isolate in this 
• 

study, ,. showed no def;niti ve pore structure. FT:-5.2 did possess 

p!jgs,but its ~hOgenicity is still SO!':'le-, 

,.-hllt in question •. .. 
' .. / 

, 

.. 



1,' 112 
< 

041 • • \. 

Rate'of .Loco~oticn: 
• 

Most investigators includ,,- a rate of locomoticin 

Page (1967) 
.~-

::-,i,~sured ..•....• tlJe 'ra~e of' loco:notio'n: fqr 1 min or 100 micro-

::-,eter, units (· ... hiche".;r caJ:lc first) in 10 q.moebae of each . 

:;train.·' an? Toundthe rate ranged .froll'. 46;lm-122\Jm p~r.; '~e. 
,his ..,as ~t r06m tClJ1Oeratu~c"'hich varied from 250-"300 C:" As 

h~ says. ·ThevaI"uesob,tair.t,d for locomotive rates are. oniy' 

. ,1n 'icidicatiori of t:hc potential rate for each strain" . 
. . 

Carter (19'70) r:-.c:asured his',over a period of one 

pi r;u tl!' in. a. s '1 mi 1 <iI" manne I' and found the .'i •. 'j-or,) l e r.i . i·s·ol ate's 

rilte of loco;~tion ra~i;ctlfro", .30;.m-66'Jm. rer' ll'inute ,_ 'with an 
• • _.. 0# " • ~' • • 

p<i,;-e failed 't'o aiv~ 'an avera.ti·e· .- ~ . . ..,. -
~ , . 

r'~t~ -but cC!:"~ar is.1.,· of 'p~ae '.s and Carter ''ls' locomotorv. ~ates 
, <' ,. .' - • , If... ;.1, . 

