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. MASTER OF sorrvea (1974) o ]"qf, MCMASTER UNIVERSITY
(Blology) o « T TR Hamilton, Ontarlo.lf
TITLE: PREWARY AMOEBIC MENTECO- ENCLPHALITIS AND ISOLATION

OF THE CAUSATIVE K427 LEXLA AMOEBAR, FROM Of anyo NATE°§

. : : ﬁ-z-‘; |
”\\ AUTHOR JOAV FLORENCE CWQISTINE DAVIES B Sw. CU of Calghry)

il \n

SUPERVIGOR Rorrscoq A. .D. DIVGLE ' j N l
NUMBFR OF Pncas. X, ¢35 '

SCOPE and CO“TEWT

F . - L

Prlmary amoebrc monlngo-encephalltls’(PAME) 154be1ng
recognlzed wlth 1ncreasxng frequéncy throughout the world - f.*'
;‘ 51nce 1ts 1n1t1al dlscovery by Dr. M. Fowler ‘in 1961.'~lﬁo_ .
dlsease, whlch has been fatal Ln all but tmo reported cases,l? ',.‘_;ﬂ

~ is mgdlated by the amocba—fl gcllato, %atalcrza, whlch entnrs

o) ‘
the host through a nasopharyngeal route., Vaeale"~c was, con- ‘

sldered a free 11v1ng saproohyte untll the dlscovery of PAMF 3

As of 1973. no F\ME case$ had been reoorted 1n Canada

"and it was not knOWn whether thls was due to 1ncorrect dlac-

s

_ noszs of mcnlngltis caSes, hostlle climatlc condltlons that

precludod pathogenlc .avaler a growth to 1nfect1ve levclst or’

R
complete lack of pathogenlc stralns in Canada..'“\

F

o ) ﬁaegler~a is easzly 1solatable from 5011 and fresh ® o

/
water sources and, consequentlv a search for a okthogenlc
. \_~ , .

-~

\ T
straln was undertaken in southorn Ontarxo Only water acces- . -

l sxblc to the ouﬁllc was sampled 3 A grossly polluted canal
yielded a pathgfnlc straln capable of. produc1nc PAHE mhen

o

.b'\\’- o il
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.intranasally xntroduced into test anlmals.‘
A comparat;ve analy51s was carrzed out using the
pathogenlc straln and three other lsolates selected for'

wdlverSLty of natural env1*onreht and/or non-pathogenlglty

Lo *

NB-1, a non—pathogenrc laboratory uacglerza long used-as‘a‘l f-“

*tbbi forithe:étudy of celi_ﬁifferentiatdoo,:wasrused“as a’
Standard | | ‘ “ e

The cultural needs, optlmal temperatures jor growth.
‘the doubllng rate, temperature tolerance rate of transformriﬂ

,atlon from amoeba to flagellate, effect of sub*lethal heat :

T

"shock durlng thlS transformatlon process, cyst survlval

’!

t,ablllty, resxstance of amoebae and cysts to dQSLCcatlon WLthtl'

.alcohol and soap solutlons, as- hell%as various morphologlcalﬁl

measurements and taxonomxc observatlons of the amoeba, Elagelw

. late and cyst phases were determined for the varlous stralns.

The most dlstlnctzve and con51stent feature found e
wlthxn the flVe stralns was the thermophll;c nature and
temperature tolerance of the pathogens.. Non- pathogenlc

straxn fax;ed to thrlve at temoeratures above normal body -

J

3_temperature;jf n addrtion; the cyst walls of the most v1ru—h'.
n7did th_have dastlnctlve pores,-a feature v

lent'patﬁog
. ‘normally found in Vcegleqaa..", :r' ‘-“l 'g; ": : r':;' “

: Experlmental patﬁologlc testlng of the pathogenlc

straln showed a DOSltlve relatlonsh;p between 1nocu1uml_A

size and fatallty-rate.; Tests.showed'that the rate of

AN
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. . ) - . . . . gy L . -
1ntrac anial infosta%ion with Vivgléria exceeded the number

" of nGLVJduals Lﬁgt succumbcd to the diSease. 'Rlsbyfsdmc_

. mice that app ared to be necar- death from PAMF were capanl

?f récover-i‘ng“ : o _' o . -5
. The virdlencé;of ube nathocen was. not af ected hg
‘the"mcdia-useé for-sﬁb~cultUring andithe”ace'of theftesp.‘

K - . - \‘
'

anlralg‘hnd 11ttle effect on’ thc fatallty rate.

r

Thc pathogcnlc strain demonstrated a- v1ru1ence and

g ) > .
hsurVJvol tlne (u.e., ner;od from tlne of lnoculatlon untll

L

o
¥

dGnth from DAME)Jthat correlated well with studies cohductgd'

' a

"Dy othﬂr ln"estlca;ors usxna pathoccnlc 3acg sria isolated -

\
o ) R ¢
_d:rcctl" from, AHE wlctl 5. A
e o *'. ‘ o
- l. + ’ | ."
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f're DO lble for pr1mary amoeblc menxngo—encephalxtls (PAAE} in

'*ﬂan. athogen1c stralns of ?aegle a are found in a wlde~.‘

/ gparyngeal route. Althowgh there have been outbrea?s of

S

var;ety of habltats. The pathocen entcrs the host via a naco—“

-

-

. S m'rnonucnon

The amoebo flagellate, hacglcr*a, has long been -

g

s\d as a use;ul tool for the study oF cell dlfferentlatlon.ﬂn

Transformatlon of amoebo1d- to flagellatc form is rapxd

B

synchronous and reproduc1ble w1th a brlef latent perlod durlnc

wh1ch all snecxallzed components of the flaoellar aouaratus
1' .

are structured ae noao (fulton, LB?O)

| Wlthln the past few years Vaeglcrxa pecies h?we also,

s

bnen 1dont1f1ed as, facultatlvely pathogen;c organesns (normallv

L

free-11v1ng but capable of lnfcctlng humans) and is. the agent

-

-

L

-

;aagldr.a- ncnxngo-encephalltls in North Amerlca, 70 date none‘

has been reco*ded ‘in Canada. Thls may be due to our cllmatlc

condltzons whx“h would not normally favour rap;d prollferatlon.f37

i of patboﬂe ic a.oebae or. it mlght DOSSlbly be due to lack, of’

knowlcdqe in 1dcnt1fy1rg amoebae 1nfestat10n as the prlmary

o cause of death in menlngc-encephalltls cases or, the thlrd

pOSSlblllt}, nathocenic stra;ns may not be-preaent in Canada..

4

« Sl
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General Vicylerie Descriptione ., R ’

At brcéeht'thére is still mu:h corffusion ‘in the : K
sc1ent1fxc journals ovcr the correct noméjclaﬁure to_be‘aaﬂ-;' , ’
sxgncd to Hac_- ‘riq amocao flgrcllatcs. or t} e purpoee of ot

G- r - . ¢.
.Jthls stud . Page s {1967) alasalflcatlon wn "be'adaﬁtea: Vs
R \- ) ) - ; . -
el ~.Classt .Rhlzoaodeg,n"on SluDOld 1845 - . . R
R Subclass.-'LobOSAa ~Carpenter,- 1861 e - L e
= 7 i Order: . Anmocbidaj® Xont, 1880. . - F y <o
' ' " Family: . vahlkampfiidag, Jollo 1517 ~I-A T e
HGenus{-' f tﬂLJ-P.p“,~nlChleff '1912,,eneﬁd Calkln ;1913 )
~ . - a o . : e \
';.]There are now thc recocnlzed spcc1es, ! gr;ubr*ﬂ' oo '
";(Qchardxnger, 1899) and I. jéw}éri XCartcr, 1970) -": Foviani I
- . . - .t . 7
was naned for Pr.,M.‘Fowlc:, the .rrst to:dlaqrose Q;Hﬁ;gmt : 'é
A ,.- i ) o | ) ;: " '.. . s .\:‘ ;n-
a human and 1aolate the causatlve anoeba. “This species/ is, et
noL 1nc1udrj ln “agn'sac13551flcaglon.' : . U
I e L Tt e T _@3 DU
As 1nd1catea/}thcre arc now thO nﬂcognlzed soeo-»« X .
r
:%;,f,-lg.{ e'd Eﬁ_g‘ 'l:z.-:Chang (1971) n&med H*s pal%ocnn_ o .
. B . ant L Sl
N, invedea «blle Glnch and Das (1972a) use:- tbe te*ﬂ :“'fgﬂhwiﬁ. T
- ; NG >
. ) i @ : ¥
bdﬂ 1t 15 bclleved _hat thcy are all thc same soec1es_anu.. : ¢
‘ N \ . N '
thcre‘ore, Car ter .5 nowenclaturo,.bcxrg of an.ear1~er.datc;‘ o
B ' ;'

, . 4\ ‘_ R ; -, : .’ N 4 . .

has,pr;or;ty._ Reccnt flndxngﬁ.sugges tnct-there may be 1nue*- A

-
.-
y .

ttrazn \ Thdsb inte-“ct‘a c stra;ns, wﬂlcn Havn btan ieolated

Y - 4 8
| :
from the env1*onmcnt,_arc scroloclcal‘y 1dent‘cal to ﬁ.

'mediate straink bétuéqn th e pathogenlc and non~aathdccn*c'

q

T
-

21

but fhow qrcagly rnduccd -er noaoatﬁogﬂn1c1ty fop laboratoty

fmlce (AnderPOﬁ and JdulﬁSOn,__gjza).'_r - “,1 ~‘_'3 

w

-

L8

'-‘.

-y
[N
-

Mot onlv is ,hore,sore ﬂgﬂiualon over the norencla*uré

e "‘-' I

.,.

pf &aaal.r a Qpcczcs. .Some, featurea cre cowmon to all

»

v o,

" but thernris also mucﬁ_dgbatc ovcr the.pxact chardcter;st1c5'

q*rd*ﬂs

L

4

g

3
i

- and these includc thc‘fClA flnﬂ{\ onl"_-bc amocbac und Tfi“-



»vacuoles, the amocbao under advcrse condltlons form round

d1v151on and’ this is characuerlved by 1ntranuclear Paryo-

klnesrs,:a orocess whercby the nuclear menbrane and nuclcolus

_ fall ;0 dlsaopear durlng d1v1510n, the Amoebac range from 10pm

-

to 40um in 1cncth posscss . 1obose pseudOpod1a,a dlStQﬂCthE

nucleus wltb ‘a promincént nucleolus, and one 0; ‘more contractlle =
. v ' I .

: C

double-wal’ed cysts ranglng fron Gum to lBum in dlameter and
'! -8 YN

C cxcystnent may be brought abou* by prov1d1ng a sultable nutrl—

.
M

5

*Nhrlly biflaacllate but rather may undérgo a change in flacellun -

ent SOUICC,-lf uuspemded 1n an aqueous env1r0nwent; the amoebae

wxll reaally uransforn 1nuo a flaccllated Form whlch lapks a‘fJ

ucytostomq (nouth parts) and usuallv has two anterxorly olaced

o

equall‘lacwlla but nay have mmrc. *he flagellatesvare tran51ent

s

and re?grt to tha amoeb01d form (“ulton, 1g70>/Page,Jl967)

Hahy wttemsts ha"e been ﬁade to def1n1t1vclv cbczac*-

’ 0'129 tbc qc“uu. Pece (l9 7) dcflnts ﬁ,: Flars a as all owoaqac

a

Wlth the p*on totlc oa te*n of nuclear d1v1510n and hlth nYo-

r '
ductxon ou a tumoorarf blflagellatc phase lacPlng a CytOSLOﬁ“a

fultOn (1970) szys. that urom1t051s fls a mlsnomer when gooler

o - ’

,to Jun1f~r:1'd 5;5lon and *ather lt fbould bo$hescr1bed ‘as |
. ,' .

;ntr&nuclda* PltO”lS wlth pcfs*stent nucleolus whlch he terms

1ntranuclear .aryoklnesls.P‘Sceglérza spec1e° ane not necas-'

number dvh ‘to p101dy change or advarse condxtlons that afE cct

3 &

thc f]agcllun svn*hCSLS stage (Dxngle, 1970) Other stralnc' N

s, !

'_chaﬁac erlqt’callg have. some ronberq in the ‘1age11ate phasn';

. ‘-

_ witn grcdtez tqan t ‘O fldcella.. Odd nunberr ma} be due to

. |
- . P . 1

L : - : s :
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. :excyst, (¢} temporary flagcllates w1th about 2 anterlor and G

| equsl flagella However, Page (1967) reports ghat 1nter?onal

past h?.dndl GnOSth tool (Chang, 19

_ AlI:HaLc;(ﬁ:c form cysts but’ therb is’

sloss of one flagellum or an abortlvc attempt to form twa”

‘a

In’ an)jccht. flagclluw nurber cannot be used as a strict

genérig cfiterla (Fulton, 1970 Fulton & Dlngle, 1967).
. . Y i’ -
Fulton: (1970} lxsts the followlnq elements as essentlals

for c1a551f1catlon hlthln the gcnus Nao ZGPLG' :(a) 1n%ra-;
3 - . 7 S

a nuclear m1t051s thh polar rasses’' and an interzonal bod},

+

V(b) cysts wlth several preformed-pores thrOUgh which the amcbae

&
P
4

o

' bodies are not‘;nvarlably-present_eveniln ogé—sgecxes of

¥aegleria although thisfcharacteriStic‘has been used in.the’

8; ibidy 1970; Singh, 1952).

ome debate as to whéthér

; all patnoﬂenxc stralns possess nores and/or p;ugs An thclr

cell walls {Carter, 1970; Culbertson *:'QI" 1968 Saygl g:‘a o

'-j1973}.

,fand althouch usually found’ at thc surface of rlch 5011 it has

_.becn found at denuhs of q;x meters (rc’crcnce 1n Pu‘to%, l¢ 70)
 Fract1ca11y aqy resh water source w111 ylpld uaetagroa stralns'
':tbough sea uatcr 15 a howtllc cnv1*onn t (Pdce, 1967-'Cc-ter,
u1970) \3Pathogen1c strains appear to be‘?ore restrlctedabut
'haVG been 1solated fron sewage sludge (Slngh & Das, 197/a),_.

\_ L
'tao and super-chlorlnated sw1mm1ng pool waters (Anderson & S

} "acgv‘,yc may bc found from tbe Antarctxc to the ArCth

-

A

Y

' .
Jan1esoq, 1972b), sozl samples (ﬂndchOn & Jamxeson, 1972c),;

—~

;o

v s

.Luvyl/.- et
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Wb

. . \ . . e
L . S A | ' '
and laPes (Butt, 1866}, - Thc preponderance of thls partlcular

-

amoeba (ﬁuthogcnlc and- non patx\fenlc) Aim fresh water habltats;

—

was.demonﬁf}ated by Jamleson and'hndcrson~(1973) who 1solated

130 strains of“Hachpr;a from 400 water samoles and of thcse,

-~

two were. pathooenlc to rlce., ‘ R : )

i

Most stralns ma) be satlsfactorlly malntalnod in thc,

laboratory us1ng gram negatlvc bactcrla (e. g., Eccnur'cniaiJ

=

S co z,'ﬂcrco“cger abroqcnes, ‘etc, ) as the nutrlent source. ‘The -

[ 3

-

life cyclcs of lap glar«? socc1es 1n thelr natural habipats is °;-‘

not Pno«n and may well vary from that found under ;aboratory7

. conditionsy ‘Since it is now known that quglcfza can invade

Y R
‘ .

and pkolifcraté‘on mcninQeal-tiSsué'and other cell debris,lit
'ls concelvaole that suxtably adaoted Spec1es nay thrlve 1n a

: numbcr of leC*SL env1ronments other than. - the normal soxl gnd/

or water habitats. .. - L T

ARV IR .t

Comp&riéon of ?athogenic_énd Ylon-Pathocenic Characteristics-

AS with most of - the lltcfature conce*nlzg Vugrlef:fr' o

L

- thcre 1s a dxvcr51t} of Oplnlon wot only on the SlmilarltLES'

-
3

but on the dszerencns fcund betwecn thc pdthoccnxc and non—'
ahhogenlc stralnsh

(a) Nutrlent source e e

' F]
As mcntloned prevlously. uaarlerza w111 prollferate
~

on gram negat1Ve bacterza. In the wild the amoeba probably

.‘

feed on faecal hacterla found in organlc natter, sewage, water

o

or moxst;so;l;' W fouleri % is more fastld10u5 in dlet hhcn rrow




uoder'labofaoory conﬂitions The.origioal PAME iéoiaﬁe iﬁ
‘Australla prolliorated only on plaln agar seeded Wlt live-
 ‘2{‘colf (Carter, 11970) . Andcrson and Jam1eson-(1972a) ﬂoveu
 now gotten thls same 1solatc to. grow ahenlcally on'an aqarr
,'nedlum-;f . éqli are heat kllled at 60 C for 1 hour Carter
 (1970) found that 0 5? ﬂaCl ln agar comolctely lnhlblted |

. ;grOMth dnd the amoebae dlsappeared. -Van den: Drlessche (19?3),
‘however, grew hlS lsolate from a. PAHE v1ct1m‘1n Belgxum on

. 0.5% salt-mcdla. Pathogenlc stralns havc successfully been

qrown 1n liguid axenic cultures (Cerva, 1969 Andersoﬂ &

Jamlcson, 1972b). . ] - l"-”

AR I R

Thc qcncral consonsus appears to- be that the non
oathogcnlc stralns v111 grow on plaln or saline agar (Pa ge, |
1967} wh;lc the. pathogenlc strains dre much more success‘ul

-:on olalﬁ-agar (Cartcr, 1970 ikiéq 1972:-Culbertson, 19?0- S ™

ARINVIILL . . e at .—..
. B N - -

i

.Culbertson »:ﬁ".cz?...r 1968 Slngh & pas, 197?‘ Jamleson & Anderson,.i_;
 1973-“Butt et dl, 1968). The llquld axenzc culture thhOL, |
because of its defined comﬁonents, wquld be the 1dcal“mgd1um_¢

for ronth oxochemlcal and 1mmunologlca1 studxes (Cerva,

11969 Fulton, 1874) . Homever, establishlng amoeblc crowth ln‘fo.
such a medlum-ls often q;fflcult and time consumlng and not.

. suited to a short term study such as thlS\\\\' 

: N
jb) Tcmocrature Tolerance and Ranqe :

“',,‘ Temperzturé\tolerance LS perhaps the most striklng and

conqlstent dlffc*cnce found betwccn the pathogenlc and aén- . - -




P

'_storage.'

< : S

‘ oathogenlc varieties. All pathogenlc stra;ns can tolerate

and proleerate at temneratures well above normal body temoer—

‘aturc,_whereas non pathogenld Vacglcrra may manage to grow'
‘at 37 C but will not thrlve. Temperaturcs several dearees -

‘-below normal body temperature are USually opt1ma1 (Fulton,

1970 Grlffln, 1972) Pathogenlc varletles survrve,at room

'tempcrature but grow slowly., Carter'(1970)'foundnthat‘placing

_H. fochr- amoebae at temperatures of 0 *4 C for perlods less

[ v,

than 16'hours rendered them non—v1ab1e. Pathogenlc amoebae

can survxve at 46 C, uell above thc hlghcst huran fever

[

(Grlffln,szﬁﬁZ). o - - “_ ._‘. o “-_ ‘ S
(e) CV$t rvival . . - . | e T . o o 9

Pathogenlc srraln/cysts are not resxstant to frce21rg

or drying hue can surv;ve in sea watcr (41 NaCl) whlle-thc

: arocban‘ca"not.' The cysts can, however, be storﬂd on aq@r .

'plates and kept in a norst chamber at 21 C,for perlocs up to,

o

'and'pOSSLbly excecdlng, lS'months. .If'stored at —15., 4 .
“orfiﬁoc the eysrs bécémé nen-viable after ewO'meh;hs {quter}:‘
_19?0) Duma e. al,(l969} drled and sto*cd PAME. *solate;efetsf
qur* a nlnlnum oF 23 monehd.r Non-nathocen;c strarns have'heen:~r

‘”stored ﬁor extens1ve pe%rods of tlne on agar. plates. or drled

"‘—"‘-':

! o TR

‘Fulton. (1970) reports that VB—l cysts have survrved seven years:

1 - Ty
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(d) Czto%ggz'
Patbogenxc stralns have dumb -bell, shaped . mltochondrla -
(Martinez et a1;71971) These flndlngs concur wlth Carter s

_(1970) who' descrxbed thc mltochondrla as’ "dumb bell“ shape&,

: although truly cup shaped and oval forms are seen occa51onallj";

TheqendOplasmlc retlculum is less COnSplCUOUS 1n the pathocenlc

stralns-and not_closely applled to the mLtqchondr;a (Carter,a

AT

1972y, ... ST
) . . ‘ : .
The nucleus dlameter of pathogenlc and non—pathogenlc .

B stralns ranges from 2. Bpm - 5. Spm (Page, 1967; Cartg;,ul970)

-but may - Be.ar small as 2 6pm (Cerva et a." 1968) : In the

' C}Sg staqe, the ‘non- pathogenlc straxns have a nuclear dlamete*

a'rangxng LrOm 3. 3'm - 5! 2pm (Pa 1967) mhlle the pathoccnlc
Do b
N,

K. ’o'7xr~ cys;_has;a mqig nucleus dlameter of. 1. Svm (Carte

).

”1970}'- ”hc cyst*huélea Lameter is snallar than' elther the

: amoebOLd— or flagellate phase_nucleus accordlng to thelr .

findlngs._ Carter (1970) reportb a ‘mean ﬁucleus dlaweter of
2um in thc fldqellated J -fowlcr*‘ nec1es, wthh although it .
is. larger thﬁn thc nucl~us-d1ancte*‘ oﬁndlin‘the.cyst fs~étilif
snaller than-that generally found;ln t e.a@oébOid-fofﬁ, .

Thcre are usually two. lagella,  ‘§roxima§e1y‘L2pm -

=]

' clains 'bores and associated plugs are not seen" infthé patho-
.genlc stralns. Other 1nvest1gators do not 1nsxst on. the absolute-

,lack of porcs but rather havc found that oathoqen‘c stralns

7 . R . . . . .
£ T . - T - . ' . . o kY . v

ne LTV WY
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“do poSsess pores but_not.in‘as'ggeat-é‘nombe: as found in
the nonjpathogeﬁic strains.. For example;'Culbertson et al.

i(1968) found onlv a mlnorlty of them havc the pore llke‘

-structure fllled ‘with hyallnc or structureless substance“-
]

;Duma et zl.11969) reported tha; "their malls are smooth and

%

oohtain sevcrai apertures”; and Saygl et al (1973) found

occa51ona1 pores 1n the walls ‘ .‘ : /
Tho;e.seems to be-llttle disagreeméof ooﬁoernihg.the‘
iprcsenco_of'poros‘ip.éiragho cohsiderediap prosent to be hon%
-path.ogenio7 The'cysts'oéuaily'possossoffég'two;to ten pores

containing blugS“(Fulﬁon,“lg?O; Page, 1967) although Chang

se wmLTL WA YWY

' (19585‘rcports "one or two but rafelv three'poreé per cyst*;

Durin q xtysoncnt thc aﬂocbae leave Vla these oores '

Ay - . P

mgt‘pcsﬂ:giy the cwst wall is rupturod duzlng excystment in.

.‘thé'p;thcgenlc‘stralns ACartcr, 1970). Carter foels_:hat'
ther most distinctive feature of ¥. fovleri is the'ﬁstraﬁgely,

r

ARV b .

:HCxpLR} non-nucleated cysts that appear to be intact and alive,

Sbut avc non-viable on subcultu:e".

< f(ed Dirervio"s

Grcat varlatxoﬂs occur among isolates.énd eveﬁ Eeiﬁéén
'rem;ors of a partlcular straln. Muchzof thc size dlfference
- may - "be due to the nutrlent source -and 1ncubat10n temperaturc.
Chang (1958) ‘ound that J gruoerm.measured dxrqptly-from rlvet*-

X water ramoles had ‘a dmameter of 22um but. after bexng grown i

:the laboratory was only lapm.' The weasurcnentq of some pat*ogenlc

N R

.. : . . L o T o
) . . o L . m



4 amoeba»isolates—are’as follows: the.Australien isolates -

?\Pave ranged from lSumﬂ30um-(Carter, 1570){ Cerva et al (19 69)
Ewto Czcchoslovakxa reported amoebae Wlth @ mean 1ength of "

7 Aum- Saygl m,.al.(1973) in Brltaln Lsolated amoebae_lﬁ.duﬁ_;ﬁ'~d
- X.22.8um from a PAME case; wh;le in the U s. A..‘ieolates
.-irangxng from ISpm to. 40um have been rcported (Cotter, 1973:
) Butt, 1966)f' Non—pathogenlc N. grubcr average 14. Sum-BBum

- when elongated (Page, 1967) and lﬁum—ZOum in dlameter when

rounded (Fulton,.1970) All spec1es whlle 1n elonaated loco— Lﬁfﬁied'

$
z
2

motLOn have a general length breadth ratlo of approximately

v . N -
. . B

- The flagcllates range fr0m lDum 29pm (averagc 17. Sum)
- in lcngth for the non pathogenlc stralns., H. ‘fOJZer* has-
'_bodxly dxnen51ons ‘averaging Bum X 15um. Flagellates of all

_;stralns are-usually~fu31form Wlth two anterlorlyhplaced (“

':1f1age11a but may be rounded or may retaln the amoebo;d shape'udi_
'::1n some. cases (Carter, 19?0 Page, 1967) l |
- hon pathogenlc straxn cysts range from 6. 0um~18 Oun
-f;ln dxa,cter (average 11 Sum) hhlle e;iYOJZGPL cysts have a’ ;
‘mean dlameter of 9, Oun (Page? 1967 Carter, 1970) | The 1solate ':
B £rom a PAMa-caseuln Br;teig&pad-a meen cyst_dlametereoe_1§f63¢:
t_ (Say91 et aZ 1973) _ _.i . i i e | )
| ;  It would appear that pathogenlc and non-pathogenlc - g n f

raegler;a straxns cannot be dxstxngulshed by size whethe* 1n'

'_the amoeboid. flagellatn ‘or cystic phase.
. L .
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TABLE I

' Summa:y of Pathogenic and Non-pathogenic Naeglerla Characteriatics* :

 Feature

b —

Sy

“, Pathoqenjc

'Nonepathogenic

;e)jﬁutrieht reqolfementef;

Y .

h)'Temperature tolerance

e) Cyst surviVal time er_'}

: (d} Cytology

*mitochondria,T

wr ) )
_-nuclear diameters
- amoeba: .
flagellate
‘ _cyst - L
.H-Number of flagella ‘
- cyst wall structure

_'-Excystment u

"e)'Dimensions

.~ —amoeba lenéth
-.=flagellate length

;._ 3369"

>23.months (@21 C)~

-i ”<2 months (@ 15, 4 37 C)

'“dumb-bellﬁ shaped |

occasionally'ovoidff

2um (mean)

 1.5um (mean) |

";”;2 t%zhm-ISQm leneth)-f
,Few;if"qu éq#gsfaf.

| e  Rupture:gf'cysﬁ'well*?_

.'Sum-40um (range)
- 15um (mean) -

PR
&

. jPlain'agar +-iiﬁe bacteria‘!'
. Axenic culture :

.;2 Gum—S 5um (range) _mf ;'ft

.-14 4um—33um (mean range)
17.5ym (mean) °

r—

plain or saline agar

, Axenic culture - - N

37°%¢

7 years
._ ovoid

2. Bum-S Sum (range)

-t

a 3. 3um~5 2um jrange)
=2 (12um—15um 1ength)
ﬁZ—lO,pores always present -

L via:potps

codb e cT T RN YN

IT .:_}%;f‘

;-cyst diameter o 9. Oum (mean), 15 6um (mean), . 6uym=-18uym (range) . -
_ : S 'y 11, Spm (mean)' - | -
_ 7§ee preceaing text for details and references R N
.- **Data in dispute . _ z '1 ' [
'_***Not giVen in literature oo 3
. L __\i
.
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- a sxmlan v1rus 1n a prlmary monkey tlssue culture whlch caused

"-1965, cases had been identrfied as varxous types of varal or .

12

- . . . . . . ‘_',‘ .

. ? . . ) ) . . . ' b —_—

History and Description of Primary-Amoebic Meningo-Fncerhalitis

QV - The terg\ﬁorlmary aooeblc menlngo encephalltrs (bﬁME)'
i was corned by C. G.‘Butt (1966) and deacrrbes-tnfectlon of the e
'central nervous system in human belngs due to Steeﬁllvrng .
amooba, as dlstlnguxshed from rare secondary 1nva§gon of thej: -
braln by ontﬂnocba h stolutzca._ The dlsease is belng recognlzed
WLth lncreased frequency and agpears to be worldwlde.f_

In 1957 C. G: Culbertson found an agent thought to be

‘the dcaths of mlce and monkeys after 1ntracerebral 1nject10n.

‘.At autopsy he noted live, motlle amoebae. 'Intranasal ino=-

culatJ.On of m1ce wrth these amoobae produced memnco-—ence-\‘mu .

