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ABSTRACT 

Pathogenic free- living amebae (PFLA), of which 

N aegleria £owleri was the predominant pathogenic species, 

were isolated from 6 out o£ 10 pools sampled from the 

Hamilton, Rotorua and Gisborne Health Districts. The 

majority o£ these PFLA contaminated- pools occurred in the 

Matamata- Taupo region, and this localized geographical 

distribution appeared to be influenced, in part, by the 

particular physical and chemical properties o£ the pool. 

'High- risk' pools, which exhibited a high incidence o£ 

isolations o£ PFLA, were shown to be natural pools, 

i.e. soil enclosures, as opposed to concrete constructed 

pools. PFLA were also isolated from the soil, and it was 

thought that soil acted as a reservoir o£ PFLA. No sea­

sonal distribution in the occurrence of PFLA in thermal 

pools was noticed. 

A comparative study on the disinf ecting potential o£ 

chlorine, chlorine dioxide, ozone and deciquam 2 2 2  f or PFLA 

showed that all 4 disinfectants possessed amebicidal pro­

perties, but only at higher levels than those normally used 

for disinfecting bacteria. 0£ the 4 disinfectants, deciquam 

2 22 proved to be the most effective amebicide, followed by 

chlorine, chlorine dioxide and ozone. 

An immunological survey of normal human sera for the 

presence o£ antibodies to either 

N aegleria and Acanthamoeba spp. 

had a titre ranging between 1/5 

pathogenic or non- pathogenic 

established that human sera 

- 1/2 0  for Naegleria spp. 

and between 1/5 - 1/80 for Acanthamoebae. No discrimination 

in titres was observed between blood groups or sexes and 

£luorescein-label£rl class-specif ic immunoglobulins showed 

that these antibodies belonged mainly to both the Ig M and 

lg G classes. It w as also shown that fresh adult human 

sera, as opposed to cord or specific hyperimmune-rabbit sera, 

contained a heat- labile neutralizing £actor which inhibited 

the formation of cytopathic eff ects (CP E) in Vero cell 

&:c ,_, � I �; l .. 
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culture by Acanthamoeba culbertsoni, but not by N. £owleri. 

Homologous, as well as heterologous antigens o£ Naegleria 

spp. were however, shown to c ross-reac t with both the 

in vitro, macrophage inhibition £actor assay, and in vivo, 

delayed hypersensitivity, c orrelates o£ cell-mediated 

immunity. 

Finally, this study also demonstrated that both patho­

genic and non-pathogenic species o£ Naegleria and 

Ac anthamoeba sec reted both an extracellular phospholipase 2 

and lysophospholipase into their axenic c ultures. The rela­

tive produc tion o£ phospholipase 2 correlated with the for­

mation o£ CP E in Vero c ell c ulture by either amebae, or by 

c ell-free filtrates from axenic c ultures o£ amebae. The 

relative level o£ production of this enzyme appeared to 

influence the virulenc e and hence pathogenic -potential of 

these micro-organisms. 
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PREFACE 

Since the f irst reported cases in N ew Zealand in 19 6 8  

o£ primary amebic meningo-encephalitis (P AM) (Mandal et al., 

1 970) the small free-living amebae o£ the genera 

Acanthamoeba and N aegleria have been o£ great interest to 

the New Zealand Department o£ Health. Locally it is known 

as 'Hot-P ool Meningitis' and there have been 7 conf irmed 

cases o£ the disease all due to N ae0leria £owleri and all 

contracted after swimming in thermal pools in the central 

North Island (Cursons et al., 19 78b). S ubsequently, these 

pathogenic free-living amebae (PFLA) (Adam et al., 197 1) 

have been shown to be responsible £or a number o£ diseases 

ranging from chronic illnesses such as respiratory inf ec­

tions (Martinez et al., 19 75) and humidifier £ever (M.R.C. 

Symposium, 1 9 7 7) to blindness (Visvesvara & Jones, 1 9 75). 

The apparent ubiquity and ease o£ isolation o£ these 

amebae from the environment stimulated a program (initiat ed 

by the New Zealand Department o£ Health and run by the 

National Health Institute) o£ isolating amebae from specif ic 

thermal pools. Later this program was extended under con­

tract to Massey University to cover 10 thermal pools in 3 

different Health Districts, with the aim o£ sampling the 

pools £or the presence or absence o£ PFLA and trying to cor­

relate their presence or absence with such parameters as the 

chemical composition o£ the waters, pH, temperature, and 

numbers o£ bacteria. In addition, comparative disinfection 

tests were carried out using a variety o£ compounds to ob­

serve their respective amebicidal properties. Because o£ 

the repeated isolations o£ PFLA from some N ew Zealand thermal 

pools, an immunological study was also undertaken. It was 

hoped to explain the enigma o£ the human population's appa­

rent immunity to these amebae, despite their pathogenicity 

and distribution. Finally, the virulence o£ these amebae in 

relation to their pathogenicity was also studied. 
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CHAPTER 1 : INTRODUCTI ON 