_5:~c.. .. (S .th~t s. f\-··,-~l ....... r!· ~-:-t·e:r.:1c;.~'d··16',,,·e~ ~han the lo~'N~s't 'r:a:t«:' 
o 

~~~co'rdcd b~/ r::l.'-;'e._,' Thi's',r:1ay f.~'~'C. b-9cen";due ~-o 'the .l~b~ra~ory 
'. ,{. /. . .,; ~ .'. .' " ... : ,:. ".' 

tt;!::>?c/at,iu:os' or maybe a si'gnHicant di!,',ferenc~'~ 
." . .' r . 

'$ ince ::~'"" t.":::,, a~ti ·/i·ty {sj,ri'f luencc-d by tne te~?ert-
.' '" ~ " '.. I . . . • .' - .' . 

• ;_. 0 " '9. ~ 

at.ureof t~_~ . onv i.ro~r.cJ\t. the corr:posi·tidn of .the liq~ic} sus-, 

" 

" . 

. 
J •. - . 

pension, .. t.h~·'~l~n~:th ~f the olSr;'e!'i'il'tiOt:\ t;~ro~1. ,the ~itQtic sti1,t~O," "0. 
• ... I- ":' • '. • . • .," 

.and othc~' vaii:;bl~s. th~s·pa·rticu.~.meas~rcmerit.apI?e<tr5·. to 
'. .... ' .... --- .. - - . ..' . 

• have li ttlc 'validi ty cv~n ~f\derc~.n~ro1ied C~n(:1i ti~ns .. Conse-
-' ,.' . . ., 

.: .. 

quc.~tlY'" si~ce' th~ ·.r~te, of:locomoti'on can 5e changed so:'drast-'· 
\ ~.." _ .,' . ,4..' .... .•... .. ~ 0 • , 

~,callYb1aitc::.ing~.·an);- of·the e~yironmcnt"l conditionsJ't:hi~ 

.~ ·r.\i:!asure~nt wa.s not .'l.nc'1uded in .the corrpar-~iv~"·~n.a·tYsis .. Of . .\~ 
'. _ ~. '. . . J. , '" ". '.' - ": ~~"':i. . ". . ,'" 

. th~. strains. 
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.. 
r.xr;lrir.:cntal Pathology: 

The survival, ti.r.le '(aver'age 7.4 day~'} of mice" inocu~ 

. l<~tcd with OC-'4 correspon8s -with tha~ found~y other investi':' 

gators u5i,ng s.t,rains is,olated,directly' fromP'uc- . t' "' .• (. V1C lms. 

~:icoll (1973) found death resuited in 6":7idays after in'oeu,':: 

lation;Martine.i~t ai:'. (19731», -5-7 daysafte1:; CarJ:er (197,9'); 

3-S'days'<tfter;,whilc Van aen Diriessche'(l973/'found hiS' '/ 
~ '. , .." I 

isolate'caused'death'in -2-3 dnys. ,As noted previously, the '. . . 

,older .(vi;, •• larger) ,animals survived:13 days bef'Qre ·succ~-
., 1., .' . . . 

inC) - much. beyond the; non-al 5urvi val tiro,!!. 

The:OC-4 ino'culUm size bore. a definite. re.latJ..onship 

to\;he f,atality rate but: no direct relationship bet·'-,een., 
. - " . .q " .. . 

i,no:culur.; ~izc and duratioJ.of dis'easo:co~ld be discerned. 
. . ", t·'· ...... . 

Carter.(l!l70i reports/that the dosag'e: influenced the '.length 
.:' f :. , ' . "'" .' . . 

of thecH,scnse: =o/'cX;l::plO, ,4,000 amoebae resul.ted in death 
• ~ \" • • .' q ", ",' '. • .' '. ,I .; ~ •. ..., .", ~'~ 

~' in/S-~ days; 300 am.6eSae; Sda)'s! fewer! than' 300 arnoeba~,_.,_" 
, ,", • ..' j, :. • -:" , 

11 Qays, or more. 
. . ~ . 

. Singh' ,.and Das,( 197?~),'used the. flagc 11ate'd o. 

forn:of 
. '". -,. " - ". . 

N, c:croD-:a (conside,ed he;re .to beN. 
I.. . ' . , . ,," ,:, . .; . 
found not on Iv si,.,i,larcorre,latlonsof inoc)ilUl:l.size' to',dur-. ;, ~ . : . .' \. 

. , 

" 

•. 'l,,' 

, 

ation, ofP lr,ess but an increase in virulence . An inocli'lUrn 
~. .\ • I 

of,2.S00 fla<;e11a"tes produced· the same or a shorter incuqation· 
, ' 

p<;riodthan 20.0,00 amo"ebae. 
.. ~ . 

They, foundthatJ. 000 ~flag·e.llates 

o 

This is not ali-near l:elationshipand pug51.ests 
, ' 

" 

.tha.ton ly s~' many 'Iridividyals within a. populatiqn are oapable 

.' 

1 . 
1 .. -

') , , 
• .2 . .., 

. I·~ 

, , 

. , 

\ ~. 
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of produc,ing PA.~E. inoculU)ll s.izes . v,'. 

. of flagellates occurred. in 4-5 days . 
,.'. 1",: 

s~n9h':and Oa~ postu":: 

· .. la,te . t,hat ~nthc "'i1~ ,: 1:. '. ai'rp~ia' is' ccin;f.~nt;; ctiang ing . 'from :, 

· 'Amoeba on' the bottqm where :it. f~ed~ . to a fl~~~llate which then' : . .. " '. .' " . ' . 
• ;. . • - " t 

SVl'lt$ about and :.is 

" ..... 
:., .. 

~ . then revert to the <U:loeba; .,:,.... .._ 
'. . ". '. ...• ....1 / . 

. . Although a near linear.···relationshi,p ;...,.a~.E\ktablished'~·:i-th ~. 
. , .. ~. .-'. . . . - . ,:-' .:",.,," . .. '. . - ,~- ( . . '- . . ' ~.' 

the' OC~4 itlo~ulum size· ver;;us fatality rate' (Table 10)', there 
.' '- . ~. . - -., ... .' 

• '.. , " _. f. ' '. • 
. 4 . ,. "", . 

. ' is 's¢rile :doub.t 'as to. whether the . relati6,nsl)ip wou~(l .cont'itlue " 
. . . . • r·, .. . 

~d ~h'7 .4Q" 000 ~oebae pe~ i~OCUl~(·t~e ~aximum dOSage' '0,' 

us~d I". It' ... ·as ;"oted at t~~ t:ilIl~of inodula tion thja t ~h~ 
" .,', _' ",_ .'; :1. . .' " " 

nasal chambors of . the exper:i-!nental animals. ·'were .·cOlIlpletely·· , 
.fUlca, by the 2o.)Jl ;usedand 

""j I " 
" pOssi .. bly .... ould n6t'increase 

ip~reaSi,?9 ·t~ .. e iRO.cuium~ize.· 
. i . . .. ,-,', .,' 

the fatality .. rite appreciably .. fl 

. ' .. 

. . 

. " ~..,' . 

yTbe~~i~~lIlorta~ity rate aChi~vedwith strai:. '0<;:-4 

~a:S42~With. an inoculuml'~. f 40,,000 .amoeba~ •. ,Ma.rtinez.~~ .. aL. . . .. 3" . , 
Ci9-7}b) repor;t~ 345\. 'fa ality r~te..,lthl0 7~:.amo~ba.e; '. 

o • ", 

.NicollH9731 .. ;,lOO,.· fi\taFtie~ with .3,000 _amoel:>a,e;'~arter 