‘c.and Culbertson at thls tlme suggested that a srmllar dlseaoe |

quhtﬂbe found in humans (Culbertson, 1958 Culbertson et al., | i‘

1959).f Thls research led to the first human dlagnOSlS of T_

rPAHE xn 1961 by Dr. M. Powlcr in Australla (Fowler & Carter,u

21465). foilowed shortly by a case in: the u. S A. (Butt, 1966)

‘As of the’ end of 1972, "close to 100 _cases’ of' PAHE ‘have been

'freportéﬁ throughout the world‘ all but two of these have proved

-fatal (cotter, 1973). . 'l | |
Approxrmately one half of . the known PAME cases have

.;been diagnosed 1n retrospect (Dos Santos, 1970) Prror to

1 bacterial menlngltis or, as in one case from 1909, 'menlngltrs
-7carc1nomatosa (Symners, 1969} PAML rcsembles fulmrnatlng o

- s S -




4‘1__

T e

bacterial menlngltrs but the purulent cerebr05p1nal f1u1d docs
hot contaln pathogenxc bactcrla. The lack of bacteria in the
fluxd samples does not necessarlly alert the phys;c1an or pathﬁ‘
'fologlst if antlblotlcs have already been admlnlstered. To
d;fferentlate between PAME ahd otherhmenzhgeal dlseases,_.
gCarter {lQJZl”fecommenos mlcroscoprc'examinationhofﬁeet.houhts'
rof cerebrosolnal fluld. The'live amoebae are hlghlylmotile
-and the fog@atlon of pseudopodla help in. ldentlfylng them from
other host cell types Others have found the amoebae extremely
.'.dlfflcult to dlscern in. the fluwd samples (Aple; ct aZ 1970J
rhand reCOmmend culturlng the Spec1men on plaln agar plates with
'11v . &erich‘_: ol at 37 ©c. ThlS 1eads to a mlnlmum 24
-Thour delay ln.dlagnOSlé. gltnoughwthe amocbae‘have a large

: nucleus wlth a dlstznctlvely promlnent nucleolus, they can
easlly be mlstaken for gztter cells in stalned braln tlssue
prcoaratlons. Only 1£ the pathologxst is aware that there
:_may be amoeblc lnfestatlon is there much likellhood that the,
.trophoz01tes wlll be noted (S;mmers, 1969}. Cysts are not
'found in the dmseased tlssue.‘ _ I h )

| PEME appears to be worldw1de and cases “have beenf‘
l.reported from Brltarn (Apfey et az, 1970), the u. S A. (Butt

. 1966; Butt et al, 1968"Ca111cott 1968 Calllcott ot aZ,}
- 1968;° Patras s Andujar,.1966), Indla (Singh & Das. 1972a),:
Belgium (Van den Drlessche, 1973), and Czechoslovakza (Cerva

.—Vovak 1968 Cerva et al, 2968) _ Ep;demlcs have been

o



reported in‘some'of'these areas. For‘instancc, between 1962
Aand 1965 51xteen dases ‘were traced to an 1ndoor heated sw1m~‘

ming. pool in Czechoslovakla (Cerva et al, 1968),‘scven

dlcd in 1950 and 1951 in Rlchmond Vlrglnla (Calllcott, 1968),

“and certaln areas of SOuthern Australla may be such that the

dléease 15 endemlccﬁo the reglon (Carter, 1972 Jamleson &

“Anderson, 1973)M

-t !

Patlents often glve a history of swlmmlng in fresh
’ or bracklsh water and the portal of entry in the majorlty of

cases would appear to be the nasal ‘mucosa. . In Australia,
however, most of the PAME v;ctxms had elther not been. swlm-

b

mlng onqhad done so in salt water whlch 1s amoeblcidal

.

ﬁ(Carter, 1972]. Some ‘of them had been kﬂpwn to completely
. submerge . themsclves in thelr bathwater or other fresh water
sooroes. After the appearance of the dlsease, pathogen1c. ai:' Sr,u:
.:yaegiapza‘wereﬂxsolared from the\vxct;ms ;resldences{ and.f:’
N neighbourhoode:bi.ef,eohlorinateddtap water;‘bathirub draias, o
: watering_trougﬁe,_etof‘(carter;'lssa- Anderson‘& Jamieson,: |
1972a, ﬁbii.; 19f25f" In'Britain, two p051t1ve and’ Oneisus—?'
pected case of PRHE are thought to have resulted from three -
chlldren playlng 1n a mud puddle. 'Intr;nasallnoculatlon'f. o , -
< would be possxble 1n all of these cases. 'There have;'ﬁoﬁever,f°

been cases reported where intranasal 1nfiltratlon ‘of amoebae -
r

'-'seems hxghly UHILREIY‘(PatIaS & hndujar, 1966. Carter, 1968'

ibz-' 1972) but no o!her ronte of”ﬁtry has yet been found.'




[

.
.

'sw1hn1ng or sehage contamlnatlon rather than food cc

;another {partcr, 1970 Culbertson, 197Q} Carter (1970,

1
-
. pry

15

2
-

Cases .normally occur elther in the hottest txme of the year
or in heated swlmmlng poolaJp&ghot aprlngs.

Patlents are equally lelded between the Sexes but

: uqually range. from,seven to twenty years of age, suggesting

‘ation or air transm1551on. Slnghland Das (1972b),fouﬁd that: :
. - ] -

the flagellated-phase of pathogeﬁic ?aegler;a is more iﬁfédt‘

1ve and had greater v1ru1ence than the amoeb01d-phase.

. [t
_a . -

Antmal atudeS u51ng cysts for the 1ntranasa1 and 1ntracerebra1

'.

rlnoculatlon have falled to catse PAAE in all cases and there

+is .no éV1denﬂe o£ natural transmission from one anlmal to

e
- NI

[

{id;,'l972}lfoundrthat amoeba'are normal and,mobrle in-an

‘1envirenmentalipu 4.6-2.5 but were ;mmobiﬁized'by.levels below

éu_4 3, by biie.salté, or by”hnman‘serdh. These‘findiegs

Qoel ten€ to preclude amoebxc Lnfestatlon via an open wound

(i.e., the cxrcula'ory system) or tﬁe gastro-lntestlnal tract.
| The 1ntrana;a1 path of 1nva51on hase’ beenstudled w1th

¢

1ight aﬁd electron nlc*oscomy ~ tnnse wrdd dQTOnSLratL tnat

+

tHe amoobae dlcruot the olﬁac.ory mucoaa ‘nd are oOss;blv Dhag-'

LR hw)

A ocytoscd by the sustentacular cells presert WIthln the mucosa.

These cells -are thcn destroyed elther by amoebozd movenent or. /-

.

' enzymatxc dzgestlon, or posszbly both.' The submucosal nervous

;

pi exus is then 1nvaded and *he amcebae pass through the cr;brl—'

" form platc-to th07centra1 nervoua system (:artlnez at al., 1971

¢
1
B .

LY
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‘arourd the amoebae in the brain tlssue.; ‘The surropndlng host N

'etb l973a- {ﬁfd 1973b) Electron_mlcroscoplc studles

by Maitra eL al. (1974T support the flndlngs concernlng entry

P

b) way of the olfacﬁorv mucosa as hell as sth clear zones
e

c

cell membraheq annear damaged sugaesflng that secretloks from

fsuf‘ers neck rlcldlty an&:wcmltlng B" the end of the thl*ﬂ

- the. apoeba’ may have damaged the host tlSSUQ. LT L o

g .
- In all#cases o, PAME 1nvest1gated to date, the symp-

_toms and temooral aspects are similar. The victim usually

¢ . ' L

enjoys robust qood health until beset by an abrupt headacne

.
6

il

-.and mxld fever three to seven- days after the 4agg1erza‘;no—.w'

- culatlon (tﬁfxa Lf rl-. 1968),f OCC351onally rhinitis and a. :f

T

sore thrcat‘accomnanvrthe;first”symntomsl Over . the next ghree LY

-daVQ, the hétdache lntensltv and feveﬁflncreases and the patlc“t'

Cu

'

ERY

cay, allupatlents are severely dlsorlentedf if not actually_‘

comatose, and haée'been diagnosed as suffering from écute pyccenic
-menfngitis; Death from cardxo reqpiratorv fallure occurs on

the fif th or stxth @ay oF the lllFESo- At autonsy the oltectox"_ B

—_ , ,
b01ba are ulua 's markcdly redgcned qnd of teﬁ Jﬂvtrelg hae”— :

'orrhaglc and nntrotxc. Tho ol‘acto*x mucosa is. qe"e*clv

'
T

ulcerateu.' Amoebae are present in portlons of the braln uut

the sites and. dogree of encephalon«xnftstation nay v ry rarkedl;

(Carter,'l972) ?,H,*r.v‘_‘ . ;  N A T
The sim;larlty of thh course of -PF HE in mice and h ns

allows tbn use cf rx e .as sutégple modela (Carter, 1970-

| . Al N T
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Tuit

LR

TAMINVILL b s

I

VAN WY



- . t ' - o
o . . . o oL T e . . : o "
r U S T R o
g0 ‘ . _ - : EA . ‘ ‘
B ' . % - . . ., ’. E . [ .

ﬁartlnez et al., lQ]Ja. Lde., 19?3b) f g; ;'5117.” o 7ﬁ~fl
v The temporal and symptomatlc aspects oﬁ the dlsease
‘ BT T”.j&'
1n exper;nental pathology testlng 15 as follows mlce after

- ,{.'.- [

flntranasal 1nocu1atlon appear normal for an 1n1t1al three day
perlod' On therfouxth day they become less moblle, scratch

'thelr heads vlgorously,_and the;r halr beglns to bfistle._-0n5"w

R L e
the flfth day the mice- assume a- hunched curled ooSLtlon W1th CoE

ltcllng dlsorlented movements.» Thelr faces are éuffy while o

L

: the body appears dehydrated Death usually occurs On the 51yth |

a7

. oy ¥ Sy
_ day m;th the anlmal shrunken, braln swollen and %aemorrheclc

necrosxs present lungs and kldney engerged Wlth blood apleean
' crtatly enlavged and the llver soft and enlarced., Carter (1072}_'

'-notes thbt mouse bLood lacPs the amoeb1c1dal qualltles found e
S / ‘
,,1n human serun aqd therefore amoebaelare\found not Onll in’

-

“the braln tlseue but ‘in other organs of- the‘body. Thls 15 in.

zfcontrast tp human PAML whgxe the amoebae lnfestatlon is” re— ’

strlcted to the. braxn.t &ﬁ is possxble to anfect mlce 1ntra— SN ;“:r
% '| .v :I,i :.

nasally, 1ntracercbra11yﬁand lntravenously but no!tv;a tHe e

"resplratovy'on alxméntary tracts (Culbertaon .* el ¢ 1959..

- ibid., 1959 Carter;- 1970) e __* L “"’

‘@- ' Serxal kxlling studles have shown that by 36 %ours

) after intranasal 1noculatlon the emoebae have penetrated the

IS L I ot . . ('.._."-,

'nasal nucoaal membrane. by 72 hodrs,-they are found in parts

- of the olfad ory lobes, by 84 hours, they have spread through—
. } .
,out*therol actory lobes& and by 96 hours, have spread lnto

. . . -, . : Ve
a . bt . . . . . . o F
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{
the cerebral hemispheres-(carter, 1970}).

Thc pathogenlc;ty of a partlcular Hatdlcr’a straln

should not .hpwever, be based solely on mouse pathogen1c1tj

fln culum proves fatal or not’ (Grlffln, 1972) , The awoeba

Straln may also lnfluence the test results ‘as demOnstrated by

'Savg1 et ac.£1973) who 1501Eted amoebae from a PAMP victim.-in .

Brltaln but found that 1t ‘was non patbogenlc to mlce.-
o All pathOgenlc stralns groy hEIl at tenneraturcs uell
_bcyond thc h;ghest huhan fcver and N jowberz can prollf-'
_crat& at tanveratures up to 46 C (114 8 F)thhereas;lnon—
pathogtnlc strains fall to grou at normal or elevated body

w'tcmperaturcf (Grlffln, 1972) o I

Agglutxnatlon tests sugaeqt the presencc of a common

groupsantxcen w;thln pathogonlc stralns Cross—agglutlnatron

Ca8, T

'aantxbody are rcnoved by absorptlon wlth a susoen31on of non-

1 “ ¢

= pathogen;c stralns aﬁq yct the -serun contlnues to agqlutlnate

fﬁpathogenlc stralns (Anderson & Jamlcson, 1972a) . This nay -

.posqtbly p*OV¢ to be the most accurate classxfxcatlon tool

for pathogenlc versus nOn-pathogenlc stralns._ : T~

peutxc,yalue is a funglcxde, AmphoterLC1n B. Massive doses

of thio drug led to the recovery of -a- PAME, victlm An. Brltaln '

'(Aoley ct al.,11970) and another in AUStralla (Carter, 1972).

..:l°-.'&',.
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To date the only crug that appcar to have anyv thera—



To be effectlve the drug must be glven 1ntravenously in verf

" large dosages.‘ Anphotcrlc‘n B is haghly tox1c and treatu

ment is co%ollcated by phlebitis, anemia and nephroto 101ty . .-
N (Ut? at_a;., 1964). Early dlagn0515 1suxmperat1ve‘as death

jfollows fapidly after the onSGﬁ of PAME sfmptoms.,-sinoe the

amoebac actually devour the tlssue 1nVOIVed even 1f a - fatalltj

-were avoxded there is a dangcr of permanent braln damage 1f
,the.dxsease contlnues for any length of tlme. ‘Several other
'aantiahoebic agents and antlbxotlcs havefbeen te?ted_boo.noné.
| 1968: Carter, 19

have proved eff ectlve (Culbertson ﬂffgl,,

z

‘Duﬁa, l970;:Das, 19?1) T %ﬁ
aﬁcoloaical Asp eLts of Patﬁogens S‘
'é‘nce the amoebae'may be isol'.fd from‘501l sarples, -

they are free-11v1ng amoebae and can easxl; contaminate lakes,  3
pools,_etc. LAnderson &\Uamxeson, 1972 }- A 11nk between o -;

fecal matter and ‘the selectlve growth of pathogenlc free~ 'éi
levxng anocban seems apparent (Apley et al., 1970 Slngh & -

r Das, 1972a) - Industryallzed soczetxes via thermal pollutlon

- comb;ncd wzth lncrcased fecal dxscharge L;om larger populat;ons
o may result in the selectxon of the more viru%eﬁt 'thermopﬁilic ‘
' hccglrr.a by dccreasxng the growth rate . of the nonépatoogenio;
_lcw—temperature tolerant specxes.- Each-degfec that‘the‘water‘

: tcmperature is 1ncreasea favours the pathogenic stralns.,:
Lam1rande in 0. U C DlVlng hews (1970) poznts out the o

'p0551b1e s&mllarltles between Lake Somer, Florlda, where PAME

!
cases-haveqoccur;eu.and~lakes 1n;0ntar;oa Lake Spier is a

~ o et




recrcatlonal lake surrouﬂded by vacatlon cottages._ Septlc
‘;tanks, organlc debrls lawn fertlllzers and pestlcldcs have
,1ncreased the nutrlent level of. thc lake and vegetatlve and
bacter;al.growth 15 ontlmal or pathogenlc ¥acgler*a1 growth;
The partlcularlv \Lrulent stralns of . orlcrﬂ-can produce
death ln a mouse. w1th an lnoculatlon of only 39 amoebae whlle

" an inoculum of .300 amoebae will consxgtently~pré;e fatal to

'50% of the mlce 1noculatcd 1ntranasally (Carter, 1970) " From
 this it is qulte apparent that an}thxng that 1ncreases the
Dathogenlc populatlon in a- fresh ater source 15 Dotentlaliﬂ
'dangezous, In the,fqture, along with the‘lncrease in Ontar;o's
--pdoulation andltheir iéisure tihé, wiil‘5055ibly éb*epgteater"‘
pollutlon of the fresh water recreatlonal arets and an 1rc*cascu

opportuﬁltv for pathogenlc Nazgieria. Thls _may prove partl—f

l cularlv Harardous to scuba leQrS and- others wbo spend conqld— o

erablt arourts of tlre ln thc'water durlng the hot months of

r
-

. the ycar. ¢ ;

Dos aantOS {1970) rcv1eﬂed 16 174 autopsxcs (1920-‘

#,

1968) froﬁ ‘the. Qlchmond V;ralnla, area and ound flve Drev10uq— o

'fly unknoﬂﬁ and Uﬂoublzshcd PAﬂE cases. The Vitél Statistics
for 1971 (Prov:nce of Ontarxo) reported 12, fatalltlcs from -
v1*al encephalxtls and 7. fron ncnlngococcal ln‘ectloqs, 1n

1972 there ‘were 17 and 28 dcaths respectlvely. Thls ‘is not

. to xn‘er that any of these cases were zncorrectly dlagnosed

. but rather that the medlcal p*o‘cssxon should be made aware of

Sy
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‘plants were excluded) .

{ - :
the potential danger to ensure a rapid and accurate diagnosis
should the disease occur.. If pathogenic strains could find a

suitable environmeht and*survive the rigors of an'Ontario

wxntcr thcn there is a deflnlte possxblllty that PAHE has,'

or will, ‘occur in Canada.
Slnce it was not known whether pathogenlc stralns f

bfﬂﬁacgacrta were present in Canada, thls research was con-.

“centrated 6n the isolation: of a pathqgenic strain (if_pdSSible)

Fl - <

"and a comparison of its characteristics with other non-.

pathqgenic-strainS‘isélated-from freSh'water sources in
Oﬁtario. “To add to thn relevance of the study, water sapples
! .

were taken' on]y ;rom sourccs whlch mere used by, or were

accessxble_to_the publlc_(l;e., canals, reereatlonal,ponds‘

and streams, swiﬁmihg.pools}‘and-fishiﬁanﬁs: sewage treatment’

JLYavAN YWy
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I1. .\~ METHODS AND'MAmERIALs o 2
" In order to be as brlcﬁ‘gnd as concxse as possible,  _ S
e :

»the fpllomxng natcrlals were used conrlstently durlng the
‘coursc of the research pfOJCct. Unless OthchlSe stated
ncthods and raterlals are smmllar to or are modlflcatlons

‘_from Fulton (1970}

'(a) Trxqr- 2mM Trls (hydroxymethyl) amlnomethane—hC1 buffer,

pH 7. 4 orcparcd with Ce- 1onlzed watcr._"_ - 3.»"; ‘-. o

.(b) lugol's Iod*nc —-4 g iz and-G é K1 d; soiQLé in a‘few ?
drops of deﬂLOnlzed water an& dlluted to 100 ml | .%
(c) ?roe“i sallnn (Pace, 1967) - a dllute salt solutlon,f N :

_pu 6.8-7. 0, conalstlng of LaCl,-O'izo g.,_u.gSO4 7H20, 0.064 g;; “:ff
- Caci ‘2N, é 0.004 c.,,na2n°o4, 0. 142 g.,_hH2P04 0. 136 c.,- ; 'i
~de- 1oqucd hater to ma?e 1 lltre. ) . " B | é
_#(d)=hashlngﬂ~ ALl hashlnq of cclls was ’ done by susnendlng the ‘%

célls in:Trls“ln SO*ml. plastlc centrxfuga-tubes, vortexlna

v1corou"1' '”o*tey genlc) and then centrlLuglng for 45 SGCOﬂﬂ"‘%'
’ LY

w-at a Settlng of 5 (SmlnCLRG Bucbet Inyernatlonal Cllnlcal

n . *
b

_'Ccntrl-Uco, Fodel CL) nanuully operatcc mechanlcal braPc‘

15 buxlt 1nto the lld of the centrlfuge dnd allows rapld '_“ o
‘-stoppagc_oL tne-igtpr_by-applylngrmanual pressure. Cells?are-'

: . : R ’ :
“usually washed three times to rc¢move bacteria.

(e) Sterilization - All contaminzted, glassware was soaked in.
Ligui-%ox, washed thoroughly and.sterilized using dry heat

A
1
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;(IBOOC'for‘j hourS).“ All medla and sterilefwater wére,auto;
;claved for 15 mlnutes at 18 p-s.i. Whenewer posslble, d‘s;ﬁp'
. posable equ1pmcnt was used and thls lncluded the sampllng tubes,..
‘petrl dlshes, syrlnges,=gloves and face masks; These;were

| deposxted in heavy polyvxhyl bags and 1nc1nerated ‘

| che that elther dled of an 1llness .or were.sacrrflced
. vere treated in’ the followlng manner: All counters were |
e scoured wlth Lloui Nox solutlon followed by 70% alcohol.. All

N surgical tools were kept in 70% alcohol and flamed before use.

_Anlmals were dlpped ln 70% alcohol to destroy contamlnants_

'cthat may have been present on thelr exterlor. Surglcal gloves

and mask were worn at all tlmes. The cran1a1 contentS'(ln—:
";pcludxng the olfactory bulb); the llver, the 1ungs, and the
lheart were removed and plated on non-nutrlent agar with 11ve
A. aeroganea. Thls was then 1ncubated in a humld 37 C 1ncuw-}
"bator for a mlnlmum of 24 hours.P All anlmal parts and 1ncubatedf_

_ tlssue were incxnerated._ PR

.

-

To test for the possiblllty of cross contaminatzon

L%
¢ &

of animal txssue cultures, 42 mzce healthy three Weeks after
{

'amoebae inoculatlon w;th a non~pathogen1c lsolate were sacrl-
.fxced and plated in the above manner. No Haeglerza growth or

‘contamlnatlon wag found in any of these test tlssue culture

%, - .
‘dishes after incubatxng at: 37 C for several days.

{

a,(f) Cell counts - Cell concentrations were estimated using a

'*Coulter Counter, Model 'F' (Coulter Electronics Inc., Hlaleah,

j



.. — 4 o : ' :
Fla.). Sensitivity scttings-providing suitable accuracy for
. - . - - . f .

" the various strainsiwere as foIlows!_AthreshQId'ZO; atcenu--

ation' 2, . and apertu:e 64

S Theloell suspen51on to be counted was dlluted in- cn
-lelcctrolvte {0.4% aCl in de 1onlzed water) to g1ve ‘counts
ranglnc up to 5000._ The“dlluted cell‘suspen51on is vortexed
' v1gorously'to orevent clumoing'of'cells; The Coulter Counter’
absorbs a measured volume (0 5 mls} and éecords the total
cell count found wlth1n that volume.. The average of three -
counts was used to calculate the - number of cells / ml

:Tthe orlg'nal cell suspen51on

j.(@) Lxﬂht w1cr0fco"" - Unless othermlse noted all 1lght rnicro-

: qcooy was éone usipg a LCltZ wetzlar ph&se microscope Wltn a .

Phaco 40/0 65 oojec"ve‘lens (yﬁOO) and a blue: fllter.

_V'Me&surcuent were na e usxng a’ h1Pon Iiler .icroweter whech

was calxbreted acamnst a stage mlcroneter thh d1v1510nc 0. e
and. 0.0l rm. (Bausch & Lonb Ootlcal Co. ) |

'(h) Hudla.- Isolates were NP]ntdand and crown on elther LM
(FultCn & 31ngle, 1967) or hNA (non*nutrzcnt acar) olates thh

.

‘11ve nfvamﬁc,vw avwoqcrch as amoebae nutrlent in all.cascs.

The bacterla pfOVlde the nutrlent source for ?ecale{za and theV:

¥ . . ’

. Ny ,
,amocbae de*lve no nutrltxon from the media. The various neexa

~are’ as follows"' . ;' . A .

. .

(1) NF con51sta of l 6 g. Dlzco Bacto Peptone, 1.6 g.

‘Adextrose: 1.2 qg. “7HPO4. 16 0 g leco Bacto hgar.

;
‘

LMV o .
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0.8 g. KHzPoé and 800 ml. of deéioeized water. g?

‘The medium is autoclaved at .18 pes.i. fbr 15

Tl

_mlnutes,'cooled to approxxmately 45 C and poured

.’

into sterlle pctrl dlShCS w1th approxlmately 20
ml. per dlsh |

'(ii) NNA contalns 2% leco Bacto-ﬂgar in de 10nlzed '
water, prepared in the same manner as NM.

o

(111) Pﬂ contalns the same components ‘as’ NM, ehcept

“the Difco Bacto-Peptone 1s-;ncreﬁ$ed from 1.6 9.
. . ’ ° . .d x f :
- to-3.2 9. : ' '

°

All medla were stored at 12 C untll used NM and PM
: !
arc both SU1table grouth medla for fprooaotbr abrore?aﬂ

(1v) A ac*o;arcs was cu&turec u51ng Penassay Bro h {'ABl,e
a medlum con51qt1ng of 17 5 g- leco Bacgp Antl-'

'blotlc Medlum 3 per lltre of de -ionize

Rater.
ﬂThe medlum is dispensed at 6 ml. per s oopered

- culture:tube, autoclaved, and’stored under regrlg-

eratlon. o o i‘j'd‘ﬂ S

i

(v) PﬂB grown A GG?OGbﬂbF was prcparee by 1n0culat1na

-~

‘a tube of PAmeedlum frcm an-4. arrogcnen stock’
%slant (PAB mcdlum contalrxng 20 0 g. bifco. Bacto-

Agar per lxtre of PADB- wedlum) and 1ncubat1ng oxer-»

- night‘atu34-C;- The resultlng statlonary phase PAB~
o o . B . ¥ .
—5¢u1gure.tzlog bacteria/ml;) wap'then stored'at room -

_;eﬁpefature'andAused for several days. - .3f

et o
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2{1) Plates —1

{(iv)- PM-grown AL aerogcncs was reqﬁired to provide a '

B

"a dense bacter1a1 laxn on hNA platcs _Aﬁproxi;
;mately 0. l -0.2 ml of PAB—g:own A aerogsses'Qas
'plpetted onto a PH plate, the bacte;ial:cﬁlturé-
5pread thh a glass rod and lncubated at 34 C for'
fa mininum of 18 hours The glass spreader is- L
'stored 1n 70% cthanol and flamed llghtly before"
'use. The bacteélal 1awn was removed after ‘incu-

batlon w1th the alass rod and sterlle dlstllled
o .'l

water and centrxfuged at 7 000 r.p.m.- for 15 minutes.

L Norfolk);_.Thé péllétsWas resuspended in a ﬁi@imum"
] amouﬁt of sfefile'de;ionized watér,-vbftéxﬂd'and'
1.0 ml was- sarcad llchtly on NNA nlates wlth the

glass sDrcader e .
. ' : I ’

(1) Spread plates - a w1re 100nfu1 of c~sts of ‘a partlcu-

lar straxn was suspcndec in 0 5 ml. sterx‘n de Lonlzed water
vortexcd v1coroualy ‘and . approxxﬂatcly 105 cysts and O.L ml;
A{ ar"oqon!p(PB? crown) way sprcad on “H. platés.fFIf‘NNA_

plates were used, then‘los cysts w1th]1,0‘ml;iA.‘céﬁégencs

‘(Pﬁ-q:dﬁnﬁ was'spteéa_ontkﬂﬁfplatés with a glass rod. The
‘pl&tes were,then'iﬁﬁefted and.iﬂéubated.a§ the desired temper-
“ature..

(ii) Edge plates - ma?'be'qither NGA plates sbread-w;th”PM-

in a Servall hngle‘Centr;fuge {Ivan_Sorvall; Int.,

.-!.
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xefy

-groan bacterla or WM plates. spread hlth g.1 nl PAB-grow

bacterla. “A spot contalnlng cysts or amoebae was then placcd

o

on- one 51de of the plate and .allowed to grow across the entlrc

dlameter of the_peprl_d;sh.

" {(iii) Double stripe plates<*'two barallel stripes'of bacteria

on'an NM or NNA agar. plate surface. The cyst or. amoeba " sample

. m -
,was a}aced on the end of one. of . the stripes.’ Amoebae grow

FRAEVS

lalong.the strxpe and mlgrate acrosslthe sterilef non-nutrient

'(1 c., bacterla 1ack1ng) agar to the other strlpe. Thls method

cllm:nates u"desxrable organlsms and may be repeated several

‘times if a per51stgnt contamlnant remalns.' All 1solates

were qroWn on double—strlue-plates one or more times before

_,an attcmnt was made to clone thcm

7. o
(xv} Stock g}atES - .all straxns after clonlng Were raln-

talncd on NNA olates'w1th A. crogence at 21 -23 C and trans—'

'lerred to frcsh cdge plates heekly.l After.satlsfactory growth

L nedxum too.