1 . 1  The Hi s to ry of Free -Living Amebae as D i s e ase  Agents  

1 

The hi s to r y  of pathogenic f r e e - li vi ng am ebae 

( PFLA ) of t he gene r a  Acanthamoeba and Naeg ler i a  has  

been extensi vely reviewed e l s ewhe r e  ( Culber t son , 1 971 ; 

D um a  et  al . ,  1 97 1 ; Chang , 1 9 7 1 , 1 974a ; Car te r , 1972; 

Cu rsons , 1 974 ; Cursons & Brown , 1 976 ) . In  an exten ­

s i ve survey on the wo rldwide dis t r ibution of cases  of  

primary amebic meningo-enceph al i t i s  ( PAM ) , Wi l l ae r t  

( 1 974 ) t abul ated 8 4  c ases  f rom a l l  continen ts wi th the 

except ion of An t arc tica . Prior to 1 9 68 , mos t c as e s  

we r e  at t r ibu ted to Acan thamoeb a spp . Thi s is  pos sibly  

a reflec tion of Culber t s on ' s  pioneer ing wo rk , which 

demons trated that an amebic meningo- encephali tis  i n  

both mi ce and primates could b e  c aused by the A - 1  

s t r ain of Acan thamoeba ( Culber t s on e t  al . ,  1 958 , 1 9 5 9 , 

1 9 65 ) . Howeve r i n  1 968 , Butt  e t  al . ,  Carte r , and 

Culbe rt son e t  al . ,  s howed that t he incrimi nating 

species of mos t  r epo rted cases belonged not to the 

genus Ac anthamoeba ,  but to the r e l ated genus 

Naeg leria . I n  1 970 on the bas i s  of  morpho lo gical , c u l ­

tur al and p a t hogeni c i ty diffe r ences , Car ter named the 

pathogenic spec i e s  Naegleri a fow ler i .  

Subsequen t t o  Wi l l aer t ' s  review of 1974 , the r e  

have been a t  leas t 8 o t her r epor ted c ases  o f  PAM 

( Tab le I ) . 



Tab l e  I. Cases of Primary Amebi c Meningo - encephalitis repo r t ed af ter 1974. 

Count ry Year 

New Zeal and 1 9 7 4  

1 974 

U.S.A .  1 9 74 

1 9 75 

Venezuela 

P e r u  

Zambia 1972  

Kor e a  1 958 
-----

Number 
of c as es 

1 

1 

1 

1 

1 

1 

1 

1 
-- ----- -

Causative 
Organi sm 

N .  f owl e r i  ( M sT ) 

N .  fowle ri ( Lovel l )  

Acan t h amoeba sp . 

Ac an thamoeba sp . 

A .  cu lbe r t soni 

A .  cas t e l l anii 

Acan thamo eba sp . 

Acan t hamoeba sp . 
- - -

-
-- ----- --- - - �-

I FAB = i ndi re c t  f luorescent antibody 

CSF = cerebro - spinal fluid 

Di agnosis  Reference 

i s olation Cur sons 
from CSF e t  a l . , 1 9 7 6b 

i s olat ion De Jonckheer e ,  
from CSF 1 9 77 

I FAB Mar tinez 
et a l . , 1 9 77 

IFAB , Hoffman 
pos t -mor tem et  al . , 1 9 78 

Mar tinez IFAB 
et  a l . ,  1 97 7  

IFAB M ar tinez 
et al . , 1 9 7 7  

po s t  - m  o r  tem Bhagwandeen 
et al . , 1 975 

pos t -mo r tem Rings t ed 
e t  al . , 1 9 75 

' 

I I 

N 



Conceivab l y , t he ac tual nu mber o£ c ases  may be higher 

si nce t h e  s ymp t oms o£ PAM par a l l e l  those o£ asep t i c  

meningi t i s . R e t rospec tive s tudi es have di s c l osed a 

pos sible case dat ing back to  1 90 9  ( Symmers , 1 969 ) and 

f l uorescent antibody s t ai ni ng has confi rmed th a t  the 

1 948 c as e  repo r ted by Der r i ck , originally thought  to be 

due to I odamoeba but sch lii was in  £ac t caused by 

N. £o wl e r i  ( f\1cMi l l an ,  197 7 )  . L a ter  PAM cases were  

di vided i n to two types : 

i )  a swimming -as soci ated acu t e  meningo -enceph al i ti s  

caused by Naegleria £owle r i  and 

ii ) a non- swimmi ng -associ ated c h r onic meni ngo­

enceph al i ti s  caused by a variety o£  pathogenic 

Ac an th amoebae , no tably Ac an th amoeba cu lber t soni , 

Ac an thamoeba cas te l l anii and Ac anthamoeba 

po l yphaga ( Ch ang , 1 9 74a) . 

Subsequent l y ,  Ac ant hamoeba spp . h ave also been indi c t ed 

in a numbe r o£ chronic i l lnes s e s  s uch as respi r at o ry 

infec t ions ( Ma r t i nez e t  al . , 1 975 ) , corneal ulcer ation 

o£ the  eye ( Nagington e t  al . ,  1 9 74 ;  Visves var a & J ones , 

1 9 75 )  and toge ther wi th Naegl e r i a  spp . , in  humi di fier  

£ever ( M . R . C .  Symposium ,  1 9 77 ) . The  reidenti£i cation 

o£ the ae tio logi cal agent s  o£  t h e  1 968 cases o£  PAM in 

New Zealand as  N .  £owle r i  ( Cursons & Brown , 1 975 ; 

Cursons e t  al . ,  1 976a)  h as di smi s sed th e notion o£ s lime 

moulds bei ng invo lved in the aet i o logy o£ PAM ( Mandal 

e t  al . ,  1 9 70 ) . 