· (1970), .<1. 90'. fatali ty<. r."te over a· three' ybarperj,,04. :t;t' . 

should. ho....e';'er" be- pointedou.t 't~tmany of, these i~yestigators 
:.1J 

(e.g •• culbertson,' ~rtero,Singh>and' DaS,,' etc.l report killing 
· . ,\ { :. ••... 0,. . , ''0 • • • • '. •• 

the ~inials 'hen they .ap~ear ~r,i:b~nd •. ··This practice was not . . . -":".;"';. ~ . 
· foll~d in the OC-4 .patho,1:ogy;siUd,i~s; if 1Il6dbllfld,;..ap"P:earing .' 

,0 

an.l~ls !lad been d~stroyed,· the, mJ~tality .~~ w~ld ~bee~ 
. . . '. ..,. ..' r;.. .. ., . ~ " : 

, .. :. • "I' 

, , .. 
. . :" 

• • 0 .'. 
,- c : 
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lo' 
increa5e~ sUbstapfially. r • 

, 
that 

. The scilection of ani..maI: strains also enters into the 

woo 

, ~.~ality 

""-, ' 
of Culber 

nte~' This rna}' be illustrated by the" fact 

son's patho~cn.ic strains'killed the mice 
l 

(,thlno, 10-12 g.) u' cd by Singh a-nd Das; whe'reas; 01)1y 9ne of 

t .. esc strains wO)Jl:d .ill th'c ~ice (S.P.F:'(Lilly·iof ND-4 
" , 

lintlagc .• 9-11 g,') routi~el~'used by Culbertson (~riffin. 1972).' 

Only Swiss/Webster mice •. TPPliedfro~ orie, sou!l>e,' were. used 

throughout the .oC..,4· testing and different resul):s might li'ave 

bccn'obtuined if different strains of mice had been tested for 

. susccptibili ti'. 

'l;'hcrc, arc many puzzling' as~e-cts crncerning .',' a~g r .. !'~.a 

~ningo-enccpha1itis. One of these is the Uk?liho,od of?nother 

-- portalo!' ent;ryoth"r: than the nasophar}'ngca.l route but where 

thisentl"ypoint rn.ay .be is unknown. The.ga5trQ-in~,estin'al 

. t;ract. the CirCuhitpry system and th~ respiratory tr~ct. h~ve' 
<'-y • 

~ viitua~ly bccne;;cluded/eithcr through animal't?sting or elin:,-
. 

ination (.i.',e .• ,the' inability pi: iur.ocb~e to survive human Serun, 

. til! levels belo'" 4.3 undo bil.e sal):sl. In Aus.tralia several 

?J·\..~ffi .... ictirns' hild ei thor not been swir.miin,g or had done so: in" 
. 

salt wuter. Of thcs,ri. ·sor..c, had an 9Pportunity to be in ·contact 

, 

.' 

with waste. water and septic tank' effluent. and. t.her.eby. possible. 

in tran.a'sal' con taminatiO!l- Others, however t appear to have· 

df!veloPcd the. disease Withoutev~in9 in a situation 'where 
(. . 

they could ·have', bec'n 'infected via the nasopha:ryngeal route." ". 
I· 

. I 
, ....... I> 

, , 
'. --1 ·'H 

.... ~ 

, 

I 
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'cilsc,-,rcported by Patras"a~d Arl\:1ujar (1'966) concerns an .older' 

,man 8dm;tt.ed to the hospital with· per·ipheral edema.On.'the 

.' seventeenth day of his hospital stay·,.thepatient d~vel~ped' 

. a sfl"ere headache and died on the nineteenth day of PAl.i.' . 

cerla.s (i'9691 fin~ings sho ..... ·that the average '~:urvivaltinie 
fr9m inoculation until ·death in a human 15 approximately.ten 

dayso~ less. There is no explanation as to .. the source of 

the amOebae or their route of entry., " 

'. This. br"ing~' eme' to the point of c~nsidei:ing possibl 

carrier. stat«;.5 and' sites of amoebic infestation Other t all 

the brain.' It has been emphasi-zed several times in is 
I . .. ... ,r 

thes i 5 that proli feratiqn. ·at teICperatures \'lell ove . 37 0 C 
. - . , 

isa pri~e requisite for any poten. 'al pat!\ogen of man. 
I . . :I 

. There is, however, always the in idious possibility that amocbnc 
" 

noo..'cons ide red non-pil thogenic be e ;of their tcn"erature-

intolerance could ad~pt sufficiently to invade brain tissue. 
'. . . 

At the' onsc·t of fever ... the' populntion might be depleted or· 

PO"~l' hly c' ne"st altho'uqh ,·ic..,.", reno i'.~ c.ysts h. ave never. been:' '~". '-1' _ • , , 

found·i.n tissue. 
• ',I 

Other. aIr.oebae {i.e.; lIar'tma.:T:ella) 
, , 

~ 

are kno' .. :n,' 
'I 

. " .' to encyst in an i::o.iI l' tissue .and the, prcs-cnt da.ta on,JaclJz.c:r,~a 

',cystSJl!aY reflcctlinit,ed testing .. In any event., as: the' fever 
. ~ 

subsided the parasite could cor.1menc~ growing again. Less' 

., ternperatU'ic-tol?rallt stiains"'OIlld prob,}bly riOt invade :he brain 
. , , '. 

but . POSSibly~t-h'er cooler areas of, the bodr.· There are several .. 
diseases of ,unknoWn etiology, multiple sclerosis to nrune but: 

• 

" . . 



'. 

117 

~ 

one, that a.re typified by slow degeneration of. the affected 

o~9ans with sporadic remiss;ons. Th' , _ ~ 1S 1S al~ supposition, of 

course,~ut the 'possible parasitic role played by ',. _ .. ' . . -.at!.g iel~t.a 

has just begun to beinvdstigated.· 

. Carter (1972) ~.entions the stiltistically signifi~ant 

correlation found bc'.:ween the presence of " Z Z t~a!~t'7l::::::r.ne a 

(an a::1oeb,~ ,oft'en mi'staken for :;,~cGl",·~a)· in the n"'''a1 p. as-
I· . ~ 

sages and a previous history of h~adachC~" fr~qucnt. colds and 

nose bleeding. AIJo amoebae,' again of the'H~rt~a~ncZla var~ 

ieti', have!" repeatedly been isolatcd.from the same subjects 