H was. establlshed on ”M plates,‘stocks were ralntained on thls

[

) Cldnc ola*ﬂs - A fcw cysts or: anoebae (10 30) woere

1ntroduced elthor into 1. 0 ml PF—crown A acroques and Poread

'on NRA plates ar lnto 0 1 ml. AB-grown bacterla and Spread

,

-‘on P% plates. ~PM clone plates glve a*denser bacterlal lawn

' whlch facxlxtatcs plaque resolutlon (:ulton & Dlngle, 1967).

lThe plates shouldfbe several days old to ensure the rapld

abaorptxon'o; the lquld ' I“ thc plate?ﬁgre not suff1c1ent1v




Hurlng the clonlng process. The pathogenlc stralns (DC—4 and

dry the amoebae ‘may flagellate and lead to plaques p0551bly
formed by more than one’ cell.
The clonrng technlque descrlbed above is routlnely used

by many 1nvest1gators in the protozoology fleld (Fulton, 1970)

’Thls method however, does not assure wlth absolute certalnty

I

_that theg‘clonedf orqanlsm lS a descendant of. one cell. Thls

',“places limitations.on'the research data and the correct method

'lrmltatlons, the term clone or,ustraln as used throughont

-

‘the test of thrs thesxs refers to an lsolate that may or may

-not be a descendant of a 51ngle cell. , ‘ ) f'J

AlL data reported in. the Results sectlon were obtalned

fron the lsolateo -strains after clonlng. Isolates were not cloned
'untxl the;r oathboeniCLty had been tested At present there is
-fno lnformatxon as .to whether every amoeba Jlthln a populatlon is
‘_capable of_produc1ng PAME. _By<1ntroduc1ng uncloned, heterogen—
- ‘ebus ponulations~of¥amoebae, directly‘after lsolation,”lnto the

‘nasal chambers'of the mice, potehtially pathogenic°species; or -

-would have been the 1solat10n of a srngle cell ' Becaese of these,

LU ESAN TN

indzvrduals wrthln a specxes, would not be ellmlnated (Jamleson )

_& Anderson, 1973). "1f the amoebae had been 1solated 'cloned

»

*and then'the rnltlalspathogenlc test.carrred out there is a

. posslbilxty that the partrcular cell - chosen to begln the cloned

cell llne would not be pathogenlc whlle other members of the

heterogeneous lsolate mxght well be pathogenlc but ellmlnated

R
o

]
\

FT-SZ) were. lnxtlally cloned drrectly from the braln tlssue of the

,.ﬂ...‘
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_of tlme.¢

-
T

flrst fatalltres and these cell lines were used for all

further pathogen1c1ty testlng and taxonomlc studles.

A. Samoling and Isblating of Strains

Samples of water and SOlldS (1 e.; sllme, floathg

debrls, soxl) were taken from fresh water sources in Southern'
i]Ontarlo u51ng dlsposable, lndxvldually wrapped sterlle plas~~
‘tlc 12001 Tubes (17 x. 100 mm, style—Falcon Oxnard) Samples c

were stored in an upright posxt;oa at 12 C for varlous lenotbsl'

- . . ) S - -
. ~
.\'

-

i‘was gently lowered 1nto the botton portion of the samplxng'

1

‘tube and approxlmately 0 1 ml.—O 5 ml. of the sedlment -and
water placed in the centre of a prevxously prepared NMA +
'llve Acrabacter edge plate. A-mlnlmum of-four-cultures was'“'

}vprepared for each sample and lncubated at 37 C for a manlm

d”pof 24 hoursa- Attempts to lsolate Haeglerta usmng NM plates

proved unsatxsfactqry as other amoeba, mold, etc. grew at a

L - 1

faster rate and overran Haegler.a grqwth. The use of only

-

NNA with llve bacterla and the elevated temperature {i. e.,,_f'

' J'

j37°C versus nornal lncubatxng temoerature of 34 C) for isolatlon

purposes. favoured the pathogenlc stralns of Vaeglerta.

&

Raeglerza amoebae mlgrate rapidly outward from. the

:central inoculum area and ‘a distinctive pattern is produced

during thls mlgration. UpOn the formation of the characterlstlc .

At the time of lsolatlon, a sterlle 10 ml plpette

LIEVN A

P
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' a Ta Q . .o
2 s o . e . ’ . T ‘o
wxgratlon rldce, anoebae were rcmovcd usxng a wire loop. and o ’
,checkcd for flacellate—transformatlon by a. squash tgchnlque.‘ B

‘Petroleum.jelly‘was.dcposited around the édge.offan 18 mm.“.
M E PN L ot . . ] - L . ’ . .- b ! .
- covcr'slip, a small Quantity of'sterilc'distilléd water was o

>
3 Wy,

N placed on the cover SllD and tvc umocnae Lntroduccd 1nto thn - e
‘ ‘ W
aqueous,mcdlum._ A lepe was then inverted pver the covcr slln,-ﬁ'

prusscd scntly Lnto pLacc dnd the preoarétlon turned ‘over. . v,
‘Thrcc squash platc preparatLOns were-made per amoeba sample. i .

1he,sl;dcs were Pept at 21 —23 C and mlcroscoplc observat1ows SR

@ _.. ] i

commevco& pﬁ'oxlmatclv one ,houx aFter the lnltlal qusnvnglon.

3 . .

Isolates denonstratlna flaccllate transfornatlon were

? .- a
-

=sub-culbu:cd to frowh ol tns by remov1no the cover r11D and’

X

;mi&ib-pipet;iﬁg i e amocao-flacellatc susocnSLOn onto HNA arnd

'ﬁ?r’:‘;.’zcctc:-- .Odge Dlu'tcs. .

B.'Pathogcﬂicity'TcsEiﬁg of Isolites L : )

. .o T h a B - 3 . : N -
- .. L ’ -

As prcv1ouslv noted, isolates were, not cloned béefore

thnxr pa*hoqnn1c1t"'was.bested but rather the 1noculur con-

)

q1qted of a Hete'oconoous pooulahlon of onp or more stralns R
-of amocbac. R ;.;-‘L? L C S e

“
- . -

.', HQA spread platos were p;ep{iiéﬂyith'the aﬁproPriateJ“  AR

1solate and’ 1qcubated ovcrnlght at 37 c. “he amoebae were

"
. » .,_
s

then removed. waéﬁed and resuspended in theﬁhpproprlate amount
of sterxle dc—IonizeQ'water-to glvefan approx;mate qell den51ty
- . . ,-. . '-_ - .. . o : 7 . . . ’ . 7
of 10° aroebac/ml. or’*2.0 x-104/20 1. Cell density was ..

R ;. e e e L
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'determlned using thc Coulter couhuer 'Few bactefia remafﬁ

w

after overnlght 1ncubatxon on. NNA and the amoebae réqhifcdﬁ

'fonly one washlng.v 1hls 1s sufflc1ent ;o*xemove'mbst of . the

. l §

bacterla hhlle reducxng the chanca’of daﬁaging'the'trophpf

3 e '

"zoites (Carter, 1972) ) 5"‘

All mice- (unless otherwlse noted) were 15 g. female

Sw1ss/Webster, housed at 21° —23 C and- fed freely on standard»

. 0

pellet fOOd { Test anlmals were. anaesthetlzed uslng anhydrous ‘ "_::'
V;ether o Baker Ana}y7ed' Reagenthrade) ané.held.wlth-yhe;rh . :& }‘1 
‘;ventral surf%Fc upne*most.. U;iﬂg‘a'éiséééaﬁle.l c. Ctiéube;: o
;calln syrlnge and a 26 gauwe hyuodermlc needle, 20 vl l%ﬁ

-the amoeblc suspens;on was 1ntroduced lntranasally. The ;

"aqxwal muft be breathlng deeolv and evenly to ensure thn 1n::'
'1ha1a210n of u"e 1noculum thCh is- dep051ted on. the e#tefaalh"
'f { éi&e animals'werefueea-as'a contr617f6f caeh-ﬁeatiﬁg

o

date._ Thcse werc treated in a, 1Lke manner to the tcst hnlmaldr

but 1nstead of an *noculun of amoebae, thcy recexved 20kwl,

.

secrle ais txllec atex qontalnlng a small DOnulatloﬁ o-“ o

'

" of

~‘[F¢éi:.tcr. ‘No deat%s resulted’ in thesc animals.
R VIAftcr ;neculatlon all anxmals were watchcd for Slgns}‘
of morbldlty J All dlsea;e Igtalltles.and saeraficea anlmals
Jwere plated as descrfbed eade; éterlllzatxonwmethods; Ether

a‘ - . . . -~

vapour w s used as. the k1111ng aggnt for sacrlflced anlnals.

°->

‘_hnimais-survxv1ng six wceks:af or 1noculat10n and not reculred
s ’ T, - © T : ) “

-. ‘l - - ',-- ‘. . ' V‘ " ' e C: .
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for further experimentatlon were dzspatched by the anlmal

'attendant

C..Selection'of Strains’for Taxonomic Studies .-i

Stralns were. selected for pathogen1c1ty, le&fSltY
f N
of envxronnental habitat and. phenotypic dlfferences.

D.'Suitable Culture Conditions fog*Selected Strains )
- + After the selection of strains for taxonomic studies,
. experxments were perforned to select the medlum and. temperature

‘ﬁ:that produced the greatest cell 1ncreasel Fulton and Pingle (1967)usec

R

33° 34 C for prepaﬁlng NB-1 for experlmental work: whlle Page

FLNVINOW

e

. (1967} used rOOm tempefature for hl:fggralns.. The tempera- f '
ture’ in hls-laboratory varled from 25° - 30°§_depend1ng on_*’
: the time’ Of the year: It'was observed visually that all strains.

_cleared edge plates much more rapldly at 34 C than''at room |

LY L L T |

:"ztenperat“’e° C°“Seq“ent1Y temperatuxes of 30°, 34° and 37 °c 7

;were selected for 1ncubation purposes.

.!,
'_\" Nine NNA. and nine NH spread plates were prepared for_

v

N
h\gwgach strain in the follow1ng manner. a sterile de-lonized

\\water and cyst suspen81on was made from each cloned 1solate

t

a a count of the cells/ml. made usxng the Coulter Counter,‘
0. l ml of the cyst suspen51on was, m;xed with 0. 9 ml. PAB—grown

Aerobaater ‘and Nﬂ spread plates prepared; 0. 1 ml. of the“

a

2

‘cyst suspension was also mlxed with 9. 0 ml PM-grown bacteria
'.and NNA spread plates prepared; 3 NM plates and 3 NNA plates'
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of each 1solate were then 1ncubated at each of the three
temperatures for 20 hours The plates were then washed
pooled, and a Q\Fnt of the cell den51ty was taken for each‘
"ltreatment,_ nmoebae were also observed mlcroscoplcally im~
mediately after removal from incubation to note possrble
;abnornalrtles. For the purp?ses of thls study, the ‘temper- °
ature that resulted 1n the greatest cell 1ncrea5e is termed
:§ the 'optlmal"temperature. There,may be temperatures_
'_other than the three tested that would prcvrde sllghtly

-

-greater cell lncrease.,

a

g-'(a)]Temperature Dependent Rates of Advance

" . (b) Temperature Tolerance

‘ The relative rate of advance-at a particular .

) . & . o . . . ) . ) .
temperagure was expressed as the average_amount-oﬁ_time

required tO“COmpIétely clear an- edge plate_ Témperature tol- - . -

B R R e

. erance (1 e., cr1t1ca1 temperature) was determlned by esta- . -
blishxng the hlghest temperature at which a partxcular strain
.of amoebae was capable of proll eratlng (1 e., clearrng an

-.edge plate). | | _ T .. o | | | .

- B Two ﬁM edge plates were prepared per straln, DC—4

'and FT—SZ also had two NNA + bacterxa edge plates prepared

‘in addltlon to the NH plates. The strains were then spotted g

all edge plates,- the. plates were inverted and incubated at

.I PRI

‘the partrcular temperature being tested. The average amount

of time requrred to completely clear the edge plate was recorded

B

4

. ‘ : M e -—"- .. .'_A




. culture was then resuapended xn 1 lltre of MOPShMg buffer..

34

As the temperature was elevated it became ﬁecessary
N . ; B T B : R
to seal‘the'dishes in air-tight containers to prevent drying

. and to help‘sus.einﬂbacterial~ectivity.

v

2 Generation Time =~ . ° . s . : N
Generation iih\\for the selected Lsolates was deter~

. mxned by grodlng the amoebae in quuld culture, a medlum

_ conszst1ng,of 7mM MOPS-buEfer, 3mM Mgsod, pH 6.8.and '
- I ' " . - . - -

bacteria (Lastovica & bingle, 1971). Lo LT
The bacteria ere first grown in 1 litre batches of '
PAB 1n‘2 8 11tre Fernbacn flasks in a gyratory shaker- .:i'l‘.

‘1ncubator (Hodel 2156 Warner-Chllcott Lab., Research

Specialties Co., Rlchmend, Calli.J at 37 c and 100 pscillationsi

éer'minute,-cehtrifuged ih'ZSO ml.'plaStic'bottles,(Scruall
RC-2B Centrlfugre wlth GSA rotor for lO mlnutes at SfOObrr

 r.p. m.}, and the bacterlal products of 2 lltres of~the PAB

The culture was then dlstrlbuted at 20 ml-.- per 125.m1.

Erlenmeyer flask, stoppered wrth cotton plugs and placed

ﬂin the gyratory shaker-incubator to pre-warm (32 C and 37 5 C

~

. at lOO-oscmllatxons per mlnute) The 32 C 1ncubat1ng N .V ,

.r'temperature was used as thxs is the temperature at whxch the
‘generatlon time for NB—l has been previously establlshed
(Lastovxca & Dlngle, 1971) -

Pre-uarming the buffer before the addltlon of amoebae -

VNI

[

EIR LTS L
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foréstalls'transforﬁatioh which would lead to a 2-4 hour

delay beforé meaningful growth readian.could be.taken.
The amoebae are grown to s*atlonary phase on sult—

able mpdla and suspendcd in MOPS- buffer (21° - 23 C);Twashed

‘ane-and resugpendcd in approximately S ml. buffér.f'Thg_sﬁ$f f.
'iﬁension_dénsi;y'ﬁas thgngetermined:witﬁ'thé_Coditér'Gounter :
and a sqfficieht amount of'tﬁé-améebic'éuspensioh w;s addedj
“té the Zd‘hi. pre—warﬁed‘MbPS—bacteriél liquidwgulfufé‘toﬂ,;:

-

éroduce 104;60 105 amoebac/ml. The'amoéﬁae addition should o

' be less than 0.5 ml. to ensure accuraté céll‘dénéity'counts
) S -
at later stages. . Samples were removed from the 37 5 C culturo

i
/
hourl) lnte*vals dﬂd at’ 2 hour 1ntervala from the 32 C

iculture, counted and plotteu on semi- IOgarlthmlc (3 cycle m
70 lelSIOnS) qraoh papcr as-cells/ml, versus tlme (hoursl

Lﬂt 21 a LPflﬂlt“ gxnonentlal grOath rate had been estahllsnc
Portxons oF thc slopcs kere qelected in whxch the gr0dth_haa

S

douhlnd ge ., 2. 0 x 10° to 4. 0% 10% cells/ml.) aRd the tire

‘requlrea for those doubllngs was. resolved by reaéing off the -

lelSlons.on,tne abscxssa-uncer‘the slopes. This doubling

" time is terred the generation tirme (Fulton & Dingle, 1967).

G.'Transfofmaﬁion Kinéticsfaﬁd Heat Shock-

Tranaforratlon tQChDLQUCa are. accordlng to Hethod
c (Pulton. 1970) ~ The heat -shock treatment. to achne\e

‘rultx flagnlla per ccll w3s. aucordlng to me;hodq get forth




-

by Dlngle (1970)

Cells were 1ncubated approxumately 18 héurs at thelr_
.Optlmal temperature on spread plates : Amoebae were then're—.lf
ncved from the plates us1ng 10 ml Trls and a glaas spreader--

_ and washed as descrlbed orevxously ?Trls and the centrlfugei
.tubes were kept Chllled in an 1ce bucket to delay the onset

of transformatlcn. After each washlng the suPernatadt was

“l [

dumped raoidly to prevent excessxve loss of amoebae and the -

]
T

ﬁbcells here resuspended in 20 nl. Trls in a 125 ml. brlenmeyer
flask aqd 1ncubatcd in-a reC1procat1ng shaker water bath at
< |
1
25 C and 100 osc1llat10ns/m1nute Zero tlme (t=0) was-con-

9
;

jlsxdercc to be the tlme of final susoenSLOn in- Trls and the

‘f co.nencercnt or.lncubatlon Routlnelj, l > amoebae)flu wOfEL

: used to ensure adequate cell dcnsxtles for countlnc purposes

.’Sannles of cell susoen51ons vere removed at credtter— h

’nlncd tlne Jntervals w1th a Pasteur capillary Dloette and 3 |
or 4 drcps ‘Lxcd thh 1 ér on of Lugol s 1od1ne.-.Care was |
taken to vrcvont excessivc ac1tat10n whlle olpettlnq asfrevcr— e
sion o* dﬂ—fldcellatzon ray OCLUI.» The'flyed samoles were -
storcd ovcrnxght uncder rcfrlccratlon berore countlng or mablng
cytologlcal observatxonf 1f tﬁe orxglnal cell suspenSLOn den31ty
~had bccn low. Thls allowed the cells to settle to-the botton
of the tube and prov;ded a denser cell pooulatlon for micro- 3
SCOplC purposes. ‘ B ."_- : ”‘;Hf ?jds“ -

A dr0p of the ccll lodlne samplc ‘was. de9051ted on a.

l-" o - o . ' " - ) . o ...-_
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glass sllde and an clevated cover Sllp (clay feet) addcd

-1

"The flagella appear black and distinct whlle thp body and many.
_organcllesrarelorange,. For the-transformatlon kinetics,

100 céils‘wcre conntéd”pof‘sampling tine for tho preéencé'of
abscnce of flagella and 2 graph drawn plotFLng percent ‘lagel--
lates: versus tlmL This allows the deternlnatlon of the T;

50
whlch represonts the time at whlch 50% of ‘the cells are -

flaaellated A separate count was made of the number of

Lt

flagclla per flagellate.

]

To dcternlne whethcr Heat—shock uould dlsrupt t“ﬂ

-

_metabollsm of the 1solated stralns.suffLCLently to'alte;-the

SN

nuﬁbéf‘of-flagciia from thaé'foundfunder normél tfansfo*@*
‘atior'témoeratufes:(i e.} 25 C) to a grea ter number of
_-‘lagella per ccll as had becn found hlth thc HB 1 straln
.samn‘es were gromn and prcparcd in- thn sare mannar as de—
‘scrxbcd fov normal transformatzon.f However, at t—o the flasks-~
here olacdd 1n a- 38 C 'cClDrOCatlnG snaker water bath and

. ‘1ncubatcd for 40 minutes.g The flas*s werce then transfer*ed

ald .J‘

"to the 25°C nager bath and alloncd to contlnue trans&or*ﬁolon
I .

a furtﬁc*VZ *ourv' Qanoles were' then flAﬂd w*th Lugol S

xodlnc as descrlbcd orGV1ously and a count was made of thef'

;nunber of flacella per cell.

H. Cyst Stofagé"and Viabilitx 3

- Thé.cysts to be . tested for duration of wviability were
- ‘ "‘ . . ,.’ . R -, - . . B ' / _‘n.. : P )
prepared ‘in-the following manner. A minirmum of three I

7 -
1




spread plates per Straln was lncubated at thelr Optlmal

A

tenperature éb: 48 hours.d This. was to ensure complete enoyst— N
. ment.- DC*4 and FT—52 were: grown.on. NNA 5pread plates ‘as well

as the M plates. The encysted stralns were sealed 1n air-
»-tlght contalners o prevent drv;ng and stored at room

’temoerature (21 -23 C). ‘At 14 day lntervals, samples of

. ! . . .
~ the cysts were removed and tested on NM or NNA edge plates - . ir
‘for Vlablllty. L T I S .iﬂ . ~ t_f

B

V

1. Reslstance of.Amoebae-andpggsts'to'ﬁQSlccation
' To_test“cyst_durability,‘eaCh strain wgs incubated
:to.comOlete ehcystment as desCribed in the preceding section.”

Y e

lht platcs vere tnen mashed hlth de-lonlzed watcr, CcntrlfUuLd
-and cyst samoles From the pellet pkaced in 1251nl. Erlenre¢t*
' flaqu contalnlqg 10 rl.'ot onc.of the fOlthlnG 1 solutlon
'llqur—uow, 2% solutaon Lloul-hox: ‘or 70% ethanol : The flasksl_
”'»ere stoppered 11ght1y and 1ncubated 1n a water béth at room
'xtcmoerature and 100 osc1llat10ns/m1nute.' Samples were taken .
?at 24 hours. mashed thoroughly (a mlrlwun of 51x centrllunatlonsl
and a nortlon of each pellet spotted on ‘an edge olate." ‘Part’

.of each oellet was *cta1ned, alloueo to dry/at Yoom terocrature o

for 24 hours and then apotted on - edge plates. A control for .

‘each straln uas 1n1t1ated from the orxglnal centrlfugatlon

o -pellet..lncubated in de—lonized water and edge plated

To test amoeba durablllty, amoebae were grown to
‘ . _ .

. L . - . X A
e L s - ..




' L . . . . . . "
-

-*statlonary phase on NM or NNA spread plates, harvested ‘and -

,

suspended in a dense sterlle dE*loaned water suspen51on A

small drop of the anoeblc suspenSLOn was placed .on a glass = -’
: .

'éfdldc and an elevatcd cever slip placed atop. Using.a Pasteur

' pipette, the desired testing.solutions were allowed‘fb,digiuse

o 7

undcrgeﬁe cb#er'siip whilé?being'bbserﬁed with ﬁﬁase coﬁtrest

0ptics.; The solutlons were those used for ‘the cyst durabllxtv :

3

tests and a possxble 10% dxlutlon (max1mum) may have occurled

because of the aqueous‘solutlon_the-amoebae were already

suspended in. ' However, the amocba suspension was kept to

*aﬂminimum'end fhe emoune'of solutien that diffﬁsed;ﬁnder'tﬁe_;
~covcx.slips farrexeeeded<it;:.This wes te enSufc‘a ﬁini%um_

famounf'qf-dilutienur:A.controi siide ceptaininé_eniystﬁef
originei.emoega sﬁspensioniwaslmeinteihed;'

a

-J.'McaSUreﬁenfsaand Taxoncriic Observations ' o ‘Ff
.l . -y o . . ' - ! *
T N T~ . o . _

Unless otherhlse noted, the'ﬁatefialf and methods-

used ‘in thls sectxon ere, or are modlflcatlons of those.set

Lo

.forth by??agc (1967)1 Stralns thl,.DCTL.and CT—SLWQ;e‘tfans¥_'

fer*cd to KNA‘and re—cultured several.times on Ehis_new culture

. medium to en"ure consxstent cro th/béraviour. = DC-4 and-?T452,

were maxntalned contxnualey on &NA thh Iive bacterla and}

therefore, dxd not requzre transferrlng.- Plates were lneu—

.“bated at 34° C rathcr than 23 C as descrlbed by Page.l .t

/ .

3




b

:vaCudlcs present 1n an'zndlvxaual a, samole-was oreparcd-as

"utxllzed a;tcr Lhe walting perlod and anoebae adﬁerencﬁ to

40

3. (a)‘AhO¢hae:..

‘_Amocbag were removed directly from the growth plate '

-aftbr'approximately'ls hours incubation with a wiré loop and

suspcndcd in Paqe S amoeba sallne on. a cover Sllp. The cover
slip wds qu1cbly 1nverted and placed atop a depressed well
}

slide ngzng a hanglng drop.' The sllde-was 1eft for.aoproxu
: ? / .

-lmatﬂly lS nlnutes q?forc obscrvatlons and measurements were.
. bcgun to follow amocbae to adhere to the slide and resume

normal-movcmentm The/ﬁgpglng drop Wlth amoeba saline producés.

.

little ccll dlstortlon evcn after lengthv perlods of obser~
_vatzons.g Length and breadth neasurementsfof 100 amoebae in
'ﬁotiﬁn were recorded_as wel‘_as general observatlons on’ the;r'

':pdftiéular“type bf'locohétion‘and_thc prescnce-o;.abSence'o,

uronddla.

To rcasurc the nuclear dxameters and to observe the N

‘gencral shape o; the nuclcolus and the types and numbers of

descrlbgd ‘above and WlsserbaLw s flx*txve (nzssehbaun, 1953)

| the. slide. R

i
E lesenbaum s flxatmve con51sts of 10 volumes satur-

-ated solutlon of mercurlc chlorzde,.Z volume° glac1a1 acetlc . /

TS rczal formalin. and 5 vé—‘“€§“tcrtlary '

o

o

butyl alcohol. Reaaents were nlxed just prlor to use. The'nr

- flxatlve waS'pxoctted dlrectlv ‘onto the amoebae (Or flacellate)

3 . . i - . R . L . - .
- g v i . . s



‘5u5pcnsxon, after 15 seconds the flxatxve was dralned of £ and

the slxde flooded w1th 70%- lodlne alcohol for 3-4 mlnutes.

‘ hashed with 70%. alcohol for 3- 5 mlnutes, and was then readf
for mlcros&oplc observathns (xlOOO) w1th oil immersion or

;

{urther stalnxna
L

Tbe 70% lodxnc alcohol con31sted of 70% etha;ol éat—.
_urated thh 1od1nc untli a port wine red colour was obtalncd
'Thls washing was requ;:ed to reNOVe the’ mercurlc dhlorlde
3and o"cvcnt blac? dep051ts on thelsoec1vcn.-
'ui": It is not necessary ﬁf invert the sllde‘Lér 15
'“miﬁutés beLore the addltlon of lescﬁbaum 5 flxatlve but a
:éfea;er nu;ber_of.gellg are aff lfnd to the slade 1f the Ei
amodﬁae arc é11$wedfto'adh¢r¢ po_theiglass.bcfore ‘the flxa—'
tive is added. f The t;sutyl-aléoﬁo1 bresént'iﬁ'ﬁhe fixative
'_baﬁqns #dhe sion of arocbae and flaqellates to thc glass

'”-Thﬁfc is- llttle, 1f 1ny, dlqtortlon of the nucleus, vacuolcs

.
b

'..or.gencral amoeboxd shape using thlS flxative;_- S "f? .
-fultotlc events were studlcc 1n the manner: sg; forth "

by “ace (1967) wlth minor modlflcatlons,. Sp*ead ulg%es “erc .

-gro.n_‘or auproxzwately 16 hours at the ootxnal tomnerature,-
a largc loopful of amoebae was. 'emOVGd frOm the platc,:sus—
 pendcd in the amoeba salxné solutxon and anedlately flxed

with szgenbauJ s fxratlve.' The lmmedlate flxatlon xncreased
"the chances of amoebae being present on the sllde that were

s:actlvoly undcrqoxng mz*ocls._ The amocbae adherc to the qlass

B
Pt c S
T P , : . : : !
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-

and appear normal morohologically thle-the bacteria are

b

-washed off the slide. After the final alcohol rinse, the
-.cells were stained for.five mlnutes'W1th a modlfled Kernech-

trot (Chroma-Gesellschaft} method.

The Kernecht*ot sta;n is prepared by dlssolv1ng

 5 g. Mrchrome Nuclear Fast Red (Herzberg, Mlchrome No. 1023

Edward Gurr, Ltd., London) in 100 ml. of a 5% (w/v) aqueous

Al (504)3 solutlon. The slides- were’ washed«w1th de xonlzed

, water_and_examlned nsrng phase optics (xlOOO}-wlth_oll im-.

.

mersion until an amdeba undergoing mitosis was found. - Observ-
ations were then_made)as to whether the nuclear membrane
waS‘intact,lfhe appearance‘of'the‘nucleolus'and polar masses,

if any.\ The staln glves clear deflnltlon of the nuclear bound--
P

o .ary and of other components present wlthln the nuclear

‘membrane. Food vacuoles ‘and- other unldentlfled organelles

also aopeared quxte.dxstlnctly-wlth thlslstalnlng technlque.'

J. (b) Flagellates:

. Plageliaresrﬁere prepareq‘as'preViously described -

under the Transformation'section; However,eno'samples_were

“taken- untrl t=2 hours.. At that trme.‘cells-were'removed'

S

using’ 2 caplllary plpette and foed with Lugol's iodlne.'

' These cells were then used to measure the number of flagella o

;per cell the flagella length and the flagellate body length

and‘width.' Body’ shape was also noted and recorded.

S




: J..(c) Cysts:

Cysts were washed with de-ionized water‘and-a drop:

-of suspensxon was placed on a slide wlth an elevated cover’

‘sllp. The draneters of 1oq 1nd1vrduals were measured and

the nuclear dzamettrs of 25 1nd1v1duals (x1000 w1th 011 1m—
<

' merszon) The shapes were recorded and the cyst walls

studled for- the presence of pores, plugs ang. pther structural

aspects.

. .