The cont roversy regarding the c lass i fi c at ion o£ 

PFLA ( Cursons & Brown , 1 976 ) appe ar s  to be se t t led wi th 

the consensus pr efer ring Chang ' s  ( 1 971 ) c lass i f i c at i on 

sc heme . The i dentification o £  i so la tes involves the 

exploi t ation o£ specifi c cyto logi ca l , mo rpho logic al , 

phys i o l ogi cal , immunologi c a l , growth and p athogen i ci t y  

char ac ter i s t ic s  i n  an o rdered s e quence ,  readi l y  us ab l e  

b y  hospi t a l  and publi c heal th l aboratory s t a££ 

( Cursons & Br own , 1 976 ) . 

3 



1 . 2  Occurrence and Distribution 

The free- living amebae appear to be truly 

ubiquitous organisms. Isolations have been re­

corded from a variety of environmental sources 

4 

such as air (Kingston & Warhurst, 1968), humidifi­

cation systems (M.R.C. Symposium, 1977), freshwater, 

brackish and ocean sediments (De Jonckhcere et ctl . , 

197 5 , De Jonckheer<...! & Van De Voorde, 1977a; Brovm & 
Cur sons, 197 7; Sawyer et al. , 1 977; Stevcns et al., 

1 9 7 7a; Wellings et al., 19 7 7) . They have also been 

isolated from chlorinated swimming and domestic 

waters (Cerva, 1 9 71a; Anderson & Jamieson 19 72; Cerva 

& Huldt, 1 9 7 4) , from bottled drinking wate r (Desmet­
Paix, 1 9 74) , from a home dialysis unit (Casemore, 

1 9 7 7) , from soil (Anderson & Jamieson, 1972; Wellings 

et al. , 1 9 7 7 ;  Cursons et al., 1 9 78b) and from sewage 

(Singh & Das, 19 72; Chang, 1 9 7 4a). Isolations have 

also been recorded from cell cu ltures (Jahnes et al . , 

195 7; Stevens & O'Dell, 197 3 a; Willaert et al . , 1 978), 

throat and nasal cavities (Elridge & Tobin, 1 9 6 7; 

Cerva et al. , 1 9 73; Chang et al. , 1 9 75) , eyes 
(Nagington et al . , 1 9 74, Visvcsvara et al. , 1 9 7 5 ) , 

gastrointestinal washings (Hoeffler & Rubel, 19 74) , 

cold blooded vertebrates (Frank, 197 4), snails (Kingston 

& Taylor, 1 9 7 6 )  , and fish ( Taylor, 1977) . Variable 

physical para..11eters such as temperature and pH ar� 
equally tolerated over a wide range with in vitro 

growth reported up to 4 5
°

C (Griffin, 1972) and a pH 

range of 4.6 to 9 . 5  (Carter, 1 9 70 ). This apparently 

ubiquitous distribution is no doubt due to the posses­

sion of resistant cysts enabling PFLA not only to 

withstand unfavourable c onditions but also to take ad­

vantage of the intermittent occurrence of favourable 

conditions, e.g. the isolation of pathogenic 
0 

Acanthamoebae from 2 C (Brown & Cursons, 19 7 7 ). 

The distribution of the pathogenic species in 

relation to non- pathogenic ones is still unknown. In 

general non- pathogenic species are more prevalent at 
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ambient temperatures in temperate zones. The re­

peated isolations of PFLA :from waters above ambient 

temperature, i.e. � 30°C (D e  Jonckhcere et al., 1975; 

De Jonckheere & Van De Voorde, 1977a; Stevens et al. , 

1977a; Wellings et al . , 1977; Cursons e t  a l ., J.978b), 

combined with their higher optimum temperature of 
growth (Griffin, 1972) suggests that pa i. hogenic amebae 

are environmentally selected over non-p athogenic 

amebae in waters above ambient temperature. The source 

of pathogenic amebae in these waters is unknorm. 

Cursons et al. ( 1978b) and Wcllings et al. (1977) have 

suc cee ded in isolating PFLA :from the soil, the pre­

ferred habi t at of small :free-living amebae (Singh, 

1975). Thus it is possible that so · l acts as a reser­

voir o.f pathogens in the same way it does for 

Cryptococcus, and that contamination occurs via run­

off after rain. 