~ug9csting a poss,ible carrier state. One final ca'se conc<;rns, 

a patient suffering fro!'! Hodgkin's Disca::ie for'ten years prior 
, . ' 

to his ,death. "fter hi.s death, 'an absce'ss containing all'.oehae' 

(o~ un;:na.:" classification) was found in'brain.sectio!l5 .. 
~ 

\';'hcthcr thii; abscess " .. as' rel<ited to his dise~'S~ is unknmm. 

Sinc,e P;\.~IE. has !leen overlOOked for all thcsc~years, there,' 

could be many, other 100,,-profile diseas'es attributable to al7loe!9ic 

i'nfcstation. 

cause' r,.I.!1F.: but.· i ts role r.:ay not bC' limi ted to this cne tissue 

or ciiscasc.'· 

During the cxpcrir-oi:lntalpathological studies with mice 

uBi-ng strain 'OC-4,· amoebae emerged o(lly trom incupated brain 
.' ~. , 

otissuc.Othe~ i.iwestigators (Carter,' CUlbertson, DUJ1la ,etc. ) 
0" ,I., . '. \I 

"( ~-ci have' found amoebae infestation of !the liver, spleen, lungs, , . 
--'I '.. . 

and surrounding various blood vessels in mouse studies. Hm-.-ever, 

f 

( 



~ 
, . I 

in,cubating 

,j 

uil 

these organs and tissue from, ~nimals su7cumbing' 

to DC-4 produced meningo-cncephali tis failed to produce any 

si",ns ofamo<>bl.c infestation. h'hether, these findings were 

,,' due to the particularpathooenic strain DC-4 or to¥he strain' 
, ,"f," '. ", "'l ' 

'of mice (Swiss/Hebsteil is unknO',,'n but does point ,to possible 

scrcm {actor differences in'mouse,populations. - ~. . 
. ..' 

it was ,als,o noted that a large n'umber' of 
'L.,-P ". 

mice inoculate,d 

'intranasally .... ith, Dc-4 developed PA.V,E syr.t;>toms (i,e., extreme 

'disorientation, bristling hair; <u.'ld hunched positions) but r~-- .' .. ' - . ' . 

covered. This has not been reported by other investigators, 

again pcssiblj' because 'of the r.lcuse s'train used Or' the patho-
, 

strain used'but'r.lore,probabiy'becau5c of the 

general prilctice 0: ki 11in9 moribund-~p?e'.II·ing' aninals, If 
, ! 

="ice arc ca;:>;)ble 0: recovering fror.l severe .'laeiilcda invasi6n 

tr.E:n ,there i:;<ll· .. ays thc'possibilitj' that humans can, and h"ve" 
. ." I 

" . , 

p~co'/ep'e" f"'o~ p-:,U't;" ....... ....... . ... ._. ~ .... -:l_ .• The disease, be£ng Onl~ recently ~ecog-. " ' ' , . ' 
• '.. •• ,I ... 

J nizcd, •.. i\ still 0:-:1;,: in 'the init,ial, investigatiye' stages' anc·c 

, !:lay ~~~VC\to be ,less vir'ulen-t than,'!:.el\i;,eved at present. 

',' ,'" ... 'J' 1 ;;. \' ~ • .... u ~ ... t... . .• 

" 

\ 
~'!'""(1ci.ation: . 

,lnvcstigatorshave attcr."ted .to cla'Ssify 

manr }'cars and at p'rescnt severalta>:ononic classifications; 
" . " t ' i . 

,- , • , '. I 

are in use.' The po.ssiblC species of a ;','aegZo1'i,C! isolate l.lj ,-. '.. :, ,. J 
..., .a' particularly dif_fi'cutt lYoblel1l to sol v~. Hhether there :.s 

'~nly ,one "sl'ecies(.'i. '111':.1(," .. iLtwo species (N .g1':,bel'i: and 

II. 'fo!!lo';:'O ,or 'mmetous species is not defini.tively 

/', ' 
-'r. . 
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. IUs to whether the str' a in' OC.:,,4 is;'/. gl'ub~ri.,oF II . .jowLeri, 

or p6ssibly an inte~~diate str~in (Anderson and Jamies~, 
197tli),. fS unres'olved at' present and possi·bly onlYt.irns:nuno-. 

, 
logical testing can determine 'its true. see'cies, , ' . . 

In common .... ith .'/. ;.o.";Zp.i .is .OC-4' svirtual· absence of 

pores ... ·i thin' the cyst wall' structure· but' it appears; to 'lack 

the virulence~:-cribed to N. fowZe.ri. The cultural fasti­

dlousness and other attributes,'assigned to lI.· fowZeri are 

, gradually being_ found to' be untrue; for .example,' CerVa' s 

.axenic inc~ium using freshporse,'serum produces good pathogen 
• . I· 

groo..'t.h (Ccnra, .1969f .and 'l,oderson and Jm:lieson 11972a) are no'" 

c;ro-wi'ng !I. to:')?c-'l'ion 'heat~d'_' coli aA,~ on an axenic 

: ~diu."Il ,dll!scribedby fulton, (1.9~' 
..... 

Carter (1970 )consi'ders the crst 0: !t'. f!";:-,~2e::l~ to· be 

its most. distinguishing feature' .• He claims that, the c-ommonest. 
" ' I ~. 

type of 'cyst fomed by Ii. jor.,~~ri is ·.such that. "The wall is ' 

intact and apparently the salne'as in. the' mature cyst' .. ;,. but 

the int-rrior' appears' alnost<i:::"ty.· This type of cyst. is . . ~ . 

sccnat t'ill'cs· .... ith all the s~rains tested during th)is'resear<:=h 

and cannot be considered ,a defini te character istic for a.ny 
I . ~. - . , .' ,-,". 

\, • particular /'tr~~Tl)e~. ar~. particular :revalEint on.NNi1platcs. 

PoSSibly'theamo~ba' has excyst~d 'or dege!lerated wi thin the cyst· 

and the rnov~nt note'd withi~ .. the empty-appearing 'cyst . . -. " , . . .. ~ -' 

wall" 

I 
.is due tobacterill entering the cyst. " 

... ; 

o 
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P athoqens in C.llnad i an ~la, t:c rs;" .' 
" The OC-4 s~le ... ·!!s' taken duri~g the latter part of' 

September, 1973, foll,O''''ing a prolonged heat spell 'in the area,' 
I 