Several 1nvestlgators have noted the apparent dearth

-

eof pores in the cyst walls of’ pathogenrc strains (Carter,e‘

1970. Culgertson et cl., 1968 Saygl et al., 1973).— Regular

ra

FLRVINO

'gphase contrast llght mlcroscopy (xlOGO) falled to resolve -

whether pores were. or were not present in ‘the' stralns belng
'categorxzed and further studle% were then done u51ng a scan— o

"nxng electron nlcroscope wrth methods modlfled from those of

2
AUV

Darley and Lott (19?3} Cells were plated on 5pread olates.}--‘
incubated at optlmal temperature for 72 hours to - ensure cbm-'
plate encystment; washed. four times uszng 2mM Tris buffer to'

remove bacterma and then fxxed for 30 mlnutes rn a frxatrve

- consistlng of 0. ZH phosohate buffer (pH 7. 2), 4% glutaraldehyde

fand 20% glycerol Samples were then rlnsed thh 20% glycerol
j;filtered and afflxed to aluminuin conductlng tape (3M Co-, d
'St. Paul, Hinn ).: The samples were rapidly frozen in iso-:

.pentpne cooled by liquzd nltrogen- transferred to liquld :

nxtrogen, and~finally transferred into 6 1nch Pyrex test tubes

*



standlng Ln & litrc plastxc beaPer whlch was half fllled with
lxquldroltrogen. The tubes were held flrmly 1n place by a
‘_plaétic.top that flttad over the beaker:- The‘beaker Was_then.

placed under. the Béll jar.of an-Edwards*Vacoum Coating Unit

L

'Modél-Ei2E4 and pumoed usxng the: rotary pump onry untll _the’

'nltrogen had sqbllmed and reached room temperature. Thls pre—‘

-vents condensatlon on samples when they are removed from the

-
it

vacuum. - Dried speclmen were kept under vacuum untll mountlng

ot L. \_,.

and cO&tlng.‘ All samples were pre-coated with’ carbon followed

@

by palad;um—gold 40/60 (E F Fullan Inc ) and v1ewed u51ng'

-an NHR Model 1000 Scannlng Electron MlCIOSCOpe. Mlcrographs

"

w%re ta?en usxng a Groflex RH/lO camera w1th,11ford FPd 120

_black and whlte panachroma*lc safety fllm and a 55; second ex-)'

A -

' posure tlme Prlntlng of the mlcrographs was dOne on a’ Lab-
'oratory 1385 enlarger (Durst) with Latlco 140 and Latlco 200
_;ens (‘B settlng). ho. 2 Ilford paper.- o o '_ N “h“’

s . N ..
R o T e e

r.-.b-'
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A. Sampling"and Isolatihquof‘Strains

rormq. It should also be poxnted out that 1n the majorlty

- of tbe samplcs.‘onlv 1 ml.or less. was used for 1solat19n pur-

‘stragns-isola*ed o -‘;_;} = (R R e

11, T o _RESULTS L

c A mlnlmum of 29 stralna of Vatglcr~a were 1solated

from the orlglnal water samples (Table 1) It is p0551ble

that leed poyulatzons exlsted thhln these isolates and thato

_mére(than 29 strazns were actually present,- Many ‘'samples

N
AR )

'contaiﬁed several differeht dmoebic forms, none Uf-which

t

provad to be ?aerl rias "?aealer;a may have been present in
v s

thcse 1ncubated samples but were outgro#n by otber Protozo e

-poses.; I‘ the conolete samole on an even greater volu"c kaé ?

8 e

been UScd thtre undoubtedly would .have been more then 29_° b
» T - . ; . )' f :‘

1

All sarples were baken grom the area borde“ed by

. Hanllton to the south, TorOnto to the cast,. Guelph to thc

Ty

1 -

. hest and Mldland to the north"’ The najorlty of +he samoles

'“Aron areas hlgh An organlc g wth or fecal pol ticn {i.e.v

o

WQre“‘rov'publlc beaﬂhns where tne ater tcnds to oe warp anﬁ
r -

9 qampllng,'rt qu notcd»tbﬂt t? s ertlcular 51tes nosscssec f

, .r'-

placxd both\featurea sulted to amoeblc crowth. ASamples_taken
CD—J ac- .'HPflG, HM:3S,‘and_FT-S3) coptalned,seﬁéral‘typeefﬁ.j

j
o L L R
oﬁ amoebae. ' : S v . - ‘ - |

A 4

Only six sampllng sxtes falled to Yleld any amoeb01d

?

forma whcr ."e.of the annle was 1ncubated At the time of

45 - S | K

. . ' Yo -v'f‘ - . - ' c \'?
P R - . o . .




' 1itt1c; 1f any Vegetative gfowth ‘This apparent lack of

"vcry mueh like X;cgiariolxn the amocboid-form but failed to

,practlcally all water sourccs in our envlroqﬁent and are

'ﬁrom a smal}_éilt—filled pool that was so}viﬁg as a drainagej

organ1c materlal along the banks and shorcs was probably due
to thc,qucﬂlcal content of the factory dralnage dltCh {WD 6
and WD~7) and the turbulence of the Grand RlVer (GR-40) and

Lake qﬁron (WB- 27) at these partlcular sampllnc s;tes.f The

RoyallBopgnlcal‘Gardens rockgarcen sample (RB-47)‘was-takoh

rescrvoir for a nearby road constructién-operation and appeared

to be COntaminatedﬂwith'oetroloum'pfod&cté;g._"

of soec1al 1ntcroﬁt was" the 1solat10n of apocbae

1 N

Fron tbc water fllters of the McMaster Blochemlst;yupoparte

mgnt (w?-54), =1he_f11ter$ are usod to de-iohizc;ghe water

“w

uéed‘for vifa; éancér feéearch.aﬁd afo‘chahgbdfdt tﬁroé;ﬁonth_

irtoréals.' Thé prcscncn‘Offamocbéﬂ iolfhose-filters couia be

due onl" to thelr presane in the hoepltal water supoly The

amoébae MCIQ 903q1b1j of the'sa r:&cﬁhcllr genps as they’ lookod
L - L

transform in}o;#%agcllatcs,

From Tahle 1 on the following -page, it becomes qulte

apparent that #&ejlarﬁa! and like amoebaé, can be lsolated from

-
.

caoable of. occuoylng dlver e;habltats,
. . !
s o R :

-

s
"
—aih
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TABLE 1

L .
. -~ ST e

. R - .+  Amoebae : Naeglértia
Sample. Sampling Site o Isolated _Isolated Pathogén
DC-1 . Desjnrdiﬁs Canal (Dzndas)- » + -
¢D-2 ‘Coot%&,nrive (Dundas) + -

CD-3 L "o s + i +
pc-4 ' Desjarﬁina Canal (Dundas)  +. + +

- CD-5 - . Cootes Drive (Dundas pool) <+ -

oWD=6 _Factory drainage (Hamilton} - -~
CT-8 'Outdoor swimming pool " + o+ -
PC-9 " Port Credit marina (L. Ont) + - T ;
EB-10 - Etobioke Beach (L. Ont.) +- + NT*

- 'EB-11 . EtobloKe R. (Marie Curtis). + + NT

. MC=-12 Mimico Creek (Toronto): + + -

" MB-13  Mimico Beach (L. Ont.) . = "+ - :
HP-14 Humberside Park (Toromto) + + RT
KP-15 xﬂigh'Park-(Toronto) T+ . NT
HP-16 - - - -] + + -

- DV-17 .-  Don Vallev Parkway (Toronto)+ C=-

‘DR-18~ . Don River (Toronto) 4 po-
CT-19 'Fountain (Hamiltomn) . L= :
MC-20 Mississauga Ck. (Miss.) + - . oo

- 8C-21  Simcoe Canal (Hwy. 400) + o, 0 + - - 2
'L5-22 . Lake Simcoe (Barrie) -+ + « NT
BC-23. . Barrie Capal (Hwy. 27) -+ -

EC-24 . Elmvale. Canal (Hwy. 27) A =
ML-25 - Midland Lake + -
BB-26 ~ Balm Beach (Lake Huron)' '+ =

. WB-~27 Wymbolwood Beach (L. Huron) - -
"WB-28 - Wasaga Beach (L.Huron) + ok " NT

. WE-29 WU e - SR

a VL"'JO ‘ " f Lagoon (Nancy- IS- ). T+ - +,_ NT
BR~31 . Batteaux R. (Collingvood} + TR S NT. - cu
PR-32 - Pretty R. ‘ ST o+ S+ NT .
HR-33 = Mad River (Hwy. 24) " = -+ + NT”
"HM-34  Hornings M11ll Creek Park + + - NT
HM-35  Rornings M1}l Pond, | + + =
OR-136 ‘Orangeville Racetrack + - + NT
“CR-37 Credit River (Hwy. 24) + + NT
EC-38  Eric Creek (Hwy. 24) .. + - '

_~ER-39! " Eramos River (Hwy. 2&) + -

".GR-40 - Grand River {(Cuelph) - . :
WB-41  “Huy. 6 Creek {Wemtworth)  + - ¥ NT
CD-42  Cootes Drive .Canal (Dundas) +. ¥ - |
PH-43 - Ontario Hydro site (Dundas) # -

YR-44 York Road (Dundas) - o+ N A NT
YR-45 oom nom T ’ .+ .

(Cdnti&qed)
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I
TABLE 1 cqntinucd—‘ ) .
T R - Amoebac  Haegleria. _
Sample 'Gampligg Site 1 . 1lsolated _Isolated Pathogen
7 : 4 : 9
RB-46 R B Cntdcns (va 2), + + NT
RB-47 - ‘ "o rockgnrde - '
HH-48 Ham{lton Harbour (lHwy. 6)' -+ + NT
_lor-49 . Pond (Hwy. 2 OVLIDHSb) et - _+ NT - B
cp=50. Cooth Paradise-iigh loqu + S+ . NT
CPr=51 " canal-Hwy. B8 . 4+ - -
TFT-52 ‘Fish tanﬁ«dcwabtcr Eiol + + +
. FT-53 " B ' + - :
"WF-54 Filters-McMaster B;ocbem. + -
'SE—I' Courtesy h.D.Dinglg o "__ L Lo ‘
A _ ‘ . B - B
*NT—- ot tested
. .
. i -
-‘;.,:r ) =y
-~ ! -
: ' - i R
' o ' . ; .
‘- _—
. - >
: ‘l - L\
t pe I '
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‘B. Pathogenicity Tésting of Isclates -~

.o : = \L

Slnco this rcsearch oroject was’ aimed prxmarrly

at trylng to locate possxble pathogens in- the area, the ;

,pathoqen1c1ty of randorlv selected lsolates was tested flrst

-beforc a cc1;10n was madc as to’ whxch 1solates wcre to be

wCOToared ard charhctc*lzed ) Only IOIOf the 29 isolates'and--
:hﬂ-i, the control wc;c testcdifor.pathogeniﬁity_(Taplé-l).

MB-1 falled tofprdve patﬁcgéﬂic during tﬁis t§§ting-cohfifm;,
ing carlier téSts bﬁ'?ulton (1976); o i |

)

To tcst for pathogonxc&tv, the aoproorlpte lsolate

A O

'was 1ncubated overnlght and an - Lnoculum of . approxlmatcly

2.0 % 10 am0ﬂbao ncr.anlmal was Drenaredm Ten'or rore
'ng.h:ce were 110ht1) angoq*hetlzeu and lrtranasallv lnocu—'
1@tcd nlth thc aﬁoeba 1501ate. Fll anlmgls werelchﬂrved ‘o*"
‘tho folléﬁlnn cix “ce?s fo"51cns of dlseaSe. All Fatallble%
mcre tcstcd for aroeb1c ln;eségtlbn by - 1ncubat1nc tbﬂ bralnl
and oth 2er orgaqq onlhhﬁ plates hlth live A. aerogenes. . Of the ' .
"jisoiates tostcd, threc sho ed Varv1ng degrees of oathogeﬂ1c1t3,
{a) ‘Strain cg;3, One Fatallty occurrod thfee dajs nLte“qg r 
ihofﬁluﬁ of 2.0 ¥ 164 was‘tested on 10>an1mals.- The Narglenia
-‘that cme ged fron the‘lncubated brain tlssue \cfe‘ewtrehely R
‘small, upovaxxmatelv lo'm or less.‘ The straln fallcd to thrxve o
‘and was lost. ..“ , ‘ | .
(B)-Straiﬁ56Cf9: Thrce fata11t;cs resuited from the 1n1t1a1

P . ry

_péthogcnicity'test, one, at day_G,and_two at day ‘7. An 1noculum

o



-,comoaratrvc teqts. L ‘

'{c) Ctraln“FT-Sz' One fatallty resulted four days -after an

50

©a

size of 2.7 X 10 waS'used wrth ten test animals. The cloned
cell llne proved pathogen1Co nd was used for all experlmentar

'A'pathology exeerlments and pathogenlc versus non-pathogenlc

LY

"1noculum of 2 7 X 10 was used wlth eleven test anlﬂals. eThe

aroeha nembranc anpeared ruffled and amoebae were slow to -

energe from the 1ncubated braln tlssue. Further test1ng of
oy
the cloned strain falled to produce fatalltxes :

of the dlseas that 15, brlstllng halr,-extreme dehydratron

.

‘of tne-bouy;wlth-puffy facé parts, ataxrc movements and. con-.

[}

- and death. Opering of the cadaver dlSClOoCd brain tlfsue

; that has usuall" hnror*hagrc and/or necrotlcaand olf actory

bulbs tndt were soft and puloy, The llver,-and oiten-the

i =

spleen, were. usually eyten51vely enlargad wrth necrotlc patches.

The lungs and heart occa510nally appeered hemorrhaglc but

'nccvos‘s was not obecrved The lnteqtlnnl tract appeared

¥

‘.b“cr as a re*ult of the darkly-coloured fecal materlal.

{

Although"not only the cranral contents, but the 11ver,-\

lungs and heart were platca from PAME fatalltles, amoebae
emerged. only from thc brarn tlssue. Mlcroscoplc examlnatlon

of wet squash.nounts Fron these organs rmnedrately follow1ng
/

‘f'death failed to reveal any‘ameeblc.forms._ However,.even if

.

.f-

Mice succurblng to PAME dlsolayed the cla551c symotOﬂs

tinuqus.cireling, head ecratchingﬁ rollowed by loﬁéxof roblllty

SN

.
-

v




. .

. amochae wére present they would _be extrémefy difficult tol¥f

dxqcern in these partlcular organs and failure to observc

thgm micros c0p1callv cduld not be used as a deflnltlve test

for the presence or abscnce of anocblc 1nfestat10n;. Mouse

blood lackf the amOlecxdal factor orcsent 1n human serum;
and other anQstlgdtors have found trophozoxtes in these
' oroans. o o v o

Amoebae were scen mlcrosc091cally in braln txssue.
1hey appeared vcry actlve in fresh mounts. VaCUOlES‘COntaln-:
lng a goldﬂn colourod substance, p0551b1y 11p1d were prescnt

N .

in anocbaﬂ From braln tlssuc, thcse vacuoles are not seen 1n

mocbae grown on aqar platés WLth bacterla.

Y

- C. Sclcctiop of St alqn"or Tahono ic S udies

Stralﬂs#Wnre solectcd for Dathogcn1c1tv,}dlve*51tv

o‘ atural envxronment ard comoaratlve caalltles.. WB -1

.uas selccted to act as a control as 1t has been studled forj

many years and 15 among “the better taronomlcally dascrlbcd

strazns.r_ua—l was dﬂrlvcd by four 51ngle olaquo 1solatlons-
. . . " a

of the Caer;Lce lSlB/la straln A{Fulton & DlnCle, 1967)

Straln DC 4 nas the flrst 1solate chosen because oL

: L B -
,1ts pathogcn1c1ty in mouse studies It was isolated frOﬁ ‘the

b :
D033ard1ns Capal Dundas, Ontarzo,‘a slunqish fresh wate*‘

canal contaxhlng much sewage mater;al and other organlc mattcr.
.

The sampl was taLcn on Septenbcr 26 1973 cafter. a: 1ong hot

':Spell in thc-rcg;on,*'The témc raturc oL thc water wWas not




T

it registered'34oc.f

ow

taken at’ this particular site until August 22, 1974, when

(3 -

Strain DC- l was then selected as a c0nparat1ve strain

'to DC—4 as it was sanpled at the same time and from the same
§1t0. ‘It, however, was nan- nathogenlc and appeared to have .

‘:dietarv, thermlc and phenotyplc dlfferences L

Stra&n CT»B was 1solated from an odtdoor sw;mmxng

pool. The pool temperature ranged from 1s5. 5\\:\3;:9 °c;

pH from 7 2 -~ 7. B, chlorlnatlon averaged l 0 p.p 'ﬂ(ranged"

‘from O. 6-— 2.0 p p.m. ),,the pool walls were washed wee?l},.-'

{.

jnet cleanlng xas done dally, and the water was Qnder constant

'-'_-' L

.flltratzoa -‘CT~8 wAas amono the most ranldly growxno stralns
flsolatnd and tbe rost easxly cultlvated of the flVG selected

' for urther rtudy."It was non nathocenxc ~Jffd |

StraQn PT- 32 was" lsolated from flsh tan?s used for

~zcbra fish studles in the Blolocy Department HcMaster Unlver—

‘ = .
.sity, Hamllton:e The tanPs'were nbpt at elevated temoeratures

-]

(76°~280C)‘ Varzouq ‘unqxc‘dea and the*apeutlc acents for !

K fxsh surv1val were used fnen recu*red.j Fr~32 was amaller zn'

'.'r ¥
sx7e‘than othc* stralns 1solated crew very ranldlv when con— .

-
[N

:dltlonq were 901tab1e but. was ;nx*lall; dlfllcult to culture

and.maln.ain.- Mouse pathOGCNLCLty tests sucgest that 1t is
gathegenic but' not to the same_expent as .DC-4.




D. Suitable Culture Conditions for“Selected-Strains

{a) Med;um - Only WNA and NM plates spread thh llve Aerobacter'
 were tested for. culturlng surtabrllty. There may be other o
“medla that would pIOVLGG creater growth but these are ea511y
: prepared 'store well and prOV1de satlsfactory growth for most
.1aboratory work. It was found that CT-8 and DCel had¢the
'.greatest arowth when grown on ‘MM whlle DC—4 and FT- 52 grew

' well only on -NA._ DC-4 at. this tlme had not conpletely adapt—

ed to M and grew poorly wh;le FT %2 actually decreased on

‘;thls partlcular medlum NB-l was not‘tested but ‘was grown on: o

- NM for most experlments. All 1solates were malntalned on’ the"

- medlun that appeared to be most surtable for them.. DC 4 and-”

'ET 52 gradually adapted to YM and NM*stock plates were then
instxtuted for these two lsolates. | -
;(b) Temperature - Isolates were\tested to try to determlne

a tcmperature that would lead_to.the greatest cell increase;h

o]

As may be noted in Table 2,‘30 ;'jdé‘ahd 37°% were selected

Zand it was found that 3-8 and FT- 52 grew optlmally at 34 C,;'
'uwhereas DC-1 and DC-4 had the greatest 1ncrease at 37 C.f) i

NB—I was not tested as Other lnvestlgators have shown 33° —34 C

hto produce the most sattsfactory growth (Fulton . Dlngle.,l967) ;Li;:
a - Growth in all cases was slowed when 1solates were l‘h
incubated atédo C, regardless of the medxum used. It may be“ h
noted that Dc-l ‘and CT—B grew exceptlonally well on NH _-

N medlum | The NM nedium provxded a denser bacter1al lawn and

alluwcd a greater amoebae density for the DC—l and CT-B-';~

: f
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©  TABLE 2

H'Growth-of'Egéietesfon-HNA &'Nﬂlat‘Various Temperatures-

The Table shous the tenperatures and media

tested to determlne surtable culture condlthns for the

isolates. Three plates ber treatment were prepared with

I -
£=0".

an inoculum for each-straln,as shown kn the column

Plates were 1nCubated at the varlous temperatures for ;

- 20 hours, washed pooled and. the average cells per o’até

determrned Cell counts were establlshed thh the’

Coulter counter.. The medium and temperature show1ng *»;'

_greatest lncrtase in cell number was selected as thc-**s‘_

e J

' sultable culture cOndltlon.. The amoebae tend to groa

uell at terperatures Wlthln a given range (plateau} and f

any lsolate that sho«ed a’ greater cell 1ncrease at 34|

-would probably grow as eff1c1ently at 33 C or 35 C

(Dlngle, personal communlcatlon)

S
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TABLE 2
_Growth_9£ Isolatesfgg;HNh.é WM at Various Temberaﬁures :
:Isolate_ L =0 %) L aMEs T AR
pc-1° 1.6 x 10° I T 5 :
. tT . 30 1.75hx=107 1.85 % 107
i o034 . 1099 x 10, 2.1 x 10 .
L S 37 Y /2,44 x 107 405 x 100 .
[‘CT—B‘- 3.3£x-ld$' R R 7'/: . .
| ' - 30 - 1:77 % 10, *2.3 x,lO",
34 /3.38 x 105 6.5 x_10 -
_ 37 g 1.3 x10° 2.1 x_lO
b arxact T
o ST .30 - 1.5 x'10, 2.5 % 10¢-
o34 2.15 x 10, 2.5 %10
. _ .37 - 8.0 x10°/6.5 ‘x 10:-J
S FT-52 7.1 x 10° - g v e
o - : 30 2.5 %107. 3.6 x 10/
- : ©0340 3.7 x 310 5.0 x 10/
S 37 T 406 x 10”42 x 1p°
. Flgures rogrescn* cells lnoculated pcr nlatc at t= 0
R tclls/plate at t=20 hours., - '
o Tcmperature and medium. produc1pq greatcs* cell anrease,
: . DC-1 = HM at 37°C - :
. CT-8 = NM at 34°C
. DC=4.=-NNA st 379C . o
.- FT-52= NNA &t 34°%C = Ca
Sy , d
‘lf. )
" ‘i

\-\



56

3 isolates than’the-more'%parsn’ﬂuh plates. The s*rain.DC—f
'decreased in cell denslty when - xncubated on HM at 36%.

FT 52 decreaaed at all temperatures when grown on NM and

_jprOVed extremely fraglle even after NM stock plates were

.possible.

E. (a) Temperatﬁreiogpendent'Rates ef Advance

¥

- To test the relative. rate of advance of the lsolates,_ i

&

'anoebae were 1noculated onto edge plates and the length of
"tlme,that.they required to.completely clear the edge plate
-was recorded. These frgures are glven 1n Table 3._ StraLns;
iCT—S FT- 52 and NB—l cleared the plates i the shortest
perlod of tlme when lncubated at 340 _ Partlcularly_rapid.t-i

growth was apoarent in the stralns HB- l CT-8 and DC-4:at
:the apprOprlate temperature for they requ1red only .35, 31

and‘36‘hours'respectlvely to completely-clear the edge plates.

Both FT-52 and DC 4 had adapteﬁ to NM medlum and

llttle. 1£ any. dlfferences could be dlscerned in the growth
rates:oi these strainS'on the'NM and NNA.medla at surtable-

ftemperatures {i. e., sub lethal)

g At room temperature, the most rapld growth was_,§

l'achieved by CT 8 and an .average of only BO hours was’ requlred
!

-to clear a plate.‘ By‘farAthe slowest,grorth at thls_temper-‘

ature was .that of DC-4 which required seven days to cover
- an_agar plate. =~ . . S

E. (b) Temperature Tolerance . _ _
| ~ Table 3 gives. the crztlcal temperature beyond whlch the

~ -

isoclate cannot survive for any length of tlme. All of

AL




.

‘the strains thted ‘were ablc to su*v1Ve “and mlgrate for at

-
'

lcast 24 ‘hours at tcnperaturcs beyond the uppermost tenner-
I .

ature at whlch they were. caoable of\proliferatlng {i. e.,j

f

°c1car;ng an edge plgte}. ~Only DC-4 and'FT—SZ, the paﬁhogens,

e . ' L ‘ . . ! |
~were able to grow successfully at temperatures well beyond
.noﬁnal‘body tcmucraturei .In all cascs; the temnerature one

degrec past the cvltlcal tervcrature 1cd cventually to dis-

]

lntcgrated ano crcnated amoeboxd forms . There-was no_QVLdence

J'

4 - : ‘

of c"st for 1at‘on at hc elevated temcerature§.

O‘l pcc1al inte reqt was strain DC 4's ablllty‘to
prollterdte at 43 °c (109 5 F),wcll bcvond the range thdt a
‘human can survives - The NNA olgtes nrov1ccﬂ a .llghtly nqre-

o

suitable Fuzrient sou;cé-xor DC 4 Uﬂtll 42°¢ was‘rcathed.

- It may have Hecn that beyond hhlS DOlﬂt the bactcria wn*e un-

b
e
>-
-

‘Lahlc'tb survive ow thn-?ﬂ\ wlhtes ln a sumtablc state to

proyide'tﬁ nrndod nutrltxondl source for amocblc crOWtb

The HM plates, by providing dcquatc nutri tlon for the ‘bacter
‘may have allowed thefi to remain viable and,availaﬁle'for the
amoebae. s
: ¥ L
Wt
. : r 3
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Temggrature Dependent Rates of Advance and Temperatdre Toierance ‘
. '“,. Table 3 gives the average amount of tlme required to completely clear an

edge plate at a,; partlcular temperature and the crltlcal temnerature.

The amount of time requ1red to . completely clear an edge plate was deter—

"

o mined by inoculatlng the edge of two edge plates/straln, incubatlna at the desire

v el

Q.

4.? temperature until complete clearage of the plates, and .- tthaVerage amount of tlme_

'needed was then recorded. {,2 o o - S e .
- N - 5 T .-" L ° . |l ‘._ . ‘} . l
‘ The critical temperature. for the temperature tolerance results, was .
- : 7 _ p . ‘ : ‘ ST . b E _ o
'deeﬁedftogbe the highest_temperature"at which an isolaté was capable of clearing
: L - " ’ ° : . - . : : . Lo . to _' [
a:ap edge‘plate‘;ir' ‘;:; I A . . . . ) Vo o , ‘i.
’ . CoTEe s . i : . a . ‘ . . "‘,'- a '. ;
A " * L W - = . -
.
. . .. u= . ) _' ) - :.
A ; . " - - A
. ) o &' , - T \.. )
. F - . . i - w
1y ) \l\ - H S
P v . N .- 5
u{ - , . ,, . . . 1 . . ) . ) . . . 131:}3
"c..y- .f_:,. 3 -
b Y a L & - ' . . . ) ! i . . .
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. TABLE 3 .

g T

[

Tolerance

e P

a .

38

" Temg

ratures

 Temperature Dcpendent Rhteql?ﬁ.advaﬁée_anﬁ Temperature

Cpeer e

. . . ) 'a""‘ . :‘?‘ .
RN e
¢t |

+ K NB-l ’ ‘. '.
“..DC-4 - (NA).

R

ffv_

(NM)'*# |

T My

23 34 -3¢ 37

‘044 056 .. 60

LR

80 31 - 65

! v o '-. . o '._A S
. 100- 7135 70 - o

- 168 48 . F36
o LT
168 48 - . 36 .

B

 FT<52(NNA) - 100, - 60 . . . 96 -

1000 60 . 96

" 40.

48
T
96 -

96

- sq.

_60.-_51,' -
96

120

_~39- 40 -

48
60 .

168

' 60

60 .

72

T

{

s
LI
-
o g
v H
Eod

]
o
=

)

:‘iﬁavetagejamaunt,of timew(hdu}s),required'to,¢lear &h'édgé.ﬁlét
** DC~4 and FT-52 were tested on NNA and-NM edge and stripe plates

TN

1
—
- o
H .
—— -
a4 .

]
-
n.

§
A:‘
=
R
u

.65
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H[F. Generation Time

‘The generatxon time, or doubling rate, wae determlned
lf.uSLng 11qu1d culture .rather than the agar plates used in. allT
"~ other aspects of thls research progect.. Using 11qu1d medlum
: faCllltateS ‘sampling at the piedetermined time 1ntervals, "l:“.
'lxmxts the accummulatlonloé metabollc wastes that mlght slow -
amoebae growth as well ‘as other dlfficultxes 1nherent 1n -
.iusxng agar plates.' The generatxon tlme for NB-l had pre— ', ‘ e
) vxouely.been dete;mzned usxng 32 c es‘the ;ncubatlon-temperl C
ature; eonseauentiy the same-uempereture was ueed fe;'ene~

of the xncubatxon temperatures (Lastov1ca & Dlngle, 197li

. - ’

The 3? 5 % xncubatxon temperature was used to determlne any '

ildlfferences in growth rate at hlgher teﬁéeratures

| mLE 4.

Summary ‘of Generation Txme at 32°C and’ 37 5 C I
7(®) " pe-1 pc-4 0 CT-8 ';" FT-52 '.NB-1 - )
:_32.0'L‘ﬁj127‘ﬁrﬂ 2.4 hr L65hr LShr LB R -

37,5 'Ef=z.4 hr™ 1.6 ht - 1.75 hr  1.5.hr . **

. * See pages 63 and 65 (Table 5.& Figure 1) for. detalls I
*x NB-l_tested at 329%C only : N S

/".

Strains PT-SZ'S generatlon tlme was unaffected bg

aQ

1ﬂthe differences 1n tempezature and was extremely rapxd at
"‘at Eoth temperatures. The same appears to be relatively :

”true for Strain CT-B. Both strains. ‘in their natural env;r— T e

onment would ‘be subjected bo varyxng and elevated

. e
s




turc b4 had a generatlon txm&.of 1.6 hours at 37. 5 °c,

-only surpassed b; Fr- 52. ThlS is consxstent hlth Table 2 and

61

_tcnpcratures over falrly ‘short perlods of tume.'

/
Under 1liquid culgyrc condltlonﬁ Dc-l had a relatlvely-

3

-long gene‘atlon time at 37 5 C and a much shortcr one at 32 .