1.3 Infection 

The invasion of organs and tissues by PFLA is 
now well documented. The suggesti on that invasion by 

Naegleria occurs primarily via the nasal mucosal 

epithelium because of the pa t h o l ogic al condition of 

t h e cribriform plate and subjacent nasal structures 

(Culbertson, 1971; Carter, 19 72) has been verified by 
Martinez et al. (1973). Using mice they demonstrated 

that amebic invasion occurs through the disruption of 

the olfactory mucosa, penetration into the submucosal 

plexus and ultimate passage of the amebae through t he 

cribriform plate to the central nervous system. A 
similar route of invasion may also occur via haema­

togenous spread from the pulmonary, genitourinary and 
systemic circulation (Culbertson, 1971; Martinez 

et al., 1975, 1977) . Once invasion of the brain has 

been established, destruction of surrounding brain 

tissue is thought to be brought about by a combination 

of phagocytosis and pinocytosis of host tissue by 

N .  fowleri and solely by pinocytosis in the case of 



A. culbertsoni (Visvesvara & Callaway, 19 74; 1\lai t ra 

et al., 19 74, 19 76 ) . The possession of appropriate 

lysosomal hydrolytic enzymes for endocytosis of host 

tissue in both amebae has also been shown (Bowers & 
Korn, 19 73; Childs, 1973; Ryter & Bowers, 1976 ; 

Fel�1an, 19 77). The examination of sections from 
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brains infected with either N. fowleri or A .  culbertsoni 

reveals areas of extensive demyelination with the t ro­

phozoites of the amebae surrounded by a clear halo 

(Martinez et al., 19 75; Chang, 1976 ; Maitra et al., 

1976) . 1\lany au t hors have speculat ed on the possibi­

lity that enz)mes secreted by the amebae are respon­

sible for this and indeed, cytotoxic e nzyr.1es have been 

shown to be liberated by both patho0enic N aegle r ia 

and Acanthamoeba spp. (Chang, 19 71, 19 74u.; Chang 19 76; 

Visvesvara & Callaway, 19 74; Visvesvara & Balamuth, 

19 75; Cursons & Brown, 19 76 , 1978 ; 1\laitra et al. ,  

1976) . The ability of pathog e nic and non-pathogenic 

:free-living amebae to pr oduc e phospholipases h<1s also 

been shown by Elson et al. (19 70) , Chang (19 71, 19 7-ta, 

1976), H<1x et al. (19 74) , Victoria and Korn (19 75) , 

Visvesvara and Balamuth (19 75) and Cursons et al. 

(1978c) . The level of production of such cytopathic 

enzym.es may explain the differences in virulence 

reported amongst Acanthamoeba and N . fowleri isolates 

(Culbertson, 1971; De Jonckheere & Van De Voorde, 

19 77b) . 

1. 4 Immunity 
Because of the frequency and ease of isolation 

of virulent PFLA from the envirorunent, many authors 

have been puzzled as regards the low incidence of ln­

fection by PFLA in the human population (Anderson & 

Jamieson , 19 72; Cursons et al., 19 76b, 1977; John 

et al., 19 77; Wellings et al. , 19 77; Haggerty & JQhn, 

19 78 ) . This has led many authors to speculate upon 

the existence of probable host rel ated susceptibility 

factors and the demonstration of specific antibodies 
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to free- living amebae in human sera has been reported 

(Chang & Owens, 1 964; Elridge & Tobin, 1967; 

Culbertson, 1971; Edwards et al. , 1 9 76; Cursons et al. , 

1977; M. R . C .  Symposium, 1977; Tew et al., 1 9 77). 

Adams et al. . ( 1 9 7 6 )  reported that mice surviving a 

primary intravenous infection with N .  £owlcri were 
subsequently resistant to a further challenge by the 

same route with a dose of amebae that produced uni­

formly fatal disease in untreated control mice. This 

group further demonstrated that mice immunized with 

live or formalized N. fowleri, or live N. gruberi 

subcutaneously (S/C), intraperitoneally (I/P), intra­

venously (I/V), or intranasa lly (I/N), were signifi­

cantly protected against a subsequent challenge with 

N. fowleri (John et al., 1 9 77 ) . The role of cell­

r.lediated immunity (CMI) in resistance to infection by 

N .  fowleri was reported by Diffley et al. (1976) who 

demonstrated that guinea-pigs surviving a normally 

fatal challenge with N. fowleri, exhibited a delayed 

hypersensitivity (DH) response when tested intrader­

mally (I/D) with a soluble fraction derived from 

N. fowleri. Thus support is given for the hypothesis 

that Man's unwitting exposure to the more ubiquitous 

non- pathogens may actively immunize him against chal­

lenge by PFLA (John et al., 1977). That some innate 

iP.liDunity exists was shown by Wong et al. ( 1975d & b) 

who demonstrated that primates were apparently 1mmune 

to I/N or I/V inoculations of N. fowleri or 

A. culbertsoni unless on immunosuppressive drugs. 

However intrathecal (I/T) inoculations were shown to 

cause an amebic meningo- encephalitis. 

1.5 Disinfection 

The finding of PFLA in chlorinated domestic and 

swimming waters (Cerva, 1 9 7 1a ; Anderson & Jamieson, 

1 972 ; Cerva & Huldt, 1 9 74 ;  De Jonckheere & Van De 

Voorde, 1976; Lyons & Kapur, 1 97 7 )  has led to an ex­

pression of concern by public health authorities over 



the possible contraction of P�l v1a these waters. 