."11.ether the pa.tl'iogenic s.tiilin~ould be in sufficentnumb~rs to 

be easily isolat~ble' at otller times of' the year 6r .. following 

cooter s~ers is ~nknown. 
, . , 

, . '., The organic and faecal poH\!tion, thepossi'ble thermal. 

~ol1ution from the O~das Hydro plant, and the shallowness of 
• ,0.' • 

much of the canal allows extensive warming' during the summer 
.~ . . 

l!':onths and ,WOUld contribute to increasing the pathogenic r'0P- . I., 

. I. . 
ulation .... hi le slo~ang the growth rate of the non~F'athogenic 

'e!:: 
,'. h'h~n one considers the tc."':lperature of the Desjardins , 

. Canal· (i~c-., 34°C and possibly higher 'afte; extensive hot 
, 

weather) 'It beco:nes' r<:adi ly. apparent that the canalprovid·.:5 
. I 

an ootimal. :environment for' pilthogenic' DC-·4. gro· ... th and that . . -.' '. . 
" . .' . 

in this natu'Cal 'habitilt, DC-4 .... ould grow at .the sa:ne rate, or , . 
" 

possibly filstcr,' than the· non.-pathogenic DC-l strain~ i',s the 
. ., . ~ 

tCllj?erat~re, sJrpa~se4 the 34 0 C rr.easured fi~uni of i\~gust n~ 

1974, OC~4 W~Ul~ i~ease itS9~owth rat~)raInat{callY ~'hile. 
. OC-!' W'ould.decrellse leading to ... ·at~rs seriously pollute<J',yith 

thepathog<mic strain •.. If one 'corr.pares the generatio'foItime 
.... ." . , 

of DC-l and DC-4 at 32QC and 37. SoC! a complete reversal of 

doublin9 titne is found. ' 
/" 

!' 

'iiththe isolation ,of DC"4 from. the I?esj ardins canal'. 

' .. " .. 
. , -
"J-~'It_ 

I 

.;:. .' 
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" I ' 

in P~ndas, Ontario, there is no doubt that 'pathogenic strains 

of,Na~9liria 'exist in Canada. 
! . , 

'The canal. is grossly polluted .. 
and ,'because of the organic and fecal" t:laterial,. as well as the 

, shall~-ness otth~ waters,! temperatures are elevated 'beyond -

that found, in' surrou~ding less pol'luted' waters. . Ecolugy in~­

veJt,iga ~~rs have found that the ... ~intcr te!:lperatlire of th4 

qesjardirls Canal corresponds directly with the ef~luen~ fat-
, 
erial in the .... ater. lIigh biological activity is found in the 

.... aste rnlIterial and leads "to temperatures in the canal during 
. \ 

o 0 . \ 
· the winter' months ,that are 4·- 6;,c highpr than ,those fO,\nd' in' 

the nearby \-iest Pond., The canal rarely; if ever, freezes OVer 
. ! . 

during the ,..inter and the wate"r h'~sa mean temperature of 7
0

C 

dur ing' tr.is tir.,e. This is the surface terr,per'ature and the, 
. ! 

bot tom .... a te rs, bee USC of the, ac'cut:lula t ion oJ effluent, 'arc 

'f!tlrtncr than the sur! ce vater;s, . , 'r 
pathO<Jcni "'''9 ~er'ia have been i6f"d in soil s'ci.mples 

and arc free-living. \'lhctherthe strain found in 

· the Desjardins, C.anal. is a mutation or, selecti vely' a'dapted 

stra,in caused b:; incr~a~ed 'later t'er.pera~"r,es and poll~tion 

. is noi:. .knc:r.m. 1I0 • .iever, the pesjardinsCanal and other such ..' . . . 

. polluted f;-esh wilters cOLild act as idcal breeding sites 'ana '" 

lead to the dispersion otcysts via wind, animals, etc.' to' 

! .. 

· other sites or v{a the flagellates tei/other waterways in ,t.be .. 
-

,:. 

, ' 

. ' , 

I 

, 

, 
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vicinity, 
.I _ 

There appcars to be little doUbt that the pathogenic"i' 
" 

, . 
strains are, capablc of growin'g over a wide range, of ,teI".pe:r;~.:l 

tures but that elevated" temoeratures favor these strains 
. . ~ . 

.... h,i Ie s l(y~'irig or completely cUrtailing non-pathogen icgrowth. 

Since approxir..atelYcne-"half of, the Imot-lJ1 PJI.ME' cases 

have been,' diagnosed i'll retrospect i< w?uld appear that this 
/, 

is an old disease that has' gone U!lrecognized. Although many 

points ,in the ecology and epidemiology of potentially patho­

'Jcnic fre~-living ano'ebtie may ,remain,o~scure., it seems' highly, 
/ ' ' , 

probable that thermal and faecalpollutl.6nof. surface waters 

by ,increased industry orpopulatio'n CQuld cause "selective p'ro": . ", ~ .... , 

\ 

and an increase in tho nuciber of Pl,HEvictims. -

-t'rthough the eff~cts' of pollution have been strc 
. . .., .. ' , 

it, should be pointed out that ... ·aters need not ,be gr,ossly 
: ' ',' " " i ' 

'luted to contain sufficient 'numbe,rs ~f pqthogenic amoebae to 

cause p,',,'1£- in susceptible irid{viduals., 
.. 

Th ~ t .... :o'unC l' n ,al,1 "'a,ter sources con-e one co=on • ac 0_ ~ 

" 

tainingp~,thogcnic, iI::cg t::: r~a is' t.he elevated water te::;peratures. ,', , 

during' hot' spells or in heated \';aters. 
, " 

, M?'ft'f'7I.v.e, cases, occur 
"' r .".. . , 

It'has .been suggested 
. ' 

that this is because more people are . ' 
Swimming and for longer pert'ods of time but this does nat ap--

• 
, p~y w~ri heated swimming pools or hot spring~ are considered. 

I /' . . ." .. '. . 

"Rather it ',would iappear ,that 'the water "tempera tu'r:e is the 
1 .' 

• 