This was consxstent thh.Table 2 and 3 as’ well as later find-
Lngs. It would apoear that DC-1 arows well up to, but not

exceedlng, 37 C.' This heat SenSltlve quallty could quxte .

: concalvably be the determlnlng factor 1n its. non- pathocen1c1ty..

Straln DC*4, although Lsolated from the same source , showed

a mérked décrcase‘ln generatmon txme thh uncreased temoeraf;

- s

3 uhcre 1t has notcd\ghat the ratc of growth lncreased drg

“atxcally ‘at, or slmghtl; b-yond nornal body terverature.'-J

\ _ﬁ___._%_____'__ e T

Th;g_ls to be\cxpgcped-xn a.pathpgenlc organ;sm.

N

. R
L




TABLE 5

. - . .t : : ’ o . . '
Genération Times 25;329 and 37.5°¢ - "

Amoabae were grown to statxonary phase on agar zJla.rg,,

washed. Ln HOPS buffer, cell densxtles establlshed usxng thn

-

Coulter counter, and 0.1 ‘ml. of the amoeba—ﬁuffcr susoen51oq

added to 20 ml. MOPS bacterla liquid culture (pre-warmod to

*

*f "1 the desired temperatures) T"O shown on the table is the cnll
:;”f den51ty lntroduced into the llquld cultures.' The flasks here“"
-stoppered tlghtly and lncubaued at 32° brt37 5 Sc. Samples wers
Eaken from the 37 5 C lnﬂubatlng samples at hourly lntE“V3¢S ani
abmhﬁ_ufrom_fye 32 0 C cultures at 2 hour lntervals. Cell dén51t1ﬁs;

were deterﬁlred and plotted on sémi logarthnic g ph pawer aa-

T L cFllH/ml. of suspen51on versus t1me (see Fxg ). _f -;. °

. The generatlon time for NB—l Had prev19usly beew_.
determxﬁed (Lastov1ca & Dlngle, 1971). consequently the Saﬂn
. temperature has used durlng th1s eXDerxnent. The hlgher 37 5,:

was used to deternlne any dxfferemces in growth rate- at Hzrh

o tempe:atures. 

P A P D A G LY L S SIS G st b W it s rmah o = T T L - .



ST o |
THRULL'S - J
- . . 1 -
‘ B G '\i o , ,'r"-‘, - -)0 st o . -
- - ,,cquntion Firmes at 327°C and 3?.5_C

Cells/ml of suspension | -

DC-4 -

CFT=52

Y
N

1
4

,;A0n19V329Urbd

E LN
v

for ND-1 goncration tio

L}

- cT-8
i 0 i:éﬁ X 10" L Lsix 100 | 2ls x 10° | 217 x 10f 3.5 x 10° |
o 32 | ars® 1 32% 3750 F o m® 137050 L 2% ] 37as® 329 »
% T PRECTARS Ea,s x1q?'£f  " 6.6 ;&6“ 5.75x10" i
.% 3 1125108 %9;bt§1q" 'éz.jsxxb“ | afSlegQ_'gx.oleos' 1;02§1G? 9.6 x10% 18.75x10° | 7:5 x10"
(I éa;s'Qio“' SRR 1l35x105-%_: 1.48x10° S 16108
! | B | . SRR
f 4 i?;bxloﬁ' §i,$'5105 ’58.9'310“ .iv;o x10™ 5:.6'x105 _2.5;105'}2;16;105 ‘;;.1§x165 1.5._:&10‘5 =
i- 5 ' il.a x105~ ?_,' -?1.§3x10§ %  &.15x10§ ' _.}3.55x105 ‘
. 6 é.p_iroﬁ | 2.45x305 ;1;5 x105;:§2}2xx}05 1 6L58xL65-! 6.06%105 5.9 x10° 5.07x10% | 3.3 x10°
s -#xl‘ilds. '12.:'x105 é;.?ﬁxlob_é 1.0 x10§ 197 xjﬂsj J.a_xio§ l@ﬁ.oexioé 4., 75x105
12 3.4 x105 P1.25x10% 1. 25%10° EERERL 2105 | 4.6 x106 [6.8 %105 4.0 x106 -] 2.06x10°
B 12sxi0T B 0% 402
V;;:" - j _ R o . R . i o '
: 1.7 he' 2.4 hr' 7.4 hr 1.6 hr .5 hre 1.5 hr | 1.65 hr ;1.75 hr'{ 1.8 hr o
L, ' - . . - : ) 1 ; . .



FIGURE 1

'Hinimum Generation Time'

The slopes shown in Fzgure 1 are those that ga'n
- thejshoftest generatlon.tlme. All strains, cxcept DC- 4 had °
'.the fastest doubllng rate at 32 C._ The points shown on thc
’graph are derlved from Table- S, ‘the. results of one experx_cr:,“
To. ascertaln the generatlon time, portlons of the slooes were
selected in whlch the growth had doubled {e. g., 2 0 x 10 —téﬁ'

- 4.0 x.105 cells/ml ) and the tlme requlred for these doubllﬂ"s

L.

”-.was resolved by readlng off the lelSlonS on the abscxssa under

-

-the slopes.
Strain DC~1 failed to produce a llnear groath raee a*
.t=2 hrS—end t=4 hrs. Thls nay have béﬁﬁgdue to clunolng ol.

,bacterza 1n the 11qu1d culture whlch would glve a g'eath cel

den51ty than was ecfually p*esert.

-u

It may also'be noted that (wlth tne exceptlon of. DC 1)

-éeheratlon tlmes were not calculated from incubatlon.perzods‘
beyond =7 hcurs.,-The'cell densities.at-thl2 hours for these
R 1 .

_ four sanoles falls.to correspond to thc 1.near relatxons
“establlshed during the 1n1t1a1 sever Hour perxod.' ThlS‘ma" Le

‘due to the amoebae reachxng statlonary phase or to the dcol tion
of. the bacterlal ood source ahlch would lead to reduced

3

mltDth act1v1ty
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G. Transformation Kinctics and ﬁa&{ Shock

66

The ratc at which a oarticular'strain‘of V&rﬂlcria

trans;orms from ‘the aroeboxd to the flagellate phase 1s rew.f

studlcor

- TO

*oducxblc and an innate chx*actcrlstlc of the organlsm being

'

a lxrztcd OALont, i€ is ‘afso indicative of - the

rctabolxc ratc of

the straln.

‘ B} heat . shdcklnc thc cells

/

s

.wlth sub=- lethal tenoeratures durlnc the 1ncubat10n pnrlod

. the mctabollc procevses can’ be dxsructed 1ead1ng to over-

'oroauct1on of flaccllar co“aonents and a state of

(1 o., rultl

amount_of timu

L

‘lagclla).

‘halrlnessf
The TSO of a-given strain is the

}equired for ﬁpﬁiof the'p6pu1a£ion to become -

flagellated. .
“ . o~ - /
}* T}\BLE G e
‘Sﬁxmary af ranq‘or"at\o ¥ q tics and No 1t Shgckr
D¢“1 : - DC'_":_ g CT- 8 P .-52 NB-1
.- A — — 3
Tsﬂ{min.)j 73.0 70 0 }" - 61.0. 58.5 69.5
Menn £/FA* 2.2 S2.0 0 2.2 2.0 . 2.3
(25%¢). ) o | , oo _
S Mean £/Fes 3.2 0 2.3, 3.9 2.2 4.2
o (387¢y - - L . :
. I >
S tEew Taklg‘J and "C"ro 2 for pore ch“xl o :

**Mean nuther of

forratlon condxt o

flacLlld/’laccllbte at 25°%¢ (norral trans-

ns) and at 38~

C (hoat shock trcatment)

-,

a T50 nuch lovc' tran thc other 1solatcs %&hxs would squest

Fi

.

1 .

-

It may

.

—_—,

‘be notcd 1n Table 6 that FT 52 and CT—B haﬁe

fl

a-

<A

a faster net:aolxr rhtL wihs 1n operatlon wlthlh thcse tvo

W




67 .

straxns for flacellar cowsoﬂents (i.ec., flaE‘ila, rhlzo—

plast and assocxated struc.ures of. the flagellar apparatus)
!

arise ¢ move during the 1n1t1a1.lnqubatlon;perxod.‘“hs

- scen in Table 4, the gencration timeés for ﬁhg§e Strqins are
paftitbla:ly”fast qdding»fdrther-support to a faster meta-

“bolicfrateJ

Of partlcular 1ntcr05_ was: the change in the numbcr
,of flaqclla\?cr cell thh -an elevaLed tcmograture treatmnnt

(Table 7). Stralns DC—4 -and FT =52, both pathogenlc in vary— 

'1": deqrccs, me*e little affccted bv lncreaQ1ng the, tomcerdt

Y ‘ ] - o - B .
during the fnitial 40'minutc incubatlon‘pcriod. 'This wquld'
‘ S ¥ .

\,
bea: ex\ectcd in an orvgnacr tan&blo of crowwng at;, or.well

-

’
B abéﬁc,_norhal‘bodv tor“cruturu as the pathogenlc stralqr -v -
must, Elcri éreased tcrceratu'e, althouah of‘rclativclv
shért'd‘ éifon, uavfsufflcxcnt to dlter tbc ne;abollc pro;"
ceq%cslo tﬁc‘nOW oathogenlc str;Lns as was domonstratcd bj
‘the 1ncre¢sgél‘130nllun nunber. 'j'ﬂl RER '-"'-.-_-f_xf _ﬂ-_' HN

A R
DC-1 waq not qA£CLtec to the aﬁé degree as MB- 1_9r e

-
-

: CT—B.' Its oohlwa‘ erdwth'téﬁpé*étgro' 37 C- aﬁd a sr ft Og:”

‘.oﬁly one doorce is very sllcht, )ct deflnlte dlquﬂtlon Bf
! . S [ ' T . "_'.._ -

the flacnllu" b;rthcﬁlq had occurrcd o B IR

Mu1t1 flaaclla ray bc a. tralt of a partlcular straln
, "

!

'Zf_fjhut nnde- norﬂal transformatlon temperatures none o‘ these,

isolatcs eyh1b1ted fhlr churacterlstlc.‘ Only sub lethal

-~ 1

'tcmperaturqs-incucec‘a.mcan number‘cf f;agella_pgr gell_

_ h . . - S - .
sgbstaqtially;g;eate:_thaﬂ the two normally found. . Lo .

-




< o CCFIGURE 2 o

) Transformatidﬁ Curve-of Amocbae-to-?lhgellates :

This f;gure shows the transforraxlon of the 5
lﬁaeglbﬂza stralns under norral transfornatlon condltion

(i;e{,‘Z c, TrlS buffer, io0 osc111at10ns-oor mlnute). e

a L

Amoebae were, 1ncubated overnlght on agar platcs, quhcd

and suspcnded in Tris buffer. The buffer and centrlfuae

 tubes were kept in an 1ce bucket durlnc th;s preparatlon

perlod to- prevent thc onset of transforratloﬁ.  Zero-;i;e ‘

was de51cnatnd 'as the tlme‘at whlch,anubatxonhat 2502

Lcommenced.

- .
: ¥

9amn1es of the squenflons were rerovcd at pri

*

—detc-hlrec 1rte*vglq, f;yed ;n Lu~01 'S 1od*n0 and’ examxv- -

ﬂlCIOSCODlCully for gbe pVOSﬁnce or: abaeﬁce of Flacﬂllh.

It mﬂv be notcd that all strgjﬁs, exccot for DPJ '

-

£
'

‘attalred a 907 percent ‘laccllatlon 5tace be‘ore the'120_

mlﬁute DOlnt waq rcached. 'DC-l, hO"cv_*, no*nn“" ranced
in the B0 - 90 ne*ccnh flarellato range aﬁd rnrpl exconde

.

fthis rancea l#JothQ. of De- l s chariet«ertxcq was thn ﬂ:@fgf'*
.'“lthln th -éia? llax é latxon of la*cg rhﬂhcrs-cf amoebe i
,qhapﬂ posse551ng two or ﬁore flagella. althpuéﬁ fhéiof*erﬁ
many awonb01d flacn]lates, t 'majorxty cid dibplay the éypicn 
flagellate fusiform shapc;; o : |

- [. -



I
E "PIGURE 2
Transformation Curve of fmochae-to-Flagellate
‘I‘ - - -
T
\“ - ) .
see d .
N
L
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Tirme after suspension (minutes) .
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.nll ampleq wore Lzaod in Lucol 8 iodlne. :

/ ... .. " TABLE.7

- K - ' lEfequency,of'Flaqclla Distributboh

<

' Tdbic-?'shows £he number of flagella per flavellate‘when'thé_ﬁaeélerid strains

_'_werc 1ncubated at- the normal transformation tennerature gZBOC) and when the cells were

. . _ L ; A

'?1ncubated at sub lothal Lemperaturos (38 C) For the_ZJ,C frequency of distribition

-

rcad;ngs, the_amopbnc were suspcndch as for normal transférmation kinetic studies ‘and samples’

R

'-warb-takcn at t = 2_Joura. 'Fcf-thb hﬂnt45hock treatwont, the célls'wcre suspended- in

. tho runular manner blt - incuhatod LnltiaII} for 30 Pinutes at 38 ¢, ﬁhonftransferrcd to the

Y

2) C water bath awd allocvd to incubatc for a further 2 hours bcfore samples were rcmoved

]
<

[

Each.frcqgcnc dlstributxon roprvsontq 100 indlviduals._ S Y ' N
h . h { S . - oA |
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.5 6

Lo=3
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1, Cyst Storage and Viabiligy™ - - o SR _ ..

v thn stoncd'on WHA and,RM agar plates ét foom

*e"oeraturLs and .in qealpd conta;ners the cysts of all stralqs
‘rctaxncd their v 1b111rv after 19 wecks storace. - Excvstmento S
-, o . P ) =

LRI

L . . . . . . -. ‘"7( . t
. occurred w;th;n'24 hqurs of-culturlng,onto fresn edce'pLates.

Stg ain ET- 52 élfhoﬁgh‘ i1t *etalned its v1ab111£y'on NNA nlates,

? Z . u 2

'failqd Lo e cvvt a‘tcr only 14 weeks storage on MM ulaxes.

.- - ,_-‘..‘ . o o EN
FT-52 cysts wore spa rse on all Dlates S ' ' o T
) . . . ! . . . . = ’ # T ‘t"::"

cslgstancoe of“'rnba and Crsts to Desiccation

"l

b

"y

t

-

19

4

-

The y0351blg dbi}ftyhof oebae and cwstt‘to erv wa 1,

T

solutions of Ligui-lox soapland-élpohol vas of creat 1mport-'

’U

ancd when hanﬁling'the-strains ancé p rc““ﬂ ing possiblel ' '.;a.

.Luation'of.lahoratory cquipment ahd/tese@rch material. . = . .
- . . . - - (- ,'.'. R L .
8arcebac and ’v*s were tested in 70% othanol as well as ‘ -

of Ligui=Nox. .« .

v
b]
[
2
=
L
o
o
[
f.
v
o]
s |
W

Fd

- The addition. of ¢ither of the soan solutions or the
\ Rt - ) K . o

okl ter the anncbae 3 uaﬁs‘crq,rcsultﬁd ‘n immediate ‘
. R o ' St ¥ Ny —

- 7 ’
the O'PdﬂIQﬂ , . - . St

9\5

A ) - o E . ;

The évq:u*rotainc& their. viability-and werc not desic-

Crated By the uo-n'qo1u¥1@na_or dr ‘i.g -periods . after the seép
' Yt g th
drmersicn: The 701 alcohol._hcmever apPp er to - damage. the
. T . ! . b4
C“?t'wiils (i e., thry anmoarcd athcr wuc01d) and the” cgs's
.allcd Lta CAL"St after pldtlnc onto’ esh agar»olatcs. f S

*
o ~

bl 1
Thﬁ r*splts of‘thxs ezvcrlwent emnhasxze the durability

[




o

i

? | L e

-ance to- de5lccat10n of the dﬂOCqOLd form.

of the cyst-under adyé:su condxtlonq ard - the 1ack ‘of resist-~
e

v I‘ . : ' -

) As deacrlucd undcr Sterlllzatlon in Methods and

Matefials; to;prcﬂgnt possible contamlnatioh of research aninal
'rateria1=fall sﬁraical"tabléé; tools, c;ﬁ.‘wg;e_ﬁp;ﬁrcd_with
L;vL*rIQt follonpﬁ by 707‘ethanol ;oCystsfére-nbtffdund iﬁ" B
aéxnal t13 e anL as - dﬁvonqtrate durlng tnls partlcular arca -
o: tbd resedrch pro;cct, the auoebae are hlghly susceptlble'

.%o des:ccat;or uy‘ro énd alcohol. nll'ﬁlseased anﬁmalél

o T :

.éciri,disges_cohﬁéining'diSCasgﬁﬂtissue.Or'useﬂ:{Qr_culturlng-

~ L3

purposes, -and surgical dloves were incinerated to_destfoy the

5. o8 . . - - .
C.. SLS ) . i . .. - ' e ‘{ - --. - \.- .'(' B

-

" « ‘ B - o
J. %rhru*pfn £,'¢ni—, c 1J becr\wt1nn o :
: 4# )

-. . . <
T R . R

~

,Qualitaxi&é mic anCODlC obsnrvgtlons of the 1rolatea'

. . ) ‘
[ . .

- . . /.' ¢ -
buscasted a difference in size _CtMD n, thn varlouc stra%qv.-
. . “ - .. I ‘fé . ' SO “ d o
‘Dirbct measurenents us:ng an- ocular microme ter ﬁe‘c~wa_e to_.

-‘; . . : 4

o

dotermine i€ 1ctua1 auantlt tlwe dxffe*or 'in:ﬁinensio;s

e .

procevch, and ,the b“apc and nunbe" of var;oﬁd ornenn?leﬁ.

.“ . 1

- {e.g., nuclo lbb. bOntfe;tilc vaCQQIQSf ool )'h;;:Ln-pne_ e

b - .

trOphoroJre ﬁ orotonlaqﬂ

. - :"'f'_..-‘
All st*aln” mqrﬂ tranf rred tQ.‘ IS w1th l}ye Anrg

’ - " - ‘., PR - - .
TN ‘ ' The b i bservat) s and measurorents wWaIns
Sy b:fo:q“thq taignbmlc Ouﬁe-JﬁJanb.mﬂd.L,ifU oIy W
) . ’ . L v ’ y . t = 3
-~ : . B . N .
[ - ¢ ’ —i—: e . ) .
’ * il v T T— R -
. - ‘jf / . - o
[ B e H Lf] 1 . .
- SR ; B

Wire. prosoent in.thb amoeboia; ~} g.ll:terdnd{cyst,fcrns.r.Obf‘°
\ _,.-.-,._-- ,._;‘A,' - \“:.\. ."., ) . ‘
servations were aluoq.hdf,eonccrninc' {st ha Tucture and
'"“‘"“}ﬂfl}unli tn—:*erl.:;€*“‘f.“ d‘ locc"oLAOﬂ- mlto‘lf Lot




. =
- made. This conmon culture was uqed to ensure that any de—
»vlatlons Lound ampng the stralns could not ‘be - attrlbuted to

I :
-partlcular medlum but rathcr were- defxnlte dlfferences.

_non—nutrxont aogr oreclude comnbnents within the medium'afr

Eecting the métabrl‘c nroc;sscs dnd/or groﬁth ongt<fns of

©

the selected strains and alloned comoarlsOns rclatlvely Free oo

\

-from extrancous factors.--hxenic mediazwould havc;been the

- most suitable. but finding tHe optimal axenic culture for each.
straln-ls a tmme consumlng‘and ?GIY demandxng undertaking;. -

nc not  sui tﬁg to- snch a short~tcrm or03ect. o ”1 \\

' Y i
. i

The mcashrereﬁts glven in Table 8 are to be used for

corparative pu'p ses owlv as Mmoasurenents would differ"lf the
medive, ;P”uhotlnr tnmaeraturﬁ or Suﬁﬁllnf time wcfe altered.
: o ; ‘ .

{a) Size- The amoebeae ranqod frem lOum - 34LW wben

in locomotion (Figure. 3). The lencth n*c@d h raulo U‘Vec-?n

o)
[
‘4
o
[
[id]
]
o
ir
-
0

n of. the bvcavall'bod?.size when cemparcd‘wrthz

the hWean length., Strain CT-8 was -found to be con51gc Lbly

o 5 . I )
“larger thin the other strains nct only during the act ual

-

ﬂuaptithiivp Frasurer ents put’during more guaalitative measure=

J}

ranta at.diffprent . terperatures and-on different rodial  The
' . . B s 3 R . . . -
ambebic, flagellate” and Cyst formsfwerc all ldrger taan ouhcr~
. . -.’-‘ . - L. ‘ M . . . a ’
strains."52rain5FT952 whsﬁConsiv‘enk‘v sraller. than the ot“er

5tra1ns w%xle GC 1, 4 aud NB- uere rclatlvely sxnllar in’
. .. : . .
‘size., .
) !
' * 1
. - X : -
— g _ .
- . J“ ‘.‘ . '




, . }
i e e . TABLE 8
Measurement of Nnrcoleria Strains

or 2

[#3]

Each paramcter was moasured f individuals except for the amoebae ‘lengths,
. r I L . . . e _' : . ) : ) - v . .
cvst diamctiers, flagellate body len ~and Tlagella/cell which are the measurements for
100 "individuals. .

s vhaze” contrast optics with a Nikon Filar Micro- =

a1l me
ror calibrated saainst a stage micromiter with divisions &f 0.1 and 0.0l mm. . A.Phaco

rasurenents were made und

i
K

obdective {x407) lons was used for all measurements. except nuclear diameters (x1Q00, -
with oll immarsien).
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o ﬁuasurvmﬂg\s of Saesleria Strains 7

CT-8.

bl . - N .
no-1 . 'hC-4

FT-52

 NB-1

1"’ " 1t"\ ac: 'ﬁ .
Tone s Ln locc‘otlox

\"'\ "

"ﬂogv lﬂﬂqtn breadth ratio

i

fao! car- dlaho‘er, rance.
. » "% .
CCoutractile vacuolas/eoll

Cyat diameter; range

*Moan

‘”ualwnr-dxnrcter. renge

: “611---' ! -
.‘ 1(3"" ]_'l'\‘(_-\e,
: Bz 1rﬁ4bh.'rﬂnge'
.1 |r1 : "

‘Bodv.lengthzﬁreadth' v

mlacalla length;
Mean . ' '

CElagelln/cellrr

ranqge

kx Ceo

— °

S fanae

Table 6 - . -
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o
t
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SRR

12.5-19.0 » 14.5-21:6
15.9 17.5, ©o2ls
1 8:1

11
~19.0. 12.0-19.5
.5 _”__,15 0 -
o .

Co2.2

33,0 19.0-34.0
s 264 t

0 3.6-6.2

14.5-29.5

711.5-26.0

15.7 -

12.0-17.5

1476

1 2.0:1

- 10.5-17.5. - .
L7149

2.0 -

11.0-26.5

18.4

20701

L 11.5-21.0

217,10

2.1:1-

11.0-19.5

15.0
2.3
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_siralns under studv _;_ , _
{‘7 . ' _-Amoonde here'lncubated pnwarouth plates for app&oxlmately 18 hours, removed
dxroctlyvfrOTﬁthﬂ nlnth and’ suspcnucd in a hBDang drop preparatlon with Page K= amoeba .

aﬂhc*cc to the class sllde and resumnd normal movements, ﬁhé

I : ]
[, saline!> After the nmoehac;had
in locomotlon was mvasured u51Ag (x400) phasg contrast OpthS

-

=lenvths of 100 1nd1vidn31g
. ﬂ 3and;a Nikon :110r ﬂ'tr01w£vrf .-'_-f- ' - - ﬂ e ‘ ._:" -
L ‘ T It is 1ppnrvnt 1n quare 3 that tho CT 8 pbpulatlon 1105 in the uppen range
Eo bf‘di wnsions measuzvd ft:ann FT-52- was Sllqhtl} rmnller than DC 1 ﬂc 4 and NB- l. oM
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‘:DCQI} DC-J‘qndeB-lf as- mell as the-other two just c1tea,

‘toﬁlj.dym (CT-8). ﬂlthouah';he Fean ﬁwarbters of strains

e

L, 79

The flagellutes ranged from a mean length of 14.6¢m

(FT—SZ) to 21 Sﬂm (CT 8. As ln the amocb01d form the flagel—

~ £

:lé cs of NB-1, DC-1 and DC 4 were relat1Vely sxmllar 1n lencth

o

The - mean flagellur 1cnrth 1n all stralns was within the rance

12. 2Lm (DC 1) and 15, Szn.(DC 4) . The flagellum length of

-

CTQBﬁwasxconsidcrably shorter thdn the ' flagellate body len—Q:

e

gth (i.e., IS;m'versus 21.5;m respectlvcly) and only in straln‘

LI

FT-52 did the flagella 1én§;h exceed. the body lencth

 The'cysts'ranged ﬁfdh a meah dlameter of 8 gum (PT 52)

E

appearud to bé_diﬁéimilar;,thu glaBthz_mcasu:¢wents fellj

o _ L R B e _
over a ery larcwﬁrguce and crst size could not be used as -
& strlct aguide. to. H£%/§n 1cnn Liicatl ow o xll stralns heﬂ BOMe

i

Ty Lcrcofcvrtq and tnosc were occa 51onall" binucléate;

Sy . -

< © It may be noted th&t'the-amocboid form'was larcer in
2 : ) g o .

w‘. . . . B * B i ) . '. 3 " L -
gencral size than the other forms and that the flagellate

appoars to be larger than the cystic form. Miérosconic_exa—k'

. v * N
'

nminatron of Vi, ot ll“.uuoh.n .shcwjmnny‘contracullr vacU-

¢ - . - 1

'clc ‘Coalese ai and dispersing quite freely s hlln other .

o Oz‘trn;:cllr" move Lo *:ar*;'in,."r.: GI’(.-:S“.u‘ithi:’i thfﬁr cvtoulasm. . In

Sawry
. r

L . !

'*.fcnﬂ al, thc a"oohan apﬁear £ aid. Tbls is not true of thc

o F)

:‘lavellahc for~ w“o*c thc cell awﬁeavs nuuﬁ rore conpact and. .

T

-orcancllcs are’ Sound‘1n.apprcx1n1 1; *“e sare PO”lLlOP “lthin

FCE

. Lo o L X A i C L on '5 T L "'\.l“'F o
A1l £ixed flagellates. The cystlc.formslqgtzaf sven oore .
B ot ] . N w - . .
o P ’ -

4

B
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I -

. condensed and thlS xncludcs the nuclel whlch accordlng to the

.casurcmcnts lvcn Ln Table 8 have a smallcr dlaneter

R i
.-than that found in the amoeblc form

iy

v . - Lo ' ’

(bi”LocéﬁbtionF Strains CT- 8 FT- 52 and NB-1 procecded
Dr‘narlly hlth mcnouodlal exter51ons, whcrcas DC*l and DC 4.5*”'
L -. ’ ' }.' ‘
often ﬁroduccg multloodlal Ptructures.‘ St*ains DC 4, CT 8

angd ”B l roved 1n a rclatlvel; smooth manner-. whlle DC l and

FT-JZ were often sinuous hhlld 1n mctlon. Dunlng 1ncreased

e

‘;ctlv:ty; all tralns produeed V1olent hyallne eruotiona but

" f .

. thiq.wés morc restralned or absent,_at low temperaturhs or

under lOn'dCtlUlt} COﬂqltloqs {e! g., onset of karyollne51s)
¢ 4 . - . PR
T Flaccllatcs of 11 strarns moved wlth vxolent thrash— 

ing of the ‘1agellu and no straln dlffcrcnces An locorotLOn °

4 caml .l

(ey 2 '"l-pf‘aiﬂ nucioblus - The nuclcar diarster in

*othe cystid form of all stralns was s“allbr fhdn tbat found
BRIC L0rmoCs . i

oy

¢ : : : R . ‘ _
P . S Loy a4, . ) .
1n'thc;c¢rrcspondxng aﬁo*hogu—form. Tn the - arocbac,;the moan .
nucle car czarrt(r r nged from 4 (DC 4) tp‘%.?;mt(GT—B)?ﬁfhe,
M . . ) . s . . g coe

"yﬁtfﬁucicdf_dinﬁotcr'ranch-;rom_3.7“m (FT=-52) ¥o 4.7um

. (cT- 8),-'W§ezhér;;hbse are}sx 'Llcant lfpxcnccs’k?f the .
' nuclcus.a¢€uali"';c 0'¢onﬁnn5cd in‘t e oyt or notf‘s net -
) R ] ' o . " N O

-éléar._ Cﬁudie" on “ore than 25 lﬂdlvlduals uould bgvu'Lo de

S~ . L

IUnderLarﬂn to drrlve at meanlngful stat:etlcal dlfferences,

LIS

L ERRES: any. . The nuclear dxametc* would bc nxtre+clv deoendent

LR . “ "'."’- . ; ) . ot .‘ S
on the mitgti¢'5 Ak oy of thc partlcular xﬂdlxlbudl stng L

' e - . _ R
- g e e , R T A
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£y

8l

I o ; o4

measured. | ° o f SR . o T
' T ’ : L . 3 . -

The'nuclear aiamﬂte* ﬁppcaiéd to bear lLttle re-

latlonqhxp to the mean amoeba length p0551b1y because the

-2
amocba tends, to shorten and round ~up, and the nucleus enlaraes
as the gnoohn cnters mltOSlS; thereLorc, altha«gh the amoebn -

avoa and nuclenr dlamoter 1ncreased the 1ength would tcnd to

decreasem‘ It was obsorvcd in Lurller mlCIOSCOplC work that
oo - .

atfﬁcmpcratures-above the Oﬁtlmal tCmp@rature'for a'partidu-

»

1ar-étrain; the. nuclel and amoecbae were often enlarged possxblv

~ . ' -
n

becauSc of,an 1nab111t" to comolete Varvo?1n031s. In additiond

occas;ondll" more than onc nucleus was aﬁen xn-en&anaed.ﬂ. %

0
]

Tocbae at thecc 1ncrcascd temveratures sucgestlnc an Lnablllty‘

L]

hd

to-cor;l:té cyto 'ncsma. In: anz cvoqt, the. nucloa* dia rrtﬁf“
% T B b

~ .