Cerva ( 1971a) , after a review of 16 fatal cases of 
P�� in an indoor chlorinated swimming pool, stated 

that, 'the constant presence of nur.1erous popula tions 

of the limax group cannot be prevented even under the 
strictest observations of all routine safety measures 

applied to water systems of swimming pools.' In 1972 

Anderson and Jai!lieson reported a case of PAM in South 

Australia the victim having played submarines in 

domestic bath-water, and, that superchlorination to 
-1 

10 mg. 1 failed to eradicate Naegleria from a con-

t�inated pool. Subsequently, Derreumaux et al. , 
-1 ( 1974) demonstrated that 0.5 r.1g. 1 of HOCl, the 

8 

active disinfecting component of chlorine disinfection, 

was able to eradicate both Naegleria and Acanthamoeba 

spp. De Jonckheere and Van De Voorde (1976) found that 

an initial concentration of chlorine between 0 . 5 -
-1 

1.0 mg.1 was cysticidal for Naegleria spp. but that 

A. culbertsoni 
-1 

cysts were not inactivated by 40 EHJ.l • 



CHAPTER 2 :  SAMPLING SI TES 

2 . 1  I ntroduc tion 

9 

A l t hough t he rmal spri ngs are s i tuated in both t he 

Nor th and Sou th I s lands o£ New Zeal and , the maj o r i t y 

lie  wi thin the Taupo V o l c anic Zone ( a be l t  wh ich e x ­

te nds f rom t h e  Ton g ar i r o National  P ar k  t o  Wh i t e 

I s l and ) emph asizi ng their vo l c an i c  as soc i a t ion ( An 

Encyc lop edi a o f  New Zealan d , J 9 66 ) . The r e  are two 

main t he o r i e s  as to t h e i r  o r i g i n :  

i )  t h a t  t he wat e r  i s  m ai n l y r.1e t e o r i c , t h a t  l ::; , r_1 r ou nd 
wa t e r  whi ch o r igin ated as r ainfal l ,  b u t h as L e c ome 
he a t ed ei ther by c om i n g  i n to con t ac t  w i t h  hot rock 
or by s team ri sing fr om mc:L<Jma ( m o l t en r o ck ) and 

i i ) that m agm a , as i t  coo l s  an d c r ys t al l i z e s , con ­

cen t r ates s te am and o ther 0 a s e s  in the remai ning 

l i qu i d  por tion . Th i s  c aus es the pres s ur e  to r i s e  

un t i l  t h e  s team fo r c e s  i ts way o u t  of th e over ­

l y i ng r ocks , whe r e  i t  m ay e s c ape di rec t ly to t h e  
s u r f ac e  a s  vo l c an i c  s te am ,  o r  mor e  usual l y , be 

c ondens ed i n  the gr ound wate r se t ting up c o nve c ­

tion cur rents . 

Wh a t e v e r  t h e  o r i g i n  of t h e  h e a t , t he rmal i nves t i ­

g a t i ons h av e  s hown that the ho t - spr i ng ar e as o f  t he 

Taupo Vol c anic Zone are fed by w a t e r  at t empe r atures 

hi gher t h an 2 00
°

C .  The water at dep th i s  a t  a pres ­

s u r e  c o r r esponding to the weight o£  ground wa t e r  abo ve 
i t , b u t  as i t  r i s es t h i s  g r ad u al l y  dec r e as e s .  When 

the p r e s s u re b e c omes l e s s  than th at a t  boi l ing -poi n t , 

the w a t e r  boi l s  and gi ves of£ s te am ,  even tual l _ ,  r e a ­

c h i ng t h e s ur £ a c e  a s  a mix t u r e  of s team an d  boi l i n g ­

water . I t  i s  thi s  s team whi c h  s upp lies t h e  lnnume r ­

ab le s te am vents in each t he rmal are a ,  whi le t h e  ho t 

wate r f lows away as springs ( An Encyclopedi a of  New 

Zea l and , 1 9 66 ) . 

Fi g . 1 shows the locat ion of t hermal spr ings l n  

the No r t h I s l and . Al though s ome are comme r c i al l y  

dev e l oped , i . e . h aving c o n c r e t e  cons t r uc t ion and 
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s u r roundi ngs , wi th a v a r i ab l e  deg ree of hyg iene 

s uch as water fi l t r atio n  and di s i nfec tion , th e maJ o ­

r i t y are n at ur a l  th e rmal  pools , i . e .  wi th s o i l banks 

and su r r ou nded by nativ e f l o r a , having no water 

t r e atmen t o r  o th er me as u r e s  to preven t po l l ut ion . 

T r adi t i ona l l y ,  t he rmal poo l s  in N ew Z e a l a nd have be ­

come popu l ar wi th tour i s t s  fo r recreation and re l axa­

t ion , and because of th e i r  hi gh mine r al co n t en t , have 

al s o  been cons ide red o f  some the r ape u t i c  bene fi t ln 

the trea tmen t of ar th r i tic co ndi t ions . Mao r i  fo lklo re 

s ugges t s  that , ' one s ho uld s lowly imme r s e  one ' s  bo dy 

i n to a thermal poo l , '  and i t  is temp ting to specu l a t e  

on some p r ac ti c al p ur po s e , bo rne o f  exp e r i enc e , fo r 

th i s  advic e .  Al though no specific diseas e s  h ave pre ­
vi o us l y  been as soci ated di rec t ly �ri t h  p r io r  c on t ac t 

wi th th e rmal poo l s , non -specific di s eas es o f  the e ar , 

th roat and no se are common ( local Hea l th I ns pe c to r s , 
pe r s . comm . ) .  