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'. triC;9cxin9 factor that a 11 0 ... • s .' the amoebae to proliferate. 
. -, . . 

to a sufficient nurnbcr.to become infectious • 

'" Since t,hc disease is so virulent and' the therapy e],:-

t'reme ly toxi~, ~rophy~axis ):mnai ns!the-·b1:!st-a~swey·a·t p;esent. 
, ' . - .. 

P rolong.cd ,s,<:ilT'JIling and di ving .in stagn1ln t, -\;'i.'rm fresh '~ater 

should be a \Cided, parti culary' by pers.ons with h{stories of 

nose ,ear or 'sinus .d~sturbanccs o.r diseqse . 'Reducing thJ nun'/ 

ber' 6f heavi.ly, poi luted · .... ater sources; such as the Desj ardins. 
o. '\ • / . 

Canal, that could serve .as reservoirs for p.athogenic strains 

, I 

would ,also r~duce the incidence of pathog'enic :Ia.cgZcl'ia bein,:, 

transfer,red to other less polluted waters,', 
. " . . - . I. " 

, Sin~e PI\ME has been. reported in Britain" Belgium, New 

Zealand and Cz(!choslova"kia, cou.iitric$ all \dth climatic con-' 

d.itions similar'to those found 'in southern Canada, there was. 

a hi<;h probability that a, pathogenb.,c lIaei I.e ,.i.a·strain would 
I" 

be. found. With the isolation of the OC-4 strain there appears 
• 

li'ttle doubt that conditions are suitable for pathOgens.a.,,~\., " 

that PAHE uillcventually be diagnosed in our country.? 

\ 

.' 

.... ~ 
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. ; .. 
T~, conclude' this discussion, the result~;\and con'-, 

" 

clusions drawn from this iilVestigation wi 11 Q,e ~ummari zed. 

Primary amoebic"met;lingo-enc'ephalitis' (PAME)' i-s 

being rec99nized with increasing frequencythr()ughout' the 

world since its initial discovery in 1961 in Australia. 

AS' of 1973; no cases had been reported in Canada and 'it. was 

not knOlo"nwh,etherthiswas -due' to incorre.ct diagnosis of' , , 
", . . . ~:.... ..... . ~4 " . . , ' . 

,me.ni.ngitis cases" hostile climatic conditions :that precluded, 
. . . . • "'V, 

pathogenic,Naegleria growth to infective levels, or com-' 
. " 

plete lack, of ,Sllch patho':l~nic ~trains i~ Can'ada. '=.OJlsequently, 

J, 

, ',. I. 
\ ,.;:~ ';JI(" -. 

a search was undertaken 
1 

in " diverse fresh water.-envirorunen ts . " 

" , ,J 
in:ftile southern, Ontario 

," ." . . , '<r' 
area. Wate'r samples were collected, 

, .>-" ' . , , 

c Naegleria strains ",isolated and'intranasally introduced into 
.. '>. 

mice to test fo~ possible pathogenicity. 

tested, tWo displayedposiible pathogenic 

Of'the samples' ," \, -~. 
qualities ,(i.e~~- " 

CD-3 and FT-,S2r~~,>d one (DC-4) proved virulent to ~ ,de<;jtee , 
. . - "::"~~ , '." . o· 

comparable ..,i th isoll!ites from PA.~ victims. 

A cOlDparative Danalysis was carri~'d out using'th'e 
.' , 

"pathogenic' OC-4 strain and three other ,_isolates selected for 

diversity of,' natural environment andnon-pathog~p±city (i. e. , 
- "- ' 1 

CT-8, a sw11111111ng pool isolate: FT~S2, afisli tank, is'olat~:' . . . 

,an4DC-l, a non-pathogen sampled fr"om th~ llamesite as the 

pathogen, 

used as a 

DC-4.NB~1, a ,1ab~ratory Naegleria strain long 
1 
tool for,the study o~ cell differentiation,w,s 

uaedas a standard, 'or,control. 

,"'.' . , 

.' 

, , 

,I 
• 
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The' follOWing studies were conducted: 

'.1) The cultural needs-of the-varIous ,isolates were esta-
. , 

'blished and it, w:as, found that the' pat!.iogenicstrains initially 

rPnuired non· nutrient a'g' a'r" ~l.'th Il.'ve·b . . ---. , ' ,~ acteria to thrive.· This 

is. in agreelllent lolita the findin9s.of .other investigators. 

All other is~lates ,grew well on NMmedil.tin (a d:i,lute'sa'lt 

medium), with Aerobacter and the pathogens adapted rapidly to, 

'this medium too • 

. 2) The temperature that produced. the be'st growth under 

iabor~tory -CO~dltions was established 
1 '. .' .. ' 

, . 
~nd the CJe~eration time, 

. or . doubling rate, of each of ,the isol'ates was ascertained 
I . 

at 32
0

C and 37. SoC.' The pathogen (OC-4) was found to have 

. an extre~lY'rapid g~nerati!ln ~ime at,' 37: SoC b!lt a rate well 

beloW the 'otluir four strains when grown 'at 32°C. FT-S2i, a 

, 0 low. virulence pathogen, had. a similar doubling rate at both 
~ ". '. -. , 

t"emperatures suggeseing awid~ t~erature range for growth. 
',.'-

DC":1, CT-8and ,RB-I grew much slower at the elevated tempera- . 
"~', . ',' . 

".' ture than at the lowe1\ temperature. 

The ~qbest ~erature at ~hich a'particU'lar strain 
-, -; . - . 

. ') . ", 

Would proliferate was a~so. eSt'ablished. " Both pathogenic 

; 

isolates grewattemperat'.u-es'Well above~ormalbody temper-. :; .. 

. , 

I..' .,' 0 a . . , 
.ature· (i. tl. i, t'T-S2 grew at -40. C;, .DC-4 at 43 Cl while, the " 

non-pa~O<Jens vere'unablet;Osustain qrowth at ,temperatures 
" . 
'abOve 3SoC. . .r. '" 

The most distinctive anp consistent fea.ture . 

found' within the f1 ve straihS studied was th~ thermophilic 