Cig ocpondcnt to a larce eytent Jon the lncubat;on tenaerature-'

. ovoid, ahd.tcr”ed to be -centrally located. ﬁlhhwn the nu cleus.

_ : : R
and the staga 0f1d1M1qxon o- ;he anocba-.

o Ny

e
- - K,
' ]

’ o T ' ’ R N ' . o A, . .
: The ndcloolus-was'usudlly-roundcd, hut occa51ona11y.

e : . o S AR . -
Rrxcept during active mitosis and e t*cre lobo otor aCthlty!_
. - 11.;.'.. o « . ..- . ‘ |.' . '. . - ) . . -
‘therd appearced to he little tariation in . shape.
L R ‘ o -‘ - i . o Lt . D e -
A1Y stroins underwcnt lntranucleaf.karvoklnCSLSHQr '
o ‘.-_5 ' . . .

;f e (d) Cont'actlle vucuoles, foad vacuol - ?rom'one

‘sxo:iiosis'. The nuel ar en e lOuL rC"'l““d intact th rough=*®
- - - i N . oo . -
out . thL d1v1510q proccss and the‘nucleolus:didxnot disappear.

‘('}

to four contractzln vhcuolcs aere seen in the 25 1nd1v1dua‘s

of each (A raxh;dur;ng-muxsgjkuﬂv F wGVﬁr, thlq was obscr"e
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o vary constantlv as varlous 51zed vacuoles coale¢ced aqd .
d1spc*se¢ klthln an" partlcular amoeba. nftcr staln;ng, ‘ o

.obhen‘much smaller vacuolcs (p0551b1y food vacuoles) could

e \ A} ) i . . *
‘be segn and.thcse appcared as-rolled‘membranous structdres.

A$ mentioned earlier, DC-4. amocbae growing in brain tissue
ro ’ ‘, Lo B ’ L - ¢ -

contained large vacueles filled with a golden, waxy sub-
stanCe‘that‘moued freely within'thc cytoplaém but'was not !

diso'rscd in the nornal nanncr of a contractlle vacuole and N )
., _ ' i 'lL';

-n“. -

~ may have bccn enlarged food vacuolos contalnlnc llplds or

,jd her brhlﬁ matcthl

Lol
LS . -

(e) Bod~ ?or\(and Sgructures-' Amocbae in all strains

Pl . ' . j R

 %0*0 QIhg 11}c while in rapid locg¢motion but rounded with or . .

A

without multipodialétypeStructurés when inactive.  The uro-
nediun {or uroid process) is found Qn;the,ﬁosporiOr portion -
. ' - . : . . . - . X ! ‘ \ . -
P SR I i noear h .FF nuby
cf an-amce! © in metion and dI)Lhﬁb @s a qug cG=0ff nub .
e ; 'f;', o . -
rallinq-qnc'or'worc finc short fllaments! _Uropodlal struc- -
” v . I -
Y ocﬂa%1o ull” scen on menbers of all selected

.
[
r+

]

*
e

"

2ins durinc 10corotxon. I o . - - T
) . S ‘ ‘

1

Fl: ccllnaa wcrc‘ﬁcrn&lls ‘u=1 férr in shage after: .

the initial round ng uﬁ pe*lou (a Qtacﬂ orgerved just prlor

to, 'and ‘ot Ehe initiation cf;flaccllus oukgrowth). Strain ?Q?¥‘

invariably coniainéd haﬁy membets‘ill% or @regtcr)-that‘ré- .
{aiﬁed the ~ocholc* haoe. ct pOSSa%sed ‘laoella.._This‘pheno-

!
N

. ¥ ~

he puher straxns but nou toithe,same

.

. . ‘-.‘ s

4 of £hé ooJulation Jc‘nd couqﬂcd

s

N \“)
rnnow v"c obscr?cc in

dégf(-r'x ar\g n.:n Q*’ r‘,-C- C’('C(i
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Cysts werc usually spherical but: occa51ona11y ov01d -
& .

the ualls appcared smooth and double. Cysts were'usuallv
unlnucleate but larce c"%ts occasxonally were blnucleate.

From one to four pores wlth plugs can be seen 1n ?lgurcs 4,

. .

‘5, 6 and 7.. MOrc pores ara,probablv?preseht but.with.eleCtroh S

mlcrogranhs it is 1rp0551ble to establlsh the exract number ..

?i_‘:‘UWS E Md 9 (DC-@ the pathogcnzc /strain) 1c.c}r deflnltlve S

aperturos although.lncﬁntatlons are apparent on the cyst in
o . ¥
Figure g '_- - . CL

‘Cfsts of 1} stralns gener allv-aovearcd lﬂLuCt after .

'cxcystmentt'butfrup;ured (?igqre 7) and collapscd_tysts Were
2ls0 present. SRR S N o

"'--.-‘ .
In summary, dlruct rcaauro"cnts confirred the Prcmucf‘

s

ize'of CT-8 and lésser size of ?T—S2'§ut failed to provide
any definite differeoncdes in the ather reasurerents, Strain

.

T-8 was in Tthe top range of ‘sizes when compared with othar

IS

whbfi shed K203 lorin mea u’b'ents (Fulton, 1970; Page, 1967). L
Only stfain'DC—l displdygd any.distinct character- '
: s o o T
istics while in the ’l"rc.- tt-‘O"ﬂ. The‘anoeboid-shapof

. *
éelia:e 08 COﬂ“ﬂl“LOUS-uq has *hc le€s than 90 pcr”rnt )

fluc latxc“ rite invariably obsc%ved in this pa;t;cu;ar' R A
i

1solatc.. . I R e - IR

-~ . . *

’

In thé cystic: form, CT-8 characteristically hbu several

>

T A SR -‘-‘ . ha " . .-'L el
. plugs‘and pores, whereas fewer were noted din the other strains.

 031}:DCf4l1“C qﬂ distinctive pore, structures butVCOQC9LV§b1?_
. N - . L N . s , . .




" the samples when they are remeved from the vatuun., S1l.osoamol .
: s : T - g o
were pre-goated with _a*bon fmll wod by ph lgdzum_wn]ﬂ Ad e e
red usin NMP Mode g ~ Tlec ‘o e
vigwed psing. a PQ(‘I 1000 Scanni ing Electron fivroshens.
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FIGURES 4 ---9 L
Scanning‘Eléctfon Microscope'Studies of EnQSZcria Cysts *

Mlcrographs of dysts of the varlous~.aLach~a stra]vc,‘~

e - . i BRI

were made to detcrmlne the Dresence or absencc of Dorcs anc

plugs in the cyst cell halls. ' EEPUR
‘ quts wcre lncubgtcd for 72 hours to ensure comvlr*o'

ehd?stment, washed and fixed for 30 nlnutes in 0. 2“ Dbosphdt“-

_buffer (pH”?;Z),‘4%‘glutaraldehydaﬂand 20%,glycqrol. ‘S“.slﬂ:
were -then rinsed with 20% gly?e;ol,‘filteféd,and_affixud to

.aluminum conduétinq tape, ranidlv frozan,in isonentanb ¢oo‘o;

lAby lquld nltroccn, transferred ;o lquld nltrogcn and vina]};

! - - -

utrans errcd to. con;a'ners "ostcﬂ AN liqu1' nitro.en. The con-

tainég was ‘then placed-in an Edwagds'Vacuum Ceating Unit and’
purped using a rotaryspump,unlt until the nitrocen had subil:i;.d s

and reached room tcmuerature. ™ This prevents con”ﬂ:#ﬁhwnm e

- L e e -

Q.
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-~Scannihé'Flect:on chravconc Studlcs o; thlac" a.

SRR ;:\
T

-

) ST "‘\a
| e

'FIGURE\S.; Straxﬁ-DC 1 7.f%gj L

5.

A non- patHogenxc 1sola*c earpled fron\tho same

(Maanlflcatlon, 12, OOOx)'C a

L3

R

FIGURE 7: . Str'a;in, m\—sz. \ |

P . \
DI . \,

R prom~ﬂen1 porc Ju

WLth a pOSRlblc plug. The cyst al £0 qnpears to be'ruQEEQPQ
-but thls way bc an artxfact,
-_only to a llﬂlted extent.

 (Magn)f1cat1on,-‘2 500&)

el

-

slte dS thc pathocenlc DC 4 stra-t.‘ Onlj one pqgn is 1;_‘

\ ~ .

o {

‘1n thls nxcrocraph but lt is dlstlnct thh promxﬂcnt ‘nw?!me

4

~
'I'., e
-y . :
‘ ifﬁ\_
3 .
-~ . N
p
. ' ’
. i
. -l :
) N i
/
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. P

=X

St:axn ??fSZIWas patﬁggeﬁi: tifg;,

N
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‘seen in’” thc adjaccnt ﬁicrsﬂf¢17
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FIGURE,B:ffStraiﬁ“DC—d ;‘ LT

RS ' I
L .
.

L

_with only nxnor indentatxons.

:(Magqificatlon, 12,000¥)

LY

- P_mrjas_ 9: --s'tr-é.in»oc;#

re A possible pore  or aperture

' wall of the pathogenic DC-4 strain.

(Magnlflcatxon. 12 OGOx)

D. "
=,
A

Scanning Electron Microscoge Studies of Nacgleriz Cysts.’

. e
TN,
B

'ﬁ\~cyst wall structﬁre.‘ The outcr surface 1s lightly rrdgcd

(note arrow)in the cyst

r( ‘-'i: ,r

oo R No-pore structure can be'dxsccrned ln the Pa»hof’“ .
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T

thémocéa 1onal nenber wlthxn the ponulatlon nay have possessed
oy

crete pores tha}mwcre not observed durlng the scannlng;—ﬁ« ' o

lcctron nlcroscope study It is qUItG apparént, howevcr,f

-

‘at 1£ porcs ﬁre prcsent in DC- 4 cyst wall they are ﬁot in

;the aﬁﬁt aoundance as thak &ound dn thﬂ othcr stralns.

;o

Heasurfﬁﬁ substhntlally more than 25 -NIOQ,indiuidé”‘_
-uais ﬁidht'nrovideldistinct Strain differences and'ﬁurthér.”us'

~

felcctron nxcroscope work would undoubtedly conflrn the pre-

sence or abscnce of cyst ppres 1n the 'DC-4 straln.; however,‘
B N : S
'.tre prxne pursose o; thls stuoy ‘was to 1ocate, 1£ p0551ble,‘ Lo e

4

- a pathoccn;c straln and com pare its, vxrulence to other knoan‘.

"

Cow

a;bogcni Ve ;ciqria. Conscqunntlv, the nuﬁder of cells‘ Sl
: N . " . ot .

fadd orghnellcs neasn*ed were rcstrLthd to thc s;mn«number e

‘w‘

used bv E ge_(196 ) and thcre is pfonably no . SlGWlfLCunt

statisx;cal ta to be Lound in such a snallsamollnc
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Exneriwental Path&loay (DO—4F o .'L[‘ S .
< B . e e .' o S
Test $l: The orlglnal test for pathogenxcxty of the hetero— B

.aeneous DC-4 xsolate. The lnoculatlon tcchnlques are as descrlbed

]. na

.in the scctlon Pathocenlcxty Testlng of Isolates | Ten test

'dﬁanxralr were Used and .an_ xnoculum s;ze of 2. 7 x 10 amoebae/‘

-d animal’ Three out of the téh anzmals succumbed to PAME

‘:-Test 12. DC~4 cell line was’ clcned from braln tlSSUE éf the
:fxrst Eatallty result1ng from Test il Test 42 was Egnducted

"fto ensure that the cloned 11ne retalned the pathogenlc aspects

| of the origlnal 1solate. Two anlmals dled of PAME .Z*ﬁk'

l(Inoculum size = 2 T x 104 and 10 test anlmals) I

Test l3 The inoculum 512e was,lncreased to see Lf a relatlon—f

‘?ship exxsted between size and'the number of fatalltles ‘ Certer"‘

-(1970) found that xnoculum size correspcnded posxtxvely WLth the.

d‘imortalxty rate and inversely thh ‘the length of the dlsease(‘ o o

P
General observatlons were also nade concern;ng_dlsoxlentatlon?

_ of mice ‘and: thexr subsequentlrecovery et

A{Inoculum size - 4. 0 x 104 and 12 test anlmals) _ 7
d= Five of the 12 animals succumbed to PAME wh11e 3 dlsplayed 51gns
 :jof disorientation ‘but recovered Table 10 shows the relatlon-‘d,_--"
N Ship of Lnoculum sx;e versus fatalztles at the varxous lnoculum

.‘sizes testcd. A-posxtxve relatlonshep apnears ylth.a.deflnlce .
.sﬁ-correlation between inoculatlon dosage and the n&mbe;_of-resn;tf-J

h

A
sing fatalities.'_;f’
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Expefiﬁehtpi Paﬁhdlogy Test-Rcsulqs.(DCFdl )

NNR spread plateq (ﬂM plates for Tests 07 and 8} wc*c.f‘l
' ré%ared and 1ncubated ovcrnxght at 37 C.j The. amocbae uere/

_then reroved waqhed and rQSUSpended in stcrllc de 1onxznd L

,7hater at a densxty of 106 amoebge/ml. as establxshed Uqug

Coulter counter._

| All mice were female Swlss/webste' -15 g,”(éxéept in

Tests :4 and 9) : Test anlnals wcrc llghtly anaesthctlzCL ﬁéihg

' anhydroud ether and held thh thn ventral sur‘acc upnerros;._

:'A dlsmsable 1 eic. syrmce and 26 -gauge hypoc‘cmlc necdle were.
¢luved to‘lnhranasélly 1;trod@ce 20 1. 40p1 (dcpend‘nﬁf§F'£y“'
':dﬂsired 1noculumm51zcl xnto tbelr nostrxls. The anxrais'wuﬂ
"be brcgthxng éccrly and evenlj to cnsure ccnvleté I5H611930~i;?

o' -

;o‘ the *nOFuILm..ff'vsﬂ*'“ S
_Five anir als werc 1nocu1ated thh.st ilc de ianized
'-water and a snall Aerghactsr pop ulgthﬁ and used as cent:ols-'

- for each test dato.

L2
o
S

"A. animals w;re then ochrvca fo* thc follo é”uix'ﬁc¢255£.

_for sxgns of dlqorxentatlon ana morb d;:y. Those succﬁhbing;.

A

were checked for PRHL by plating thexr,crani ;zéﬁﬁent%. llver,'j

__hcar;, solqen and lurgs onto ﬂ\h platea thh ‘lvc bac*crla

and anubatxng at 37 C for one to scvcral duys.:-a11‘an1ma1§7j ﬂ

.

;surv1v;nq six wccns and in- gcod hcalth wc' destroyod
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B i TABLE 9
. s

e Expe;iméntdl Patholbgy'Te5£ REsﬁiisi-'l -‘(Dc?h)].n

wTestA_Inoculum Arlnal Rumber.& Day . Fatalities'ﬁbisorienteé*

N0. : Slzc'5 Lnxcht f 'df,“:ﬂchth “ . PAME- - . Animals

- 1‘#;:2.7 x]JOA"IS‘gﬁ‘U* 2 day 6 ;,*"-F;_ _)& BEE

‘ e € 'day 7- .. 2/10°-- . not .obsexrved-
S S A T e e T B
3 40 x10% 15 g7 day 270 . T L1 @ day 7
_day.ZO‘: o .5/12 e
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ey

R

N o'y

' gay N3 ws o caeday 13
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o
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o
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day -2’
day 4
day 9
“day . 13,
~day 1

~

Faes 4. 0 10 _lg,g;f”' '.{i;x,f‘ - ‘31,@ day 2

2 8 day 3

C8eir2 g x20ti1s gl s @day 2

R Lo day 3 - - Lol T
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?lﬁday'3f ag'“_'l(61h5o7‘ not\bbse;ved.

. not observesd
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.’_ hnimals sevcrely dxsorlentea. huncbed :cxrcllng and‘halr
bristling but recovered -
Initial pathogenxcxty test con51st1'g of a m*xed poculatlon
.- of amoebae . .-
ey Amoebae Lnoculun grown on, NM rather than regular hNA olates
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AbonE

'ccrnlng appe:fnt recover} of severely ddsoglented and 111

“. . - ‘r : . V. : " - '. ' A ! -

TQSt “4 T"\C‘. aencral Qbserva!i-_%ons made duleng TGSt #3 COI‘I—';".’"

mlcc, here testcd 1n ar morc quantltatxve manner. Also lncluded

- ', v
4‘1 .

1n thxs test was a cowparlson of age, versu&'péss;ble r051stance. B

(Inoculum sxze =_4 0 x 10 thﬂ 24 test anznals, 20 g each)
N s ' Cow
4}‘__. ualf of the 1noculated.m1cc weve maxntalned An the

usual manncr and any f talltlLS tested for PAME and recorded

' |t‘-d-‘- ’l

Tne remalnxng half werc satr*flced at Day 3, and the braln and'f

bod parts plabed in the usual manner, anubated.and observed

,f.

Lor dGSSlblﬂ amocbxc 1n‘estatlon.. A comoarlson was then madef“'

bctuecn the number Of mxce that succumbed to PAME and the number
S, }
oF sacrxelced mlce that had “051t1ve %mcepa .results. 'These_

-|

E -rcsults werse also later conpared fo: possibtle age resistivity =

s.,‘ "f

'mxth tﬁe resul s of Tests “5 and'#B* -

mable\hl shdws only a 16 6% fatellty rate for the
y

s

20 §. mxce althouch 33% o‘ the sacrlflceg anlﬂals were 1nfcstcd

One pOLnt that was’ noted was the lencth of surv1val tlne o;,
i

the two fatalxt‘es thq; both occurred on Day 13. (See Table 9)i

ppgrdx&matcly 6 dajs a‘tcr ghe onse* of syrptons. This nxgnt‘

?ossihlv ahow a creater r051stance to” thq dlsease,

s »

xest QS:u'Tcst €4 had suggoqtcd that anoeazc -netstutlon “as_"

P

o not necessarily ‘atal in all ca- 3gﬁ To furthcr test for spon—'

@, . '.f‘

taneous reqovery and poss:.b»le ar fesxst;vxty. 20 anlma-ls, 15

gﬂ-each, were lnoculated Ten were watched for smgns oF PXM»

.-

N
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-~ Inoculum Size versus Fatalities

Inoculum Size " Patalities' .- 3 Fatalities
4.0 % ! 010 o o o 0%

Ceo k102 one o T low e
-;‘;0'* foat: ) '_if };, . ui/ibé 7f.'  'e':r ; thelﬁs?t
2.0 x;o“ PR 3/11, 1/6 T Y aase ca
x0T U ame oL Tase s
Caox 10 sz, ;»_\'/.\1}'2,'_. 3/10, s/12 :‘- w68

P : - 1

- K - o

)

T

"iegend ; Table 10 1nc1udes all fatalltles over the entlre/ex-

o a- -

;perimental research period. This 1ncludes Test Gl which con-
L:sisted of a mlxed heterogeneous amoeblc populatlon. Test 54
"uhich useo 1arger anxmals and Test i9 whlch tested younger .

tanimals. These differences do Lnfluence ‘the. data, for example,T
: '

‘if only Tests 03 5 and 7 results (where only unlformly matched

'!

animals were used) were tabulated with an znoculum 51ze of
o

.4.0 x 10‘ the £at511ty rate for thxs partlcular lnoculum s1ze :: v
. y;:.?-;
would average 38 51 rather than the 32 6% shown on Table 10.:, i ﬁ




"»hhllc the remainlng ten were sacrlf&ced at Day 3 and tested‘

v

as/descrlbed in Test LR Resuits were later compared &rth those

of Tcsts 14 and iB o .ji.

(Inoculum sxze = 4 0 x 104 wlth 20 anlmals, 15 g. each)

, Tablc 11 shows tbat the 15 g anlmals had approxl—
ﬁatcly double the nortalrtv *ate of the larger (Vlz., older)
",an1nals, 30% fatalrtﬂes versus 16 6% as well as 100% infest-
atxonfversus 313% 1nfestat10n 3 days after 1noculat10n.: Deaths

ranged fror [ ‘to. Elght days after lnoculatlon,‘a mngh shorter

period tﬁan that seen in’ Test 4 (FaH e 9).

w7

Test i6: Carter (19:0), u51ng H fomlerz 1solated from a PAME

1

vVictim-, found‘that.only 39 amoebae could produce a PAME fatalf.

g0 for this-particular strain ‘

Sd-ls the number of amoebae requzred,

to kill 50% o‘ the Lnoculated nice. An attempt was made to.

. ity in a mouse aed‘tﬁat_theTLD'

was 300 ahoébae. 'TheoLD

establish the minimum dosage and LDSO-for DC—4. vSerral»dxlu—'

t1ons of Test!S Lnoculun were used resultlng 1n 1ntranasal L

3

lnoculaiion sizes of A. 0 X 107 4 0 x- 10« and 40 amoebae/

Jyylfinoculation;ffTen “est anlmals .were, rnoculated per dilutlon.
o7 . .
lﬁ'j,jd ’ - Table 10 shows the deaths resultlng from the dllutlons.:

3-

The 1owest dosage leadxng to.a fatarity was 4 0 x 10 “and an"

A . . 3
! .T_LDSO was not attained SeVeral animals in the 4.0 x 10° group _
beceme severely disoriented durrng tbe study but only one death-
occurred In the 4.0 x 102 1noculum size. anlmals became drs-;,

oriented but none to any extreme degree. The anrmals rece1v1ngl

o o . . :
Lo - L : o Lo



f.'amocbxc 1nfestat10n. As can be secn in Tanlc 11, ,1in all cases

.folLﬁ#ip ran“c .f'ﬂalf f &ach lnoculatcd GrOuD was mQLntalncd

.:al Da 3_ard thclr cran'al contrrts (1nc1uc;ng the ol‘ac or

'.cabﬁardd t ~thg wbev o qacrl 1ccd anlnals th cero qstr.ted

AR i
.l ;/ v -}
B / 98 .
. - Y4 S
) ) ! - - ' "" ) - i s "”..
k& . (\ 3 . .' ) - P "‘
. TABLE 11 - - ‘
. ! . . ) -1 ) K . ‘ p f ) \.
y ‘Sgontancous Recovery Rate versus Animal Weight . ;o
Test # Weight® Inoculur Size | Fatalifies* .  Infestation**. o
. . ' e " .“- .. o . , ] . . ’ ,,.‘.;, - ‘ ‘..".:" o
4 7209, a0 x 20t de.ey . 338 o
'SF_ 15 g. . _4.0_:;"104 i 30§-T c 100% S -
8 1s.g.eer 200 x 20t T 27 0 91 S
5 10 g.eseez.o a0t - M6 loow
. . .o . - L oy . -
'_-f.nnlwals qu0cunb1na to PAME
** " Animals gsacrificed and exnlb ted anoeble lnfcstatlon after
", . ' incubation - - S A
ree Xmoebae inoculunm cro#n on “H redium as coroared to the othcr
o 1nocu1at;ons which were all grown on 1NA .
t*e¢ 711 animals: ,erc"rom the same litter awF*mlxed rales and
- ferales - , o o e e
. i / . . .o . : : %______T

hﬁgegdé' hHimals~in'Tesis %4,_5, 8 and 9 were trcatcd 1n the

ﬁwde. no al co"d&tzo“s ahxle the reﬂalnlng hal‘ were sacr1F1cnd N

B, . -
bulbf}ﬁ hca:t, lurgs and llv r dere xncubatcd on. wwA olates ;-

: ~1th live ELIQJJS::P at 3? Cc. .

Thc nuwar oh nlce ?hat succumbcd ko PAME WG5S tnc

thc ratc o‘ 1n*cstabaon was s;gnlhlcantly hihjér than the >
i . Sy _ ‘ ,
: fatallty ratc. ' o
-ﬂ“&..‘\ . - . .
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_Tcsi'll}-lt has been noteﬂ that pethogenic ?a'fIErio' isolatds . .

‘grow poorly, if at all, on salts contalnlng .m dga artef,'l9707:/:;"

-
0

\Culbertson X al. 1968).e_ M 1s a dllute salt médrﬁm k0'25%3” K

J

sbLt 1t was noted that .DC-4- orlglnally grew very poorly on NM S
plates. After the cell 11ne was successfully estaBllshed on ,j e

,‘.HH‘modium, the pathogenxcxty of the'clone was testedptO;See 1f'
‘%M medium might, have reduced.or enhanoedréts pathobeniéity for
mice,—or itS'Vi:uleﬁce. Results were COWpared w1th Test §3 . >

 (W&A—grown amoebae) and TestiB for dosage versus fatalltxes.J

.1‘

(Inoculatlon size = 4 0 x 10% WLth 12 test anlmals) _:‘}' 5¢L" o
' - 1 . v I

Table 10 shows %hat MM—orowh amoebae proved Just as
b v1ru1ert . as’ VWR—grown DC 4 ‘in Test $3 (i. e.,‘42%)._ Fatal-
‘11ties ranged over a perlod from 2 to 15 days wlth the two o p:,* TN

<fatalitios on Day 13 and 15 dlsplayxng severe PAME symptoms

|

w "

-for over a. week before flnally succumbxng } The anxmais in. =

,, . DLes

@
this Jroup éere especxally prone to head scratchlng and mut%—

 'A.1ated thexr faces, partlcularly in tﬁe eye and reglon dlrectly

"abovc the cranial cav1ty, o g- ;'f,a;f{ f‘ﬁéﬂ“‘ g;; -,"

Z'Test !8‘ The spontaneous zecovery rate of NMrgroﬁn Lndculum

T

was tested as well as’ the,poss;ble corre&atiOn of dosage to f

-
. . B
b . ] N

-

number of fatalitxes. e A 'jﬂru¥ T 5_ L PR

o . - . L . \.

4 2 " o ' ‘
(Inoculation size = 2. 0 x 10 thh 22 test anlmals} ot e 7 fﬂ

: Test t8 correlates with Test i? (see Tables 9 and 10}

. ' o . ’ - ’ . o N . .
P . . - : .. . . o 7 . . -' . -
. EEN ST . } . - """', . . L -




-2:“.& gro'-:n DC 4 T T A ,-"

' & . . X . “ '. .-
ef’ rcqxstﬁncb 15 unrnoan..' A @F-,A Sy .ﬂ

_An‘inoculum of 2;0 xilo led to 271 fatalltles whlle 4 0 b 104

‘Fhetherithc JQ-groun xnoculur had grcater pathOGeﬂlCIty or N

'.cat £9: The poqs1ble creatcr susceptlblllty cf younger'nlce

ot

—_—

. IR - ¢ - - . . 3
4o . . . B
. -

led to 42% fatalltles resgcctlvely

rerarzonshlp botwcer 1noculun stze. and resultlng fataL;tles

m'th ?M-atown anoebac that had already been demonstrated wlth

b4 a
" .
. s
. ’. "_' K S e .

. A . . \ . v

-The M—grown amoebae had a slmllar rate of 1nfest-'

-

'ation as that round in Test sS Wha—grown DC 4 (1 e.. 27%7';f

ﬁfatalxtles and 91% lnfestatlon versus 30% fatalltles and 100%

g
~nfcstat10n rc5pectively) ' However, xn‘Table‘II 1t €an be

'_sceq that ”c t £S5 had doublc thc lnacuIUm sxze ?f Test‘B

Y

a
P

.?héther *hn ﬂn1"als in thc varlous groubs bad dlfferent deérees‘,i

W b “ e

"fhas akeo testcu.. it nas not oossxble to ourcbase 10 gQ ﬂlCe

e -
fa

nut-onc of the experl cqtal anlmals oroduced a. lltter -and thCSe
¢ ;71 S ., o

l“géte‘faiscg\tb‘the.lo c:‘szze.' ”he lltter cons1sted of a mix-’

-

"‘xuba of’ knles aﬁd feﬁales. 'alf of thc anlﬁals werc sacrlfLCGd_ﬂ

“ e ]
o-"

SatiDay 3 Hxlc thé Pﬂral dcr "Lre obser"od for ?H@Pv;atallrxes.

ults werc corparcd thh Teszs §4 S.and 7 ‘ ‘:: . " S N

Q
1

xtlnoculun 51*0 = 2 0 X 10 thh 12 tcst anlnals, 10 g eachj"

~

Using thc 10 g. anlmals,‘the fatalxty rate was 51m11ar.

to that FOphd with thc 20 ‘g. anxraf% (Tcst !4-‘16 6%) but thef.