The rmal poo l s  to be s amp l ed we re chosr.n a f t e r  
c o n s u l t at i on wi th the a t i on a l  H e a l  i h  I ns t i  t u t o.  and 
t he He a l t h  Depar tmen t s  of t he H �1 i l t n n , Ro tor ua and 

Gi sborne He a l th D i s t r i c ts . P revio u s  cases of PAivJ h ad 
been r e cor ded in bo t h  th e Ham i l ton and R o t o r u a  di s ­
t r i c ts , wh i le the Gisbo rne area was s amp l ed be c au s e  oL 

th e hi gh halogen ion c on t e n t  in  the thermal waters o£ 

th at di s t r i c t . 

2 . 2 Hami l t on Hea lth Dis t r ic t 

2 . 2 . 1  Waign aro Spr ings ( P la t e  1 )  

Si tuated nor t h -wes t of Hami l t on , th i s  pool 

was chosen as a comme r c i al ly deve loped ' co n t ro l ' 

poo l becaus e o f  the conc rete and t i l ed co n s t r uc ­

ti on o f  th e poo l and s u r roundings , whi ch r educ es  

so i l  contami natio n o f  th e water . Ove r a l l  the  

hyg ie ne is o f  a high s tandard wi t h  the pool  being 

emp t ied and s c ubbed wi t h  HTH ( g r anul ar C a ( OC1 ) 2 ) 

on a weekly bas i s , and the water being s ub j ec ted 



./ 
to a chlo r ination regime . The source o f  ho t -

water  i s  a natur al the rmal bore from wh i ch the 
water is pumped t h rough PVC piping to the poo l . 

The chemi cal and phys i c al char acteris t i c s  ar e 

given in  Tab le II . Samp les were t �cen f r om the 

poo l i t se lf . 

2 . 2 . 2 Moan a - i t i  Spr i ngs ( P l at e  2 )  

12 

Si t u ated e as t of Ham i l ton <md prev io us l y  

called Crys tal Spr ings , thi s s i te is  where  t h e  

fi rs t New Zeal and cas e s  o £  PAM were recorded . 

Subs equen t ly , the o ld natur a l  pool in whi ch t he 
c ases  were cont r ac ted has b een cl osed and r epl aced 

by a new co nc r e t e  poo l . Poo l hygiene i s  poor , the 

on l y  ch lorination being intermi t tent and £or the 

c on t r o l  o£ algae . Pool  s ur r oundings arc o£ g r a s s , 

and th us  so i l  con t amination via  bather ' s  fee t 
occur s .  O th e r  o r g anic deb r i s  ( e . g . leaves ) we re 

a lso s een in t h e  water when this si t e  w as inspe c ­

ted . The so u rce o f  h o t -wa t e r  i s  a n a t ur 1 t h e r ­
mal bor e ,  the c hemical  and phys ical c h a r ac t e r i s ­
ti cs o £  whi c h  are presented in Tab le  I I . Samp l inQ 

in the 1 976 s urvey was . £rom the poo l  i t s e lf , 

whi ls t in  the 19 7 7  s urvey , s amp les we re t ak e n  f r om 

the poo l i n l e t  and o u t le t . 

2 . 2 . 3 Opa l Spr i ngs ( P la t e  3 )  

Si tuated adj acen t t o  Moana- i ti ,  t he s e  are 

commer c i a l l y  dev e l oped pools of concr e t e  co n s t r uc ­

t ion . Al though n o  c h l o r ination o £  th e water  i s  

pr ac t is ed , poo l h ygie ne i s  £ai r  wi th the poo l 

being empt i ed and s c r ubbed wi th HTH o n  a weekly 

b as i s .  The s o ur c e  of ho t -water is a natur al th e r ­

mal bor e , t h e  c hemical  and phys ical ch ar ac ter i s ­

ti c s  of wh ich are given i n  Tab le I I .  The s amp ling 

s i te was us u a l l y  t he Jockey poo l wh i ch is subjec t 

t o  f looding from the adj acent Waihai Rive r . 
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2 . 2 . 4  Oko roire Spr ings ( P late 4 )  

Si tuat ed s o u th -wes t  of Hami l ton these arc  

concrete  thermal poo l s  wi th g r ave l bo t toms and 

s ur ro unded by high bush - cove red banks , thus s o i l  

c ontamination is hi gh . Poo l hyg i ene i s  poor , the 

h o t -water s ource being a th e rmal sp r i ng which per ­

c o lates up thr ough t he b o t t oms of the poo l s , the 

chemical and phys i c al char act e r i s t i c s  of whi c h  a r c  

pre sented i n  Tab l e I I . Samp les  we r e  t aken £ r om 
the Number 2 o r  Numbe r 4 poo l s . 