na~\lre. and tEimperature tolerarice~~, ~e p""thogens.' TM .. 
" 

~ .. 
. " ··d···· : ,', ; 

, - . . 
.. ~~.:... .. '., '.' 
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finding concurs with studies ,conducted by Griffin (1972) .. 

3) Naegleria amoebae "'he~ immersed;n . . ._ • an aqueous env~ron-

ment transform', from the amoeboid form to a.flag-eilate form 

possessing usually 2 flagella. This transformation is rapid, . 
. .' 

synchrc;mous and reproducible using· standard transformation 

techn.iques and the . T50 :,(timeat which 50% of a giv~n population 

of ~~ae have transformed) ,can be 'considered. a constant for 
1 

a particular strain. The rat~ of amoeba.,.to-flagellate trans-

. formation for' NB-I is well 'doc~nted (1'50=~9 minutes). The 

. isolates a1-1 transfoI;llled readily' and hadT SO' s a~ follows:. 
. . . 

DC':'l, 73 minutes; DC-4, 70 minutes; CT-S; 61 minutes; FT":'S2, 

58.'.S lIlinut~s:' and NB.c.i; 69.S minutes. Therefore, ,i t seems 

apparent that· the rate of tran'sformation canno,t b~ u'sed tel 
\ ", . 

differentiate between pathogenic and non-pathogenic'strains. 

'. ....\ •. ~at· Sh~clt 'Wi thSull-1e~ha1teinp~r~tures (hring the 

trAnSfOnn~~on .. incubation period has been 'found. to. disrupt 

the metAbolic 'processes and dr'amatically increase the number 
\ .. . 

:.of flagella per cell (Dingle, 1970). 
. t • 

~oebae of t!'le various' 
, '. . 0 

'strains were incubated at. 38 C for 40 minutes:,andtheri· trans-, \. ',' . . . 

ferred to norml&l: transformation" temperatures. The non-pathog-enic . , 
. strains 'were affected 'b~ the e'levated"temperature""nd developed' 

. . " /,'. . 

6signifiCAntly more flagella. than under normalitrans~ormation, 
• J -'~.' 

~ . . . ..... " I .Y 

conditi.ons,whereas the pathogenic 'strairiswere littie 

affectedlby' th8 3aoe ~~cubatiOn ~ij1 ~:ir • fla~ella c~untwas 
. :. , . . '. . / 

on~y altered slightly. : The ,results ,of ',the transformation and' 
. '. - , .... . 

heat shock stu~ies cannot be ~~pared with 'those of others in 
.' . '. . .' . 

the field for none, at'least to the best of·roy.knowledge, 

'. 
, ~,. 
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.. 
\. 
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.; , . 

.have conducted these' tests on pathogenic strains un&~r 

; II1mi larcon'tro 11 cd con~i tions.,': . 
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. 4) , , . 
The cyst survival ability,and viability after'storage 

was. tested and all st~ainswere'found ~apableof s~rviving 
. , . • '.. . J " .... . 

on tiNA plates at rOoIll tempera~ures Snd in·. a moiSt chamber ,for 
: iJ' ~ " " 

at least. 19 week~ (the length of the cyst surv!val study) .. 
.' 

One strain, FT-52,although c~pabie of survivi~g on NNA .. ' . . . 

, plates, remained viable. for only 14' weeks'when 5 tor'ed on .!'l~ 
.. ' '.;' " ~. '.' ', .. ~' - . .' . 

This :agreell wi~'cyst'surviva1, -studies "Conducted on 
~.' . 
plates. 

. , 
pathogenic and non~pathogenic strains ~y other investigators. 

. " ! ~ ~ .' . . 

Cysts and amoebae of .the various' strains were iltso . 
( , 

te.sted for ability Ito wi ths taild alcohol and soap solutions. 
.' ~<I' , • , :. ~. . 

'the. amoebae "Were extremely s'usqeptib1e' to d~sl,ccation by 1% 

and 2'. s'oap solut,ions. ''<lnci by 70%' ethanol. 
" . 

The cysts, were, . 

tulrdY'and surviv~d 24 hours ~~r~ion in'soa~ solutions fo1-. ' '.' .. '. ~ , , ., 
<> _. • 

loved by ~4 hou~s p~ing a~ room tempera~ure'but were not 

viable aftcr2.4 \ti~urs'immerJio~ .i~ ~O, ~than6l.· ·P.lthciu9h-.· 

the 'a=oebae'caneasj,1ybedestroyed~y no.rmal laborat6ry 
, 0 I' '. • - , 

cleanSers. • th~,cysi~',~~ .capab1e of survi Vl.I}9 . adverse.condi":· 

.., '-:" '~:' '-. ',.; " ... .; .~ 

to prevent: c$lntam.intipnof ,the surround1ngs.· . 
..: 

s~lvalOfC:ystsin soap solutions is con era,..:. .; !J . ' . 

" 

. 4ictoryt~r.e~~lts,Z:~J?O!tedb; Cltt~r. (1910). Extensive 

va8JU.nCJ~l' the·· cY~~.:sWipension after removal from the t,e!?t .... 
i, ' . ..,,:,: :., ,'" I. .<,' • ',,~ ~. ' 

solution. ise.s~enti,f'l tC!;remove" r:e.Sidual!lrincubatlon matel'iaf 
" ~.. /'.~ ~ ·1".,:. 
$. .. : . . ,; 

',', 
" " 

..~, . 

-. 

\" , 

'. 

r . 

.. 
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: .. "~' 
,llcteli'tion' of soap SOJutions OJ; alcohol, 

., ~ : 

,~ithln the cyst wall .... ould fikelylcad to lysis of the ' 

amoeba 'at, 'excystnient. ; 
, 0 

S I ' ' 
r 

, 
HCll.s-urcments and'll\orpholagicalobscrvations were 

made on the various strains and - ~ ". .' ~ . . . . . 
compar~sons were made between' 

~ '. " ~'.' . 

"the strains and with pat~ogenic, and, non~pa thogcnic. studies . . . . - . .' 
, done by ot:her investigators., ,the pathogenic ,DC.,.4 does ~ot' 

:. ," 
•• 0', • 

have: dcfinitfve pores in the cyst watls; this iq considered ' 
.~. ~ '. ~. .' . 