’)

'J'?xnfestatxon was 100% as comnareﬁ to onlv 33% ;n thc older mlcé

Ag

.(sec Tabke 11).‘ hgaln,-note shaulé be- rade of the dlffercnces

- e

: It 1s con515tent thh the dlrect
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in ‘noculun s;*e betwden thc two tcsts as well as the short

Id

nevxod bctwoen lnoculatxon and death in the smaller anlmal

f(.dblc 91 : fﬁ-‘  f.*Tj e T T Ry
o - As mcntioncd all'the i0 g. animals in this-pafti:
cularlstugx;Qafe ‘ro 'éne_lxttef and-were ‘of ;both SQYCJ- There o
“were, theref fore, ‘three varlablcs in the partlcular group“. SR :
arﬁl,, a voss;blc inherent r051stance to the d:scasc, posélble
d:ffcrcntcs in nale ver;us fcmale resxstmv;ty. and flnally, . e
tEc ‘fcrencc 1n age {vxz,; helght) as conoared to the anlmals
- \ ; . ,
in therothez tcsts._ Because' of these shortcorxngs, it is dif SR
;;-1ﬁult to x;terp'et thy, rcsults for the youhger anxha&s. i -
an;ﬁal-bnscc path&loav.studles hav‘ innate and unknown uariébles'
.ﬁhi%ué'to cach an1 41 bcznc stud*ed 'ﬁt'in &pe_qther-tc5€5;'
f;e$c wa¢ he1d to;a miniﬁum by usxné.thé'gamé-%ex'énd‘gandog¥y L 'z
o‘ccécd nbwbers from dL;ferent lxtters. ': J' " ’;: B |
- yFﬁf - JA ‘
' ' ! R . , "_ " 'ﬁ )
. ‘.'1/‘ - '
| S |
. . . :
Q; . A - .
::. : 1 “ . ~./
_ o . o S
. L;Lﬁ?‘ . < -
. ’ ’ /o




v, nxscussxou\
culbc{esoﬁ ¢t at. (1968) and ‘Butt ot a\; (1953)"
found. that thelr 1solate. ?B l. from a PFME v1ct1m dld not
c;oa. encyst. or transform as readxlv as non pathogﬁnlc‘

f. g_ Jberd strains, Fulton (1970] commcnts on these -Sup-
‘posed - dlfferenceﬁ u51hg NEG, hlS partlculan straln of 355_
?wﬁrcv ' aﬁ -an examolce "After prolonced cultlvatlon in
partxculate frce axenxc‘ncdla, N gru JPPV NEG amebae
‘nxtzgél» do not G[On well whep returned to cultures WLth
bacté§1a..and sometxmés many genetatxoas are requlred before
hhc ancbac clll grow rapldlv, 1f they ever do at all. hhether¥

this change is adaptatlon or selectlon is not known 'it-
imﬁ§'wc11 5c.that the dlfFlcultles cncourtercd mxth PB 1 are
.“tauééé"bﬂ'a.fallurc-of;the qrganxsm to adaptjto a qhange in
'd.ct (i. c.;.froéibféinskisSue to béctcria)‘or'fﬁe iﬁﬁéStiéaforé.
#éj-bé usxqé techn1ques unsultcd for. thelr partloular Sgralﬂ.:
szfxculty was erpcricnceo in StabLILZlnG ?T 52 and pC-4
' _0rowth on hM but a er gro»th hgs establlshed thc awoebae‘A”
.ﬁgrcw cxt*eﬁclv wcll O‘ thc;fl*e at*alns studlcd only FT—SQ

: Eailed to enc;st well on NM plates. -However, in all other

o

respccts the pathogenlc atrains pxoved comoarable, oxr even.

-~

‘auperxor. to the otber non—pathogenlc stralns studleﬁ. All

/‘

"ﬁtraxns QﬂCYStGd well (wzth the exceotlon of FT- 52), gvew_i

- - "'_10!.2
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1
C -

profuseI} under sulrable condltxons, transforned rapldly and
synchronnusly, and cxcystcd rcadlly on spread or edge plates.
Sevcral mznor dlf ercnccs &n rateS*were fou d with

..Né—l, the‘control as compared to the fxndlngs of oters but
'«thosc dxfferenccs were well within thc range of expnrlmenta1
arxab111t}. Vor 1nstancé. the generatlon tlme clven by
?ulton and’ Dxnglc (1967) is 1.7 hours as coroared to 1. B
houra foPnd durxng thls\research the 56 varled 1n51cn1r1—

]

antly fron 69 mlnutes [Dlngle. 1970) to 69 5 nlnutes.f_Thé'

a«cragc nurbe' of flaaella aftcr heat shock was 4.2 rather
than 4 as reported by Dingle (1970) ‘ Thc NBﬂl rate varl-ya
atzons acre 1n51gn 1cant and 1t can be uscg as’ e qtandafﬁ

. or control Ior co"naratxvc purposes nlth the othtr straln“

qzncn the na—l rcsults are conaarable to prewlous reported

‘lndxnﬂs,<trﬁ data oh thc othcr xsolates should also reprt—

)

scﬂt cach atraln 5 rate of transfornatlon, 'ceneratlon tlmc,
./

‘1&9011at£oq ne*ccht under normal and heat—shock treatrcnt
and otber charactc*xstlcs nlth a razr degree of accuracv
"';t ray wcll bc tbat thc otber stralrs could attaln a £ ster

LOLblln” txre or TSO as WQll as develop a greater number ort

flag*lla during hcat—shock treatment but one would not eipect

any flﬂdana dramatzcallv differcnt from\tggif found durlng :

thxs rescarch. Tl

- Dxnglo {1970) found that by hcat-shocklng cells of

qtrain hB-l dur;ng the amoeba-flaccllate trans‘ormtlon, the

¥ | PRE
e,

X
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nunber of flagella cculd be lwcreased to as many as.le |
_ f‘agella per’ cell In qeneral he found that the sub lethal
\\“‘tcrperatures doubled the. flagella‘per lndrvidual and the aVer—:
age moved from 2.2 under normal transformatzon condltlons to
4.5 flagella under heat—shocx treatment. The crxtlcal perlod‘
A for flagellum svnthesxs is the lnltlal 40 mlnute 1ncubat10n
e; _ period and by . heat-shocklng durlng this perlod the synthe- 5J
| sleng proccss is altcred leadxng to multl-flagellatxon., NB 1,.
the control straxn. was E{fected by the heat—shock treatment
i -as were . the other non-pathogens, DC 1 and CT B. However, the
: metabolrc procgsses of FT-52" and DC-4 the pathogens, were:;“l
.relatively u affected by lncubatlon at 38 C. , A _
' ".Jﬁf‘: - The non—pathoqenxcrty of NB -1 was confxrmed and ¢r- 8.
and DC l were also found to be non—pathogenlc. Only DC~4
.e appearcd consxstentlj pathogcnlc whlle FT- 52 s pathogen-
.zcxty was not conclusxvely denonstrated : ‘. _ - }: |
_ Hhen testxng the temperature tolerance of the various
stzains it uas found that only FT-Sz and,DC-4 could successfully
‘-mu‘txp 1y and clear an agar edge plate at temperatures beyond
”-370 ue Griffxn (1972] reported that H fowlerm-cquld grow.at
| 45 C and tolerate 46 C. Fultop (1970) reported that NB*l Wlll
;groﬁ"..?..from below 20 to 40 41 '-7 True growth, 35 com= .ii
_pared.to the migration of amoebae, was not observed 1n NB—i;
jbeyond 36°c although the amoebae could survive’ and migrate for’

at least 24 hours when incuhated at . ﬂp C.A Proliferatlon. sueh  ,
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—_

‘as rcquircd to clear an edge.plate, did not-occur.

Carter (1970} found thnt hp oulcr; requlred 4-7
da)s at 37 °c to covir an edge platc., Thls is sxgnlflcantly
sloacr than pathogenxc CC- 4 whlch requlred only 36 hours

.'whew 1ncubnted ét}thls tcrnerature.. Grlff1n-ﬂl972) found

that atnroon tewncratarc thc pathogenlc stralns of V fomleri .
' . . . M '.‘\' .
rcauired one’ ncek to two months ‘to cover an'agqr slant. At o

‘23 c, Du”4 consxstently clcarcd an-edge plate in one week;
— ‘ R

but this rate was. rugh slowcr tban that of the other four
p o !

‘qtraxns studxcd Strain. C*-Bq-tﬁe most prolific at room temp- - e
"craturc, rcquxred only g0 hours to comﬁietély éléarna;ﬁlaté;
_uhere 'S uB 1 and f"-SZ requlred 100 hours &;rain DC-4's

. Grows "f?to,.ehlle belvg hell beg///thc other 1solates gt

k.

o]
;no. tc ~cvatnxc, wq; ‘ar superlor 1n the rarge from 37 —-427C -
(98,6 —10? 6 ?) whzch is the range From normal body tempera-

s ufe to dchth Fron fnver in hu?ans.-‘ :
. .
e Cartcr alsd found that althougp decreased teﬂperaturef

(1.0., 21 or 30 C as coroarcd o 37 C) retarded n. foular:
0mth,'1n ccpdvxty rcralned unchargcd ' Less thqn 16 hours
*at 0%-4% de t!OYLd aroebae v1ab111§} In its natural envir-

. aonﬂent, however, the amocbae woﬁld_probably entyst-as the :

“tcpperature decreascd over a perzbﬁ of sevcral weeks.' Carter
i

found that cvsts could surV1ve storage at. ‘15 C for ﬁP to tWO -

L

napths, @he 1ength of txme that a cyst wxll remazn v1ab1e when  ;%

! qtored under relatlvely optlnal condltlons is of lnte*est not




ﬂat room terocratnrc can survxve for two years and possxbly‘**-~*,'

_Ccnsxdcrable lcng;hs of tlmc. Fomever, whether the ?aegzer ..
"“tdqes is notfknown.f
?0% ctnanol ugs studled to obtaxn qualltatxve 1nforratlon con-

'Th;s aspcct’of thc 1nvcstxgatxon was of Dartxcular relevance

;hhen dealzng Wlth the pathocculc stralgs and in preventlng

106

| dnly.to the protozoologiSt who may befnaiﬂtaiﬁiné.the'pfoto-

d

‘zban-‘or experx ental gu*ooscs but to health of icials who -'
:na; be att ptlng to rcducc or eradxcate pathogenlc stralns

ju;thln a g;ben area.~ It 15 known that’ some encysted pathogenlc

:thulns when Qtored on plaln agar in a momst envxronment and

i

1onger (Carter,_1970) mhxle otbers can surv1ve this 1ength of

'tzne 1n a drxcd state (Duna ot al., 1969) . Fulton (1970)

Fom

reportq that hB—l cysts are viable up to seven years.' The 

str-xns used-xﬁ thxs rc cgrch,had remalned v1able in “the qamp-

: lxng tubes at 12 C for at lcast flVe months before 1solat10n

hnd tcstlng for pathpgenlc;tv was undertaken,‘suggestxng that'

the gauhogcn c Y-r;? ri: ‘can survxve lowered terperaturQSv#or

t
L)

a’ .

strains were in the ocbo‘ 4, flagell&tc- CYSt Or‘lntCletteﬂﬁ DA

Cyst and trophozoxte rcsxstance to soap solutlons and

8

'ccrnlng thc deablll“" of ad gl ria under adverec CODdlthnS.

(Ao

{

' poggible contan;natxon of test anlnal materlal .surglcal areas

Carter (1970) reports loss of ‘via~-

and laboratory utens;ls. "W..,,

'bxllty of amoebac and cysts after 24 hours fhmer51on ;n solu*—‘*

txons‘af-70% alcohol, 4t formalln, ana 1% hosPltal s0ap-, Tb?{f

s

5

e e B S
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straxqs used throuchout th;s p*ojcct showed varyxng dcgrees

of rcsxstance to chcmlcal desxccatlon. The amocbae were -

ghly sustcpt;blc wh;le the cksts were only’ affec;ed by lm—'

‘Mcrsxon in 70% ethanol for a 24 hour period. Slnce the cysts

‘can survivc soap solutLOns and chlorlnatlon (uanzeson &

. . o .
nnaerson, 1972b). onc can. readlly see why amoebae can be

‘Lsolatcd from s ‘imming oools and flSh tanks thh relatlve

 ease (c g., RT 52 and CcT -8). ;:f L '.f i  ff -

~ -

Iﬂ How cver, why pathogqnlc strains would proliferate -
jto infcct1ue 1evels in hcatéd swimming ﬁbols remains‘un-

anﬁﬁcréd Investxgators have found. the pools to be mare than.

N ’

“auequatclx rulwtaxﬁcd hlth a lo 'bacterlal pOpulatlon, yct

cases of Na ui?ﬂnis rowlncocn e“halltls related'to swxwmlng"

fOle ha"e occurred in Belglhm (Van den Drlessche, 19?3),

Czcc OElOVLk‘d (Cerva & .ovak 1968}. ‘and nustralxa (Pndersoqw

4 Jamicqon, 1979b) Although attempts to lsolate pathoaenlc

‘ﬂa“oebac from the pool in Czechoslovakla have not been success-

ful, thc*e apoears to bc little doubt as to the. source of the

‘ﬂhcctxon. 'In' u;tralxa, suncr chlo*lnatlﬂn up to" 10 D-r-~-*‘
"azled to dcstro | fang er" p*esent xn thc pool but sallnatlon

to 0. 7% (w/v} eracxcated all spccxes (Anderson & JdﬁleSOﬂ, 1972h).

. Chlorxnatxon should destro!: Of at 1935t llﬁlt' the ?aeglerta

E food sourcc and‘yet the number of PAhE cases dlrcctly attrlbut;d

-to pools and the ease with uhlch CT*B was 1sola ed durlng this

-'coearch projcct, sucgcstu that in 1ts natural habltat thnre

Y

»

Sarr
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‘:c\ | |
e may bc many - nutrlcnt sourcos (1 e., cell debris, orgahic'
lxtter) utxlized by &anrlur a stralas. Under 1aboratory
.condations,‘few streins (xi an)) would survxve or prollfer*
:ate.on as sparse a bactcr1a1 popUIatlon as that found 1n-
'“well naintained chlor;nated nools.w The amoebae should en-"
'7cyst ff the nutrxents becore depleted or are- sparse,>ae&
.cysts;are, accordlnq to all research to date, non-lnfectlous;

.Hacglrrtc' was consxdered to be a harmless saprOphyte,

coprozplc and free llvxng, unt;l Culbertson ln 1958 flrst

- noted the abllxty of the arocbae to gro ?n,ﬁell debrls and S
bramn tissue._ Thcrc may be many ‘as yet'Uhrecognlzed sources
o‘ food and many englronrents su1tab1e for Spec1ally adapted R
. . . ] ! \

]

stralns.
amples were. 1ncubated at" 37 C du*1no th15 research o
' to attemot to 1aolate pathocenzc st*alns.< Accordlng to EN
R G*xffln (19?2) cven 37 C allows non oathoqenlé anoebae to® .;

_ o .
'outarou the oathogenlc Haaaler c stralns- therefore 43
would be preferable for 1solatxon ourposes. The overarowth

‘at 37%. by the non-oathogens xoqld result in an undereth-'EV-
L

| ,“atlon of the nunher of Doﬁcntlally oathogenlc soecxes oresenta

.in mixed inocuia. ance 1t was not ?nown at the begxnnlng -
I
- of" this research prqgect whether pathogenlc sraxns were ‘to be

Mafound in thls 1oca1e, the 10mer xncubatxon tenperature-was

used and 90551bly pathogenic stralns were: lOSt durlng the 150_-; B

lation process. = - . 'va




-_%casurencnts* N

g

e L

J%.

Othcn anestlgators have found that puthogcnlc stralns-

‘are more fastidxous in- thelr dlet and ulll grow only .on NNA

\

uxth lxvc h.iﬂﬁﬁB?thy or E. col* (Butt c* atl., 1968 Cax‘ﬁ:erJr
1970 Culbertson <t al. 1968) - The. results of thls research

w
\ould tcnd to sunoort thexr fzndznns.‘ Stralns DC 4 and FT-SZ

‘grch poorly. 1f at all on. thc low salt M medlum 1n1t1ally

'ahxlc prollferatlng mell onEVHA Ulth llve bacterla. They aid’

e -

adapt to the NM and{grew VLgorously on thls medlum but u51ng '

'“\h for the lnxtlal 1solat10n gs reconnended to ensure crowth

o“anv pathogens that may bc 1n the sarole.

-

ﬁ:..

As mcntloncd earlxer. all neasurements and ceneral

“Orrho‘OCical obscrvatlons are prlnarlly for corparat1g§ pur—i

roses and should not bc consxdc ed as set d1*ensxons or StIlCt

,

cfxterxa £or any partlcular straln. Thc nuclear dlameter,;

. aroeba size’ aéd shapc. the cyst dxameter. and to a certaln exﬂf

N

_ “rﬁqent dur1Tg a glven experxmqnt mhlch nay be altered inad-

;crtcntly ‘or dclibgrately,' and 16:..(3 t@ ai ffcren\. flndlngS‘

n

in thc ncxt set Qf tcsts.- 50 e of tre more 1m00ftant factors
'are the nxtotxc or growth ohase \of the trophoz&xte, the lncu‘_

hating temperatn:c and the type of medium- used for culturlng N

purposcs. _ ‘ |
Pulton (1970} and Chang {1971) note the dlfferences |

[

| that ‘occur by’ varving thc mndlum WVA redzum was Lsed for

c

/.

.'ﬂ

TR




1(19?0) dxsagmces 1th the gesxan of Page s study and clalm
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.-
Y

o

thc cultu*e rchur durlnv thc reasuremcnts stud; and was the 5':

mcdzum uscd by Pagc (196:} for h;s taxononxc Studles. Fulton B

v

1 : _
aum to uncy&n distrxbutlon of thm bacter1a1 lawn. However,f

; .- i - . .
practically all othc*‘;nvestlgators worklng with pathogenlc

at rcsults are }ﬁ S, rcproduc1blc thh NN A and llve bacterla‘

‘"arictxcs use only AHA thh bacterla.- For comparatlve pur-

processcs of any of thc stralns was: deemed the rost su1table. f

poses, a mcdiun that has the least effect on the metabollc e d

'l o

L S ]
Cowq ucngly %\A w1bh llvc/aacterla was used throughout the

ucaqurefents and tayonoﬂlc observatlons to produce as unlforﬂ

\campargtbve.rcsults.as sossxble;

o

:

i
o

’
t

i

«

e

-

-'V "- .

it wae noted du*an the coursc ob this studv that

*rcrc1 1nr thc tcrqcrat“re, partlcularly at or anpro cH‘nc the‘f
g 1_ .
luthgl rangg a.c:.»r a c;ven st*aln, rcsulted in ewtrcrely en-,

- Cd

1arged arocbac and nuclcl as wcll as’ multlmnucleate enlarge33

arocuac SUGGCJtlnC that- thc amOebae were no longer capable §

a.

o‘ Lndcrc01 ng. karvonanSL or. cytoklnesxs.i“

’:-n:””nll tbu Lgolatca clrsclv anpro<1ratcd the normal o

ﬁ}/ .

'-“casurpd rarcos'.or na IP“ 9- The, eight Stralns Peasurcd

) supplv the mean valucs.

b{ °age (1961) &cll withln the rangc of 14. Spm—4lbm ﬁhllp ln‘_ _

_active: translatlonal locomotxon. Thc nedlans ;or the varlous S

strainS‘are_as follows-

.

2. 4um, 24 8um,’ 21.4um. 24 Zum, 26 Zum,__-

.22, 1um, 22 1um, and 24 Zum.' UnfortunatelY; Page falls t°

cérva (1969) reported a mean. lencth {7;‘ﬂ

of 7 4pr for hxs pathogcnlc Straln 1solatcd frow a PAMEH;‘.;,

F R .
-

s b e 00 A
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) -:. B ) - ' . . /
wvigtim, Thc five qtralns sUﬂdled durlqg thxs prOJCCt ranged
fror 10 0uw~34 Oum when in actlve motl&n. The means for the

. . L
;ﬂ 1sola*cs ‘are - as ‘ollows- 18 3um, 19, Bum 26 aun, 15 Vwm

nd
.;f iB. 4um., OnI} FT-52 (mean 15.7um) and CT-B (mean 26.4un } : 

1cpcawod d*stlnctl" dltLe*eﬁt in size- but these dlmensrons.

lie thhxn thc 'angQ§ nornally observcd= o ."\“ .
uean flagcllatc body lenqth raﬂgec from 14 8

o

20, Bumﬁél e., 18. 7;m,~15 Sum, 14.8:m, 17. Bum 20 suri, 16. Tm,
14 G,n,'ard 19 4um) in Pagc s stud1 and fron 14 6uw 21 S,n . |

ﬁ' (x c., 15 Gan,‘l7 Gum, 21 Sum, 14 6 :m, and 17 lum) durlng

;j- thls study. Onca agaln there appeared to be 11ttle, 1f any,‘

i 351 ’icant dlffPanCL bct reen - tbe uathocens ana non- D"thOGCPS. -

AN Pdgc 5. presunabl non—pathorcnlc cyst. dlaNEtO*S ran-
R :~' . : _‘__‘a" o, .
‘“J"gcd from 3 6: 15 o“n (ncan 11 5“.) as 6ﬁnoared to 6. Sur -

LI ,lS‘SAH (mean ll.BLmJ for the non—pathogcn\DC-l, NB-1 dnd
5 . A S . ) :

L

cT-8. The vathobenic’bcﬁi~aﬂd FT-52 cyst diametené r§hgedQ

‘;;:."_' . 7 s 5] ]
from 6 Opm«‘e Oum (mean 10 4nn). whcreas u-'fOFZCPf.ﬁcafterF’

1970} avgrared 9% bum and Sayel ot '3:(1973) reoorted a mean -+ ¢ ]

c;arcnc" of 15 6um. There. apuearS'tolbe‘a w*db variatioh'in

cvstwdx .ctc*s but cathoaewﬁc sbralns could not DG ldcntlﬁlcd

‘ qﬁ thevbaSLB of cyat dlmenSIORS. N -1‘ : .

a ,; The cysts of non-pa;hogenlc strains contalned one or

more pores, whlle DC-4, the one clear pathogen lsolate in thlS
: .4
"ﬁtUGy. showcd no def;nltive oore st*ucture.

dlstxnct ‘pores angd plqga, bUt 1t5~835hoqen1c1ty is. Stlll SOﬁE#"‘

FT- 52 dn.d possess

-9

, what in qucst‘on. B ’ L S
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Rdte'oflhoconotion: - Co : ' .

Most 1nvestlgators 1nc1ude-a rate of locomotlon

chart 1n thexr ncasurcrents 6¥IT:iFTLr*c stralns. Page (196?}

xcasured.f;;...the'ratc of loc0ﬂotxon. for 1 min or 100 ﬂlCIO-

reter, unxts (o thhQVPr caﬂﬂ flfst) in 10 anoebac of cach
A T
'stfaln. and Tound ‘the ratc rangcd from 46”m—122um pqr e,

This was at room terworatu'e nxch varled from 25 =30 Cm As

-

he says. Thc values obtalned for locomotlve rates are only

.
L} - o

- an *ndxcat\on of thc no*ent‘al rate for each straln'

Cartcr {1970) nea ured hls ovcr a oerlod oh one
‘-miﬂﬁiu in a sinllar nanner and found the ﬁ.,JQUZerilisolate's“

rate of loco”otzon raqrou 'ro“ 30,n 56um,?@f mindte, with an

a#ﬁfﬁaef0~ JShm;pbr m'dtte. Page\falled to give an average
. ', _ ™ N ] ) . . - - B . . . i -’/ X
rate’ but ca\poriSGHbeﬂﬁacc'ﬁ'ahd Carter'"s ioComotorvfIates

. T ] AR ) e | Q;

ushews.ihat X fﬁpwiar{.avcranﬁc 1o.»er than the lo est rate

rﬁcorccd by Page.. T”is'ma\ bav“ “een duc tO thC labo*ahory-
. { : 4 - . ot
,tgﬂﬁcra?)*Cb or may be. a s;cnrflcant dl“ferenco.

i

r

he - Sxﬁcc Wregleris actxv‘tj is LnfluenCQd b} the temoﬂrr

R - *' e %

atu}é of tkﬂ cqv1r0qrejt, the CompOSltlon of the llquxa sus—

v
- o -

'}9"1 sion .,

L Y B i

. and otber varxablcs. th's pgrtlcuggg measurement appearq 50 PR

e t LI

- have 11ttlc valzd;t} e\cn hﬂdcf controlled condltlons. Conse—

I

e a *
q

~

Lhn ‘cnvth of the obsprvat on ;Jm,, the n*tot*c stntp,'f

. QUcntly; since the rate oF locomotlon can be changed so.drastd-

e

Y rS

'1c311y b[ alter;ngga v oL tbe envxronmcntal COﬂdlthﬂSc this

irbasurcmcnt was not mncLuch 1n the corparatlve anaLysxS Of \

e R - -'.n‘ ! R
L . .' D

'._thc‘straxns.'f--_u S I SR

L
L]




Exgéfimcntal“?atholqu;.'L .

&

-

Thersdrvivalitimc'( veraqe 7.4 days} of mlce inocu-

"qlatcd wlth DC-4 correspnnds-mlth that found ‘by other 1nvest1—j

: 1na nnuch bcvond the ! nor”al surv1va1 t;n_. ﬁ‘f" f_-“: Dy e

- 1solatc caused death‘ln 2- 3 days._ As noted prevxously _the.

cators uqxnc straxns 1solatcd dlrectly from PAME vlctlws

| }' R e 113

"1coll (1973) found death resultcd 1n 6 7 davs after 1nocur; '*?.E o

v.

latlon; Martinﬁz et (1973b), 5= 7 davs aftcr,_Carter (197@), =

4
3- 3 days d‘tcr whlle Van ‘den D*lessche (1973) found his"

oldcr (vi;., 1araer) anlmals survxved 13 davs befqrc succumb-

Thc DC 4 1noculum 512e bore a dEflnlte ralatlonshlp

el

L *o thc Latalltv.rate but no dlrect relat;onshln bctween

~

o Lound not onlv 51~L1ar ‘cor relatlond of lnoculan size to’dur— .

. . .that only so man

1)

1ﬂ0tu1u" sxze ard duratlo;Lof dlseasc could be dlsccrned o

." - A

: Carter (1970) rpports/ihat thc dosaoe 1nF1ucnced the lencth

o"t e d1scase ‘9p eyarnlc, 4, 000 amoobae resulted in death B

‘v ,f"’ : .o ote
1

b 1n’5 6 caye- 300—amoebae, B-days* fcwer than'BOO anoebag,r?wi%

1 days or more. Szngh and Das (1972b) Used the flagellated e

]

e L

‘orm of ﬁ;'ﬁ-yob‘a (considcred hexe to be . foui Pl) and .

ation of Lllncss but- an lncrcase 1n V1rulence. An lnocuIUN

A X -

; 2 500 flagellatcs oroduCﬂd the sare or'a shortcr lncubatlon

perlod ‘than 20, 000 anoebac.f Thex found that 1 °°°‘fla°°113t°5

lcd to 351 death rates, 500..66%: 1Qﬂ: 57‘” and 5°v_t° & 25%

-]

1dgath ratc.' This 15 not a llnear relatxonshxp and suggests_

y 1nd1viduals wlth;n a_pOpulatlon are caoable :
.I.‘ ' 7."'.‘ ‘ - .l .:' ... R -l i

-2




L) L T R -6 A ‘__ ,
of produoxng PAME Dcaths thh the varlous 1nocu1um‘51zes.'f T

" of flagellates occurred 1n 4 5 days.: Slnch and Das postu—f

'clatc that in the. wild r. GETOJLG lS constantly changlng from‘*T'

"amoeba oh the bottom whc*e lt feeds to. a flagellate whlch then h

b

‘swlms about angd ﬁs m&re pathogenic than the anoeba.; P0551blf
I B S

< 1t could pcnetrate further Lnto the lnner nares but would

L then revert to the anoeba. 4'.

bt

Although a near . 11near relatzonsh;p was qstabllshed nlth

the DC-4 - xno;ulum sxze vergus fatalxt; rate (Table 10}, there'

-

is sémhe doubt -as to. whether the re&atlonship woulﬁ contxnue:

S I
‘ bc?égd the 4@,000 amoebae per 1nocu1um (the maxlmum dosage

_uéed) N It was noted at the tlme of Lnoculatlon that thefj
.f-

nasal chambors of tHe exoerxmental anlmals were completelj

: .iillea by the ZQul used and lncrea51?g tbe Lnoculun sxze o
possibly uould nSt zncrease the fatallty réte appreclably.