Tab l e  I I . Chemical and Phys i c a l  Ch ar ac te r i s t ics of Therm al 

Poo l s  from the Waikato He al th  D i s t r i c t  

Phys i c a l  and 
Chemi cal Wai gnaro Moana- i ti Opal Oko roi re  

Char acte r i s t i c s  

P H  9 . 6  7 . 1 7.1 6 . 9  
0 

Tempe r a t u r e  C 46 39 39 42 

Chemi c a l s  
- 3  g . m 

Li thium 0 . 09 0 . 20 0. 1 9  0.20 
Sodium 90 . 0  100 . 0 97 . 0  10 3 . 0 
Po t ass i um 0 . 0 7  1 1 . 0  10.7 1 5 . 4 
l'l agnesi um 0 . 1  12 . 7  1 1 . 5  12 . 2 
Calcium 0 . 75 1 1 . 0  10 . 7  .:5 . 6  
A l umini um 0 . 1  0 . 1  0 . 1  o .  1 
Si licon 22 . 8  32 . 4  30 . 3 59 . 0  
I r on 0 . 0 1 0 . 1 9 0 . 3 1 0 . 66 
Coppe r 0.01 0.0 1 0 . 0 1 3  O . O LJ 
L ead 0 . 1 0 . 1  0 . 1  0 .  1 
l\1 anganes e 0 . 0 1 0 . 09 3 0 . 1 02 0 . 084 

F l uo r i de 3 . 50 0 . 2 5 0 . 2  0 . 3  
Chloride 5 1 . 0  1 . 0 1.0 1 . 0 
B r omide 0 . 1  0 .1 0 . 1 0.45 
I odide 0 . 0 4 0 . 0 1 0 . 0 1 0 . 0 1  
C arbon ate 52 . 0  ni l ni l ni l 
B i c arbonate 2 0 . 0  384 . 0  370 . 0  369 . 0  
Sulphate 1 1 . 0  1 1 . 0  2 . 0 2 . 0 
Ni trate 0 . 2  0 . 2  0 . 2  0.49 
To t a l  Phosphate 0 . 09 0 . 45 0 . 52 0 . 58 



P l a t e  1 .  Wai gnaro thermal poo l . 

Pl ate 2 .  Moana-i ti thermal poo l showing in l e t  bo r e . 

N o t e  surrounding o rganic  debri s .  
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P l � e 3 .  O pal ' J o c k e y ' t h e rm a l  poo l .  

P l a t e 4 .  Oko r o i r e  ' No . 4 '  t h e rma l po o l . No t e  s ur­

ro unding v eg et ation. 
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2. 3 Rotorua Health District 

2. 3 . 1 S oda Springs ( P late 5 )  

Situated south -west of Rotorua, th is is a 

natural thermal pool within a f lowing river, th e 

h ot-water source percolating up th rough the bot­

tom. The ch emical and physical ch aracteristics 

of the water- supply are given in Table I I I .  

S amples were taken f rom th e pool itself . 

2. 3 .  2 B utch er ' s P oo l  ( P late 6 )  

Situated south -west of Rotorua this is a 

natural th ermal pool surrounded by dairy - f arm 

pastures . The hot-water source is a natural 

thermal spring which percolates up f rom th e pool 

bed. The chemical and physical ch aracteristics 

of th e water source are shown in Table I I I .  

S amples were taken f rom the pool itself . 

2. 3 . 3  Otumah eke Stream ( P lates 7, 8 & 9) 

Situated south of Rotorua 1 n  Taupo, this 

pool was ch osen as it was th e site of the most 

recent ( 1 974) f atal case of PAM in N ew Zealand. 

This also i s a natural thermal pool, the hot­

water source being a thermal spring. The ch emical 

and physical ch aracteristics are given in Table 

I I I .  S amples were taken either f rom the pool 

itself or f rom th e origin of the stream. 



P l a te 5 .  S o da t h e rm a l  poo l s ho wi n g  o v e r f l o w .  

P l a t e  6 . B u t c h e r ' s  th erm a l  poo l . 
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' l a t e 7 . Upp e r  O t um a h eke s t r e illn . 

P L \ t e  8 . i'vl o u t h  o£ O t um a h eke s t r e am and adj acen t 

Wai k a t o  River . 
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P l a t e 9 .  Old Wh ey so i l  s i t e  of O t umaheke s t r e am . 
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Tab le I I I .  Chemi c al and Phys i c al C h ar ac teri s ti c s  of Th e rma l 