by some'inve's,tigators to bea' eharacteri,stic of pathogenic , 
• .-' > 

'str'a.ins. In all',other'. respects, tiiestra~ns" feltl 'well. within J ' 

the dllllehsions reported by otru;;rs '~nd thei"r n;orphology" 
. . :.'> . . . . ~ 

J IIli toti.c ·events. locomotion:, protopla=~'c 
, , I organeiles, e~c. . ' , 

'6}.~ , The experilnent:~l 
~ 

'. f. , 

:test$ fora ,correlation 
~- (.'~ . . ,'. , . 

patholo~y'studies (DC-4) includetl' - - ~ . , . I ' ' .' ' 
betweeri illOc.uiwn si ze and nwnber aC·' , 

fatali ties 'as liell:as -a 
; -' ~ ,. - ",.,.- . 

pOssible relationship betwee~ inoculwn 

size:'~ndsurvival~inie of those succur.,bingtoPAl~. .There was 
~. ". <......:...-...-.-.~, . 

, , a ,positive relatlonshipbetween dosage size' andtes!ilt"lng . :") . : ~ ,- ......... 

, 'lataH ties bllt ,n9 ~orre.lati<?n could be found betweehe~., 

do. age and\, the s~ivai t;ime r:ffatalit.ies: ' " 
.,' '- - , , 

An observation IlUide i duringthe'prelirninary tests for', i; . .' ,.'. . . . .; '", .' l :, • • . 

pathOgenici tt led to stud:ies:' conc~rning the-: possible recovery " ' 
',' ;", -. 

J ' .•.. '\ ' '\- ',' _' ,~~ "...., . 

.. ,:' of',aniJlla180bviouslyinfested with, amoebae' andp9ssiblein 

SOllIe stage ofPAME~, 

Other !nves\:igatQrs 

~. : 

'l'hisphenOtnen~~ hlul h~t beenreport.ed ?y 
~ _ - .' ... :;. ",: 'e" 'J''''':'' -' "Q. '" . 

and 'is Perhaps thernost importl~t finding 

C toccme out, of 'this study; . 'Clini'ca~ .observati,ons of sever-ely' 
. .. .. -

" ' 
"~ . 

.: c,; 

J . , 

. '. '. 
~-~-.......----

,. '" 

.' .~ 

.. 

.'\ 
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.1 
.-

dfsorij!nted animals showed that m-any of these same animals 

: even~ually recovered completely. In further studies, half of 

:the anilllals ·in. each test group were sacri"ficed at Day 3 and 
-~ . . . , 

the.other_half observed for PA."tE sYClpt;orns and. fatalities • 

. It was found in all casesthat the nUmber of sac;ificed 

: animais wi th amoebic infestation exceeded br, a' mi"n1mum factor 

0(' 2, the number cif animals ~ct~al'ly succumbing to the .disease. ,. 
. . I " . 

Thisappl'ied to ani!llals weighing 10 g., 1:'.; -and 20 g.as well. 

'as whC'n different inoculum sizes were tested. These finding's' 

·suggest tlJ-at pJ\.'fE ~ynot be as fatal' a disease as previously 

sUpposed or·.that S'train DC-4 ·differs from othe;r pathogenic 
,:l 

i$olates in '-vi rUlence' •. 

Tlie . resistance or' suscept~lity of 

weiqht~roups .... as te~ted,lhe resu~ts.w~re inconcl';lsive' 

animals in di'f.fe:i:-

ent 

butsuqqe'sted' that although larger' animals 'might succumb at 
. .. . -

the.8ame rate,. they, bad 'a- longer: survival time. than the 
. .... 

smallest animals'· tested. 

. Since there had. been much' discussion in scientifiC , . 

p4Pers .. conc~rning ~ lIIOst suitable media to use for pathogenic. ~ . . . '-. - . -.\. 
\ 
\ growth .and "it h~d ~en found that inidally DC-4grew well 

\, onl~ .on:NNAwith· li;je'ba~teria, experir:lIiI'lts were conducted 

~:te8t theeffec:tsof NMon am.oebae grOW~and :virulence~ 
Possible 'enhancement or reduction of, virulence was no.tnoted 

.' 

, . 
'.:-. 

with ~. NM-qrown 4llloebae. and, indeed,. NM- and tlNA;':grown 

:uaQebae produced thesamefat-~lity' rate (i.e. ,.42\) when­
,." 

. tested under sil!lilar expe~illlCntal! condi tions • 

.... ~. 
, , 

. . 
.. ~ 

-
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Strain DC-4, the only strain .used for the experimental 

. pathol~ studies, demo~strated a virulence and produced ' ~ 
Utal:l.:t:ies· within a survival .time 'that correlated well"with 

studies/conducted Using pathogenic Naegleria isolated from 

PAME victims. The species of DC-4 was not determined and 

further studies should be co~ducted on this part!cular strain. 
,. . 

Serological .tests would help establish 'whether DC-4was 
. -1 . 

!!..' gruberi, !!.fcwleri or an in'te'rmcdia'te -strain •. 'AIso, 
. '. '. . I" . . • 

further elc.ctron llIicroscope studl.es ~ould de,termine pos i;ti ve ly 

the presence or absence of discrete pores in the cyst wail 

struc;t.ureand alSo. quite likely. would shoW the means of ex­

" cystJnent, whether through such pores,. if foUnd, or by rupture 

of the cyst wall. 

As. far' as:the southern Ontario scene is concerned, 
.. 

the po,iIoSibility of "a FAME occurrence cannot be negated simR!J 

. because. thcu"isoase' has: nevelj been reported" in, Canada;·Patho-
" ;: . ' ' . 

gonic Na'qleriaha~ now been demonst.rated to be prese,nt in. I. ..... 

our waterway~-and probably cap'able ofc~.using disease if,· 

and when,.a suscept'ib"le person comes in contact 'with the 

o 

_; . pathoqen • 
. '.': 

r 
i>' . 

. ' 

( 
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: 

1 
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I' 
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