\o,a/// The mnxxmum morta&gty rate achieved w1th straln DC 4

Vas a2v. thh an inoculum 0 f 40, 000 amoebae.. Martlnez e+ al. o
;Q ,'- (1973b) reports a 45\ faéﬁlity rate wzth 10 ,¥£4 amoebae,.,.ﬂ o

,Nicoll (1973}w 100\ fqtalltles thh 3 000 amoebae. Carter'f k'

;;'(1970). a- 90% fatality rate over a- three yéar perypd
R shohld however, be poxnted out that many of these lnvestxgators

Tlf(g g_; Culbertson, c;rter, Singh and Das, etc y report kllllng

¢

5: T the animals when they appear monxbund Thxs practlce was not

'followed in the DC-4 pathology studxes. 1f morlbund-appearlna

animals had been destroyed, the mortallty r;té wo@ld ﬁ“ve*been_“

]

v - : N '."‘r" . ; Ceee




-_susce lbllltﬁ.

. -

.mnc*caqed subatantlally LA ‘ R SRR .

The selcctxon of anunal stralns also enters 1nto the

-resultln -*ggalxty rate.’ ThAS ma) bc Lllustrated by thenfact

cse straxns wou ld .111 tﬁ' mlce (S P F (Lllly) of hD -4

l;néaqc, 9- Jl g ) routxnely used by Culbertson (Grlftln, 1972)

t

'Oqu wass/hcbster nlcc, %?pplxed from one, source, were used

;“'oughout the DC-4- testxng and dxfferent results mlght havn .

"bocn obtaxnco 1£ dxffcrﬁnt stralns of mice had been tested for

D -

. -

Thcre:arc man; puzzllng aqoetts cg&cernln Vacgléﬂfa

,.rcningo”encenhalxt‘s.. One of these 15 the llkgllhood of nother

"~ aorbal o& ent*y o;hor thaﬁ tﬁe nasoohurynceaa route but where

L3

t“xs cntr; poxnt may be is unk nown. The.aastro—lntestlnal

":tract thc cir&u&qtory systen and the re5p1ratorv tractﬂhave
' —F

'vl*tually bccn cxcluded clthcr through anlmal testlng or elxw-

-

1nauxon (L c.,.thc 1ﬁabllltj of awocbae to survive human Serun.

[

'ﬁ WME vxctlms had clthcr not becn swlrmlng or had done S0. 1n

- salt water. of thesc. some had an ooportunlty to be Ln contact'

intrahaqal contamxnatxon. Others, however. appear to have

-idcvclopcd the dlsease wlthout eJE;\BE1ng in a sxtuatlon where

th&} could: havc bcen lnfectcd via the nasopharynceal route.}_h-

N : - B ' g

'-ﬁﬁ levcls helow 4 3 and b;le salts] In XLStralla several : "; 

w;th.wa te water and septlc tank effluent and,‘thereby, p0551b1er:_
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'ceee:reportéé by Patresyaed hndujar (1966} coecerns anlolder”'
;man adm}ttcd to the h05p1ta1 wlth per1pheral edema. On* the
: scvcnteenth day of his. hosoltal stay, ‘the patlent developed
" a scfere hcadache and died on the nlneteenth day of PAHE.
.Cerze s - (i969] finctngs show that the averace surv1val time
frqn 1necu1atxon unt11 death in a human is’ aporoylmatel; ten
days or less. There is no cxnlanatlon as to the source of T

the amoebae or thezr route of.entry:

‘This bring§ ene to the point of considering possibl
carrier'stath_and“sitcs of amoebic infestation other tian

the bfain.' It‘has been emphasized several times in
,l . N . . . N

-ndw‘considered non—ﬁathocenic be e ;of tHeir temperature-

'1ntolerancc coulad adant suf ficiently to invade brain tissue.
ht thc Onﬂct of fcvcr, the ponulatlon mlaht be depleted or:

poss ibly cncvst, althouch uae,lcr ta ysts have never been .
found in t1ssuc. Other. am?egee (i,e.{.H r:wa-nelzu) afc kno ?',
to encySt ih-animalutissue ané fhe‘éresent data.on}&acg ;rla;
cysts may reflect lxnxted testlng.w In anv.eéeet, aslehe'feferT /

w

SUbaldCd the parasxtc could conmence growing agqan.j LesS“ Lo
'tenpetature-tolnrant strains would probqbly not 1nvade the braln

: but possibly ether cooler areas of the body : There are several

_ dxseaseq of unknown etioloay, mult;ple sclerosxs to name bpt

- ‘ . ) ' . [

-
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f

<y

_one, that are tvoificd‘bv slow dcceneratlon of the af fected

: _o‘cnns hlth sporadlc rcwxss;ons. This is all supposxtLOn,'of

‘:‘( L

.c0frc1at10r‘;ound-bc-ween the presence of Hawnen wmannella amoebae

course, but thc posqlblc pavasxtlc role played by Nae aZerLa

has just becun to be znvestxgated ' L

Cartcr (1972) wcntxons the sta tlstxcallf 51gn1f1cant

.

T
» -

{an amoeba 'cftbn mrstaken for u:cazcr:el in the nasal pas--

-

‘sages and a prevxous hlstory OL headachcs, frequpnt colds and

E]

nose blccdlng 'Aleo_amoebae, agaln.of theﬁngr:nanncllq ya:-
:iety,.haye repcatedly becniiSOIateaqffom-thelsame shbjeétse‘
.§uggcspin§ a poksible‘Eerier state. - One final céee.cénce:ﬁs
a patient suffe}ing fﬁom‘ﬁodgﬁin's_Diseaee‘fqg‘tcn years prior
to hisedeath. Aftcr.hie-death an abscese cohtaihihg amoébae"‘

(df'unkncwn class:flcatlon) was found in braln SGCthn e

ey
%cthcr thlq abscess was- related to blS d1sea<e is unkno«n. T~

~

ance P:HE has been overlooked ‘o* all thcsn“ycars, there:

could bc nanv other low croelle ﬁlseases attrlbutable to aron51C'

(

*n;estatxon. At prcsent. Hccdierta_xs thc onlv qcent Lnown to .

cause: PAME but its role ray FOt be llPlted to thls cne tlssue

u
ca

or diseasc.

Durlnc thc experxmental patholoclcal studles w1th mice

us;ng straln DC-4 anocbae emerged only from lncubated braln:{f

stissue. cher xnvestxgators (Carter, Culbertson. Duma, etc.} .

have found amoebae infestatlon of ithe llver. spleen, lungs,',

R}

~and surroundina var;ous blood vessels in mouse,studles. Ho"ever,

o




ncubatlng thcse o*gans and tissue from unlmals succumblng
;o DC—4 produca meqlngq-pnccphalxtls ~axlcd to“orodﬁce anv'
51ans oL,amoobxc infestatioh. thther these flndlngs were

due to the partzcular pa thooenlc straln DC-4 or to qhe straln.
e o
of mice (Swiss/hcbster) is unhnomn but does poxnt ‘to posslble

]

scrum ‘ac*or dl‘forcnccs in mouse Uonulatlons.

It was also noteﬁ that a large number of mlcc lnoculated

™

_'zntranasally“wlth DC- 4 dcvaloaed PAME synotoms (1 e., extrere

'dlsorxentatxon, brlstlxng halr, and hunched p051t10ns) but re-'

covc:ed.' This has not been :cpc?ted_by-qther—investigators,

agafn péséibl? bcéauSe-bfﬁthe rnouse sfrain_gsed‘o;‘the pathd-'[

gcﬁiqiﬂd#glapfa sﬁgaiﬁ uqu7bgtfmo{c.pfobabi&lbecagée of.the S
cf&l‘ﬁfacticé'af-?llllng moribund-g §péaring'énipéls.

o o 7 .
. 2ice are capable of recover1ng Fron severe Naeg leria 1nva51on

then_thérc isn alwovs thﬂ paqslhlllty tbmt humans can, and have,
"recovered from PAME. The dlseaqe, belng onlv recertly fecoc—ﬁ

- P o ;
I"

‘_nizcda;i‘nstillion,v in'thc in;t;al 1nvcstlgat1ve qtaccs anF
I
I

ay prove’to be less vxrulcnt than. believed at_prescnt;
. .\;' . ! . . .' . . . ' - . o
' N T S : E 2T , :
Naeuliria Ssvcxat;cn: o - f_- R R

v

|
|
:“
Q;Or
RN

tq
1,

'ihvcst;J tors have "ttcrahed to claﬁsx;v va

C.’“

many'ycars and at prcsent several taronom1c claSSLflcatlonq

> L ' I'

are in USe.‘ The stsxblc Sp@ClcS of a acglbrfr lsolate 13

. ]
a particularly dxfflcult aroblem to SOle- Wh?th%F therg =S

|

K i . I
rfnumerous specxes ;S-nqt-de.xn;tlvely j -

l'only one 5pec1es {H. grxocit}, two specmes (u. gryvcr? and;
%, fauZa?i),ko
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R éstabliéhed‘at present._ :- _)Lw{”:
As to uhether the straxn DC 4 is- 4. gbuék}i'orlu. f?wlér%,,;f
~or p9551b1y an 1ntcrnddiate straln {Anderson and Jamleson;
197?‘) 715 unrcsolved at present and possmbly onlyglmmuno—
1ogica1 testxng can. deternxne lts true soecxes._
| -In common hlth .7;;13 1 is DC-4's v1rtual dbsencé of
pores thhxn\the cyst wall structurc but lt appears to ‘lack '
-the vxrulcncel9scr1bcd to N. _’ouaarz. The culturallfastl—.
diousness and other attrlbutes asszgned to n. foﬁieriréréluﬁ
gradually bELHG found to bb untrue, for. examnle, Cerva s _
laxenic mcdlum us;ng fresh porse ‘serum produces gnod pathogen
growth (Ccha, 19695.and Andefson and J‘nle;on 11972a) are now -

gromxng W. fowicri on heathQ‘ ,_a-s;‘colz and on an axenic

\. .

, medtun dﬁecrlbed by Fulton (19#’

-

e '-\-" P
Carter (19?0} con51uefs the c"st o‘_ﬂ Fovler: to-bcr

Lts most dlstxnguxshan fcature., He clalms that the comnonnst
' - W :

type of cyst £orned by N owior, is such that, "The wall is -

intact and apparcntly the same ‘as 1n the mature cyst....but

-

the zntqrxor apocavs alnoat crntv. _ Thls tyoe of cyst lS
scen at tirce with all the straxns tested durlng tmls rescarch

and canrot be confldered a dc;xnlte characterzqtlc for ani

; particulaﬁjsxrniqlthhev are. partxcular ?repaleht on. hvi platcs.
. Possibly the amoeba’ has cxcysted ‘or. degenerated WLthln the cygt‘
and the movement noted WLthln the enpty appearzng cyst wall ‘ff

is duc to bacteria entcrxng the cyst. |

.o ) o

By . - .- B - .
= s L T Lt : -
v . . - .




Pathoqens in-Cpnadiah Wajnrs:m

R
a Thc DC—4 sanple hns taken durlng the latter-part of.'

' Scptember, 1973. followlng a prolonced hcat spell ‘in the area.)
- Whether the pathoaenxc straln hould be 1n sufflcent numbers to.
'bc cas1ly xsolatable at other tlFCS of the year or. follohlng “-

Wcod}er sunmers is unknown.
s The organxc and faccal poLlutlon, the possxble thermal

ﬁbllution'from thc Dundas Hydro plant' and the shallowness of-k,.:

much of the canal allows exten51ve warmlng durlng the summer
mowths and hould contrzbute to 1ncreas*ng the oathoqenlc pop-;;l.;
”ulathn wh;le'slowxng‘thc'growtb rate:of the pqnfpatbogen;c |
.;fcﬁgléfﬁcm- - = i -_ : v ' . |

e

=

Hhcn one c0n51dcrs *he tcnperature of the Des:ardlns *‘,‘,
 -fCana1 (1 G.. 34 C and poss;bly hlgher after extensxve hot

- weather) it bccomeq rcadxly ap pa cnt that thc canal pfOVlG‘q
. . ﬂ .

&

~an ootxrallenv;fonrent for pathogenlc DC-4, gro»th and that'
"‘in this. nututal habltat. DC- 4 would grow at the same ratc, o_

possxbly faster, than *be non-pathogenlc DC- l stralr. As the

rr

 teﬁpe*atu'e sufvasscd thL 34 C reasurcd flgure of AugusL 22

19?4 DC-4 would 1§g;case ltS growth rate éramatlcallv mhlle %;_‘

-DC—l would dccreﬂse 1cadzng to naters scrlously polluted with
'Jthc pathoaenxc straLn. If one comnares the generatxon tlme

of DC-l and DC-4 at 32°C and -37. 5 C, a complete reversal of |

i
dmmhngtumxsfmmi

f

ﬁith the 1soIation o‘ DC -4 frOﬂ the Desgardlns Canar
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.! .
in Dundas. Ontarxo, there is . no doubt that pathogenlc stralns‘
O..JCLQZ r:a exlst in Canada -Thc canal lS grossly polluted

-and becahsc of the orqanxc and fecal naterlal as well as the‘"'

'-.shallowness of the waters” temoeraturcs are elevated beyodd-i

Voo

that found in- surroundxna less polluted waters Ecology 1n~:
/

' : ve kaqators have found that the w*ntér temperature of thl

;

Dcsjardxns Canal corresponds olrectly wlth the efflueJ;l.

crial in the water. High bxoloqlcal act1v1ty is found in the’

-'1wasoe naterxal and leads to tcmperatures in the canal durlnq

' ,thc wxntcr months that are 4 - 6% hlgher thun those £3Ynd in’
.othe nearby‘ﬁest Pond. The‘canal rare y; if ever, freezes over'

g ourinc the wxntcr and‘the water has ‘2 mean temoer;ture of 7%

o du'lng thxs txnc. Thls 1s the sur‘acc tenperature and thc : -_Jf_:f

botton'watcrs, bec.usc of tbc accunnlatlon of efflucnt QIC_}'

-

warmcr than thc surF cc vaters. - o '
T o . . y 6 S 5
Pathogeni hcqierta have been fo d in soil samples

enlc straln found in

 and arelfree-livihg." Hhethcr the g:at:holJ

thc DcS)ardlns Canal is E nutatLOn or. SClQCthGly adaooed

Vres and oollutlon}

'HOmevcr. the Dcs:ardlns Canal and other such_

Qtraxn causco by lncreasc& mater teroerah

.is not krown
| pOIlnted,f'esh watcrs could act as ldcal breeolng 51tes ‘and ’
‘lead to the dlspersion of cysts via w1nd, anlmals, etc. to-

;other sites or vla ‘the" flngellates to’other waterways in the

- et
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vfelnity; L,  -
o N ' . R
Thcre appears to be llttle doubt that the pathogenlcti'.
' stra1n5 are capable of growlnc over a wlde range of terpe:au-
tures but that elevated e*neraturcs favor these strains R ‘t
whlle 510hing or conoletcly curtalllﬂg non-pathooenlc growth;'
S1nce approx'nately cne“half of the known PAME cases
have been diacnosed n retrospect lt WOuld aDpear that thls
is an old disease that has gone unrecognlzed., Although many
poxnts 1n the ecolocy and eoxdenxoloa; of potentlally patho-
qenlc free vaxrg arocbae mav remaln ochure, it seems hlghly

" -
probable that thermal and faecal pollutlon of surtace uaters .

"bi xncreased 1ndustry or pODUlatlon could cause selectlve DVO?A'V

11feratxon to a dangerous 1evel of the theanphlle ﬁc?g!c:ie-

A

and an 1ncrcese ln the nunber of P?EE v1ct1ms..

ﬁIthourh the ef fects of pollutlon have been strc sed

i

1t should be po;ntcd out that aaters need not ‘be grosqu

lutcd to contain'au‘ELCLent nunbe:s qf oathocenlc anoebae to -]

.. cause; PnHE in sueceptlble lnLlVldualqt
-
The one Cornon ‘acto* *ound in all mater sources cor—_‘

tainxng pathoconzc u“cgl.r.e is- the elevated water *evneratureg.

ﬂﬁ}x ?ﬂﬂﬁ cases occur dur;ng hot-spells or in heated waters.
- It has bcen suggested that thlS 1s because nore people are
swimming and for longer perlods of tlne but thlS does not ap-

ply when heated swznn;nc pools or hot sprlngs are consxdered.

Pather 1t would anoear that the weter tenoerature is the .
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.

‘Ftrlggcrlng factor that alloms thc amocbae to prollferate

_to a. suf 1cient numbcr to becore xnfectlous. ’

. 1 Since the dlsease is so VLrulcnt and tha thcrapy ct—ui
Vtrcmely toxlc, prophy}g;igﬂ:gmALQS?the'best answer ‘at preseot..
Prolongcd s&xmmzna and - dxvxng 1n stagnant,;ﬁarm fresh'water
fshould be a\oxded part;culafy b; porsons wlth hlstOfles of
noso. ear or inus dzstnrbances qx dlsease. Reducxng the nund”
bcr‘of hoavi}y.go11u;od 'atcr sourcos, suchlas the DeS]ardlns
‘Conal,'thatloould so:vé ao‘reservo}rs for Qathogonlorsé;aans
woﬁid also rodoce the fﬁci&oﬂce'of‘oathogénio Haégloria‘ooing
'transfc'rcd to other ICaS polluted waters e | '

o Sln e PAMF has been reported 1n Erltaln, Belgxun, hed

?caland and Czcchoslovakla, countr;os all hlth cllmatxc con~f

dxtiono s;rxlar\to those found 1n southorn Canada, there was

a h;gh p*obaollxty that a pathoven%; 7acg;cr'o straln would
be found. Wxth the Lsolatxon of theé DC-4 strain there appcars"

1itt1e doubt that condxtxons are sultable for pathogens an(

that PAME will cvcntually be dxagnosed in. our country-‘;‘f

Vo
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- Summary .- fd‘] S e

clusions drawn from this 1nvest1gat10n will he summarlzed

'anot known whether thls was due to anorrect dlagn05ls of

;meningitls cases, hostile climatlc COndlthﬁS that precluded o

To conclude this dxscuss;on, the results‘and con—

Primary amoebxc menlngo—encephalltls (PAME)'ls

P
AY

5

belng recognized thh increasrng frequency throughout the

world since its xnltxal dlscovery in 1961 in Australla.ﬁ

F-'As of 1973 no cases had been reported 1n Canada and 1t was

v
.

Y

"pathogenic Naeglerla growth to inféctlve 1evels, or com—»f_

plete 1ack of . such pathogenlo stralns 1n Canada. Consequently,

l’ _u

a search was undertaken in. dxverse fresh water enV1ronments

g
-incthe southern Ontarlo area. Water samples were collected

'"_mice to test for possxble pathoceniCLty._ Of the samples

S

-Naegleria straxns isolated and 1ntranasally 1ntroduced 1nto

vr

_‘tested two dxsplayed possible pathogenlc qualxtles (1 e. _W

a

cp-3 and FT—SZ) and one (BC-4} proved v1ru1ent to a degree‘ i

comparable with xsolates from PAHB Vlctlms.

A comparative analysis was’ carr;ed out usxng the

_"pathogenic DC-4 strain and three other 1solates selected for

diversity of natural environment and non-pathogenzcity (i e.,""

_ CT-S, a swimmxng pool isolate. FT-52, a flsh tank isolate.' ..

-d;and-DC-l. a non—pathogen sampled from the same site as the

-pathoqen, DC—A. NB-l, a Iaboratory Naeglerra strain long

‘e

uged as a tool for the study of cell differentiatlon,wgs {"'

used as a standard, or control.. _._: B R T n Y

TN

-,




e o o 125
o e ‘ B ' " /
The' followrng studies were conducted.

EE LI The cultural needs of the various isolates were esta-

3

blished and 1t was found that the pathogenlc stralns lnltlally R

required non*nutrient agar wrth live’ bacterla to thrlve.- This
- -

is in agreement withcthe f;ndings of other 1nvest1gators.

ALl other isolates grew well on NM- medlum (a drlute salt

medium) thh Aerobacter and the pathogens adapted rapldly to,
: this medium too, ’ '
.i)‘ 5, The temperature that produced the best growth under
faboratory condrtxons was established and the generatxon tlne,'
. or doubling rate, of each of the lsolates was ascertaxned
"3 at 32 C and 37.5 C. The pathogen (DC 4) was found - to have )
-an extremely rapxd generatxon trme at 37 5 C but a rate well
below the other four strains when grown at 32 C. FT- 52 “
°1ow virulence pathogen. had a sxmllar doubllng rate at ‘both

temperatures 3uggesting a w1de temperature range for growth

Dc-l. . CT-8 and HB-l grew much slower at the elevated tempera-_
ture than at the 1ower temperature.*

)

‘%3 'j(:} The highest temperature at Uthh a partlcular straxn B
would proliferate was afso establxshed. Both pathogenlc o
iaolates grew at temperatareS(well above no'mal body temper-
ature (i.e., PT—52 grew at 40 C. DC 4 at 43° C) whrle _the -
non—pathogens were unahle to sustain growth at temperatures '
'abovo 3B° .' The most distinctive and con51stent feature f

‘ found within the five straihs stUdled was the thermophrlrc

: nature and temperature tolerance of the pathogens., Thts
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finding concurs hith studles conducted by Grlffln (1972)

3) ) Haeglerla amoebae when rmmersed in an’ aqueous env1ronﬂ‘_

P

- ment transform from the amoceboid form to a. flagellate form -

possesslng usually 2 flagella. This transformatlon is rapld
synchronous and reproducxble usxng standard transfornatlon

techniques and the T O(time at which 50% of a glven populatlon

' of azoebae haVe transformed}‘can be conszdered 4 constant for

.
a partlcular straln. ‘The rate of amoeba—to flagellate trans—.

formation for NB-l is vell documented (T =69 mlnutes). The
isolates all transformed readlly and had TSO s as follows-
DC -1, 73 minutes. DC—4 70 mxnutes,,CT—S 61 mxnutes. .FT- 52 :A

58.5 minutes' and NB—I 69 5 mlnutes. Therefore, 1t seems

.5apparent that the rate of transformatlon cannot be used to:

differentiate between pathoqenic and non—pathogenlc stralns.
A

at shock with sub—lethal temperatures during the

transforma‘ion incubatlon perlod has been found to dlsrupt

the metabolic processes and dramatxcally increase the number

of flagella per cell (Danle. 1970) - Amoebae of the varlous
atrains were’ incubated at 38°C for 40 minutes and then trans- .
ferred to normal transformatxon temperatures. The non-pathogenlc
atrains were affected by the elevated temperature and developed :
significantly more flagella than under normal transformatxon

conditions, whereas the pathogean'Btrains were llttle

atfectad/by the 38 C incubation and/rhexr flagella count was’

. only altered sliqhtly. The results of the transformatlon and

haat shock studies cannot be compared with those of others in

"

the field for none, at least to the best of my knowledge,,

- . . Lo . 3 . . L .
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- to prevent contamintxon of the surroundlngs.:..

pathogenic and non—pathogenxc straxns By other lnvestlgators.~

-

have conducted these tests on. pathogenic straxns under ”ﬂ

2 o . W

similar controlled conditions._r' »

% 3

4} The cyst su:vival abilltysand v;abxlxty after storage v

was tested and all strains were found capable of surv1v1ng

d? .
‘on. HNA plates at room temperatures Snd 1n a moist chamber for
- at leaat 19 weeks {the length of the cyst survaal study)

~ One stra;n. FT—SZ although capable of surv1v1ng on NHA

plates, remaxned v;able for on%y 14 weeks when stored on N
plates.w This aqrees wlth cyst surv1va11studles‘tonducted on

v %

; Cyats and amoebae of the various stralns were also

tested for abxllty/to wlthstand alcohol and soap solutlons.='

)

The amoebae'were extremely susqeptlble to desxccatlon by l% -

e\

‘and 2! soap 501utions.and by 70% ethanol. The cysts were

° . . N S

h&rdy and surv1ved 24 houxs 1mmersxon in soap SOlUthDS fol-

-

lowed by 34 hours drying at room temperature but were not

“viable after 24\hours immersion in 70% ethandi.- Although

the amoehae can easxly be destroyed by normal laboratory '

LR

' cleanaera, the cysts are capable of surVvang adverse condl—'

‘o
— N

tiona and possibly extensive storage perxodsa Theréf3¥e,».“

» B
: o

.
oo

The survlval of cysts in soap solutxons l? conEra-', '
B _l . N .,

dictory to results regorted by Certer (1970).‘ Extenszve"

>

%

-wa’ shing of the cyst suspension after remova}%from the test-»

solution 13 essential to remove resxdual incubatxon matesxal,_g

extrene care should be exercised when handlxng cyst culturesgds




$y

',dosage andgthe surviVAl time "f fatalltles. S

fzom‘the cyst walls. Retent1on of soap solut;ons or alcohol

,uithxn the cyst wall would 11Pe1y lcad to 1y515 of the.

imoeba - at excystment.; T o e
R \ N o . : n
51 Measurements and morphological obsorvatlons were
r o
made on the various straxns and comparlsons here made between'-
. 2 T -

"..the straxns and wlth pathogenic and- non—pathogenlc studles S

3done by other 1nvestigators. The pathogenlc DC- 4 does not

e

"xhavo definxtive pores in the c;st walls- thlS 1§ consxdered

et

by some 1nvestigator5 to be a éharacterlstlc of pathogenlc

o

stroins.. In alleother reSpects, the stralns feyﬁ well wlthln o

the dimensions reported by others and thelr morphology,

. -

1mitotic events. 1ocomotlon, protop‘asmlc organelles, etc...'

"could not be used for differentxatlon or dlagnostlc punposes. o

61 j‘ The experimcntal pathology Studles (Dc-4) 1nc1uded

‘. /.
tests £or a correlatxon between lnocuium size and number of

] & % _
f;taiities as well as~a possible relatlonshxp between.lnoculum -

size nnd survival time of those succunblnc to PAME. There Was

a poﬁitive relationshlp between dosage sxze and fesulting

k]

"fatalities but no correlatxon could be found betwe?\dLPeﬁii7

L - ) - SR

An observation made durxng the prellnznary tests for

'pathogenicity led to studzes concernlng the-possxble recovery-=

'olfot animals obv;ously infestad with amoebae and possxble in

2 m . ‘

;uksome stage of PAME. - This phenomenon had hpt been reported by-

| other investigatota and is perhaps the most important flndlngfr”

“to cme out of thj.s study.~ Clm:.cal observat:.ons of severely‘

B % . - .
P . . @
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) df;orrgntcd animals snowedltnut many‘of tnese'sane‘dnimcls
?evenpuaily recovered conpletelur In further Studles, half of.
the animals in. each test group were sacrxficed at Day 1 and
hthe-other-half observed-for PAME synptons ‘and. fatalléies.
-It uas found in all cases that the number of sacrlflced

féanimala thh amoebic 1nfestatxon cxceeded b} a minimum factor'

of 2, the number of animals actually succumbing to the dlsease._

" This aPPlied to animals welghlng 10 g., 15.; and 20 g. as well.

- asm when different inoculum sxzes were: tested. These flndlngs

b-suggest that PAME may not be as fatal a dxsease as preV1ously

supposed or that Strain DC~4 differs from other pathogenxc ”.-

P 3 5

igolates in virulence.'

Lo !
: ¢

The resistance or Susceotlb'lityroflanihals inldiffer--'
' ent wetht groups was tested ng}results were 1nconciu31ve o
'.'but suggested that although larger anxmals m;ght succumb at
: the same rate. they had a’ 10ng er: survxval tlme than the
ismallest animals tested : L L
| Since there had been much dlscu551on in SClentiflC

papers concerning thn most suitable medla to use for pathogenlc

1,qrowth and it had been found that Lnlt;ally DC—4 grew well

i \\ only on- NHA with 1ive bactcria,‘experlnents were conducted

o test the effects of NM on amoebae growth and vzrulence.

Possible enhancement or reductxon of vxrulence was not noted

o vith.the Nn—grown amoebae and, lndeed NM- and NNA—grown

:jamoebaa produced the same fatallty rate (1 e., 42%) when--l
ftested under similar experimental condltlons.

&
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_ étrainiDC—4,'the'only strain ueed ror the'erberimental'
lpathology studics, demonstratcd a vrrulence and produced - ;

3'fatalities within a survival tlme ‘that correlated well®with

studiesjconducted uslng pathogenrc Naeglerra lsolated from
-_PAHE victmms.h The specxcs of.DC-4rwas not determlned and

-t further atudlcs should be conducted on  this partfcular straln.
| Serologrcal tests would 5#19 establlsh whether DC-4 ‘was

ﬁ.'i eri, H. fowlcri or an rntermedlate etrarn., Also,v

:_ further electron microscope stud1es would determrne posrtlvely

the presence or absence of drscrete pores in the cyst wall

; structure and also qurte lrkely would show the means of ex- t
-cystment. whether through auch pores, 1f found, or by rupture
‘of the cyst wall. | _

' As far as the southern Ontarro ‘scene is. concerned

the ponsibxlrty of -a PAME occurrence cannot be negated srmg\y

'because the‘disease has never been reported rn Canada. APatho—
genic Raééleria has now been damonstrated to be present 1n {jf‘?e'

our waterwayq and probably capable of cau51ng drsease 1€,

' and when, a susceptible person comes_rn contact ‘with the

L
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