P o o l s  f r om t he Ro t o r ua -T aupo He a l t h Di s t r i c t 

P h ys i c al and 
Soda Bu t ch e r ' s 

Mouth o £  Upp e r  
Ch emic al O t l.tm ah cke O t um ah eke 

C h ar ac t er i s t ic s Sp r i ng s  P oo l S t r e am  S t r e am 

pH 6 . 0  7 . 5  7 . 7 7 . 5 
0 

Temp e r a t u re C ) 0  J U  40 3 5  lf ) 
- 3  

C h emi c a l s  g . m  
L i t h i um 1 . 4  0 . 62 0 . 05 0 . 05 
Sod i um  2 0 6 . 0  1 73 . 0  2 3 .  0 44 . 0 
P o t as s i um 18 . 0  L 6 . 0 4 . 5 4 . 5 
l'I ag ne s i um 7 . 0  6 . 3 2 . 9 1 1 • 3 
C al c i um 8 . 6  6 . 5  4 . 6 1 0 . 2  
A l wni ni um 6 . 02 5  0 . 01 0 . 0 1 0 . 05 
S i l i co n 65 . 0 6 5 . 0 2 3 . 0 4o . O  
I r on 0 . 82 2 . 6  0 . 1 4 0 . 07 
C o pp e r  0 . 00 1  0 . 002 0 . 001 0 . 007 
L e ad 0 . 008 0 . 00 5 0 . 0 0 5  0 . 00 5 
1\l ang an e s e 1 . 3  0 '2 • --'  0 . 32 0 . 002 

F l u o r i d •  0 . 45 1 .  L 5  0 . 3  0 . 5  
C h l o r i de 2 49 . 0 5 . 0  1 '3 . 0 5 . 0  
B r omide 0 . 7 1 0 . 1 0 0 . 2 1 0 .  1 
I odide 0 . 08 0 . 0 1 0 . 0 1 0 . 0 1  
C a r bonat e ni l n i l ni l n i l  
B i c ar bonate 180 . 0  506 . 0  52 . 0  1 Cl7 . 0 
S u lph a t e  46 . 0 5 . 0 2 9 . 0  -+8 . 0 
Ni t r a t e  0 . 3 1  0 . 1 0 . 2 7  0 . 1 
To t al Ph o s p h a te 0 . 4 9 1 .  69 0 . 2 8  0 .  i 5 

2 .  -l Gi sbo r n c H e a l t h  D i s t r i c t 

2 . 4 . 1 T c  P ui a  ( P l ates  10 �:� 1 1 ) 
Si t u a t ed nor t h of G i s b o rnc , t h i s  i s  a c om ­

me r c i al l y deve l oped c o nc r e t e c ons t r uc t ed oo l wi t h  

t he h o t -w a t e r  s o u r c e  b e i n g  a n at ur a l th ermal 

spr i ng s i t u ated abo u t  1 5 0m from t h e  p o o l  in 

un s t ab l e t e r r ai n , among s t  long g r as s  and s p ar se 
n a t iv e  b us h . The w a t e r i s  ' piped ' to t h e  poo l vi a 

an open wooden t r o ugh wh ich i s  open to c o n s i d e ­
r ab l e c on t amination from the s u r roundi ng veg e ­
t a t i o n . Ove r a l l  h ygi ene i s  po o r wi t h  poo l main ­

t en ance being b ad ly needed . The chemi c a l  and 
physic al charac t eris tics of the poo l - w a t e r  arc 



g i ven i n  T able I V .  s ampli ng was no rm a l l y f r on 
t h e poo l i t s elf .  

2 . 4 . 2 Mo n� r e ( P lates 1 2  & l J ) 

2 1  

Si t u a t e d  s ou t h  o f  G i s b o r ne , t h i s  1 s  a c o n ­
c J: e t e  c o n s t r ue t e d  poo l , t h e  ho t -wat e r  s o u r c e  be · n (_J 

a na t ur a l  t h e r m a l  s p r ing s i t ua ted s ome S OU;c1 .L rc •P.l 

t i l e  p o o l .  Wat e r  is p i ped to the p oo l t h r u ug h  
c onc r e t e  and P VC p i pi ng . O v e r al l  poo l h)'�1 i e n c  l S  

f ai r .  T h e  c hem i c a l  and p h ys i c a l  c h a r ac t e r i :-: t. i c s  

a r e  g i v e n  i n  T able I V . 

f r om t h e  poo l i t s e l f .  

S ampli n <J  was g ene :r ;:, Ly 

l aG l e  I � . C l  emi c a l  and P hxs i c a l  C h a r ac t e r i s t i c s  o f  Thc r n a l 
P o o l s  f r om t he G i s bo r n e  l � al th D i s t r i c t 

r---------------------------�-------------------r------------------
h y s i c a l  and 

Chemi c al 
a1: ac t e r i s  t i c s  

p i  I 
T cP1per a t ur e°C 

- 3 Ch emic a l s  g . m 
i-it hit.un -
Sodit.un 
P o t a s s i UJ'1'J. 
ivl agnc s i  urn 
C a l c i um 
J\ l umini wn 
S i l i c o n  
I r o n  
C o pper 
L e ad 
l\l a. n g ane s e  

F l u o r i d e  
C h l o r ide 
B r omide 
I odide 
C a.r b o n a  te 
B i c a.r b o n a. t e  
S u l ph a t ( �  
N i t r a t e 
T o t a l  P h o s p h a t e  

N . G .  - n o t  g i ven 

Te Pui a 

7 . 2  

28 . 0  

12 . 2  
4, 400 . 0 

38 . 1 
5 . 9  

550 . 0 

67 . 0  
0 . 9 
0 . 15 
N . G .  
0 . 1 

1 . 5  
8 , 1 00 . 0 

27 . 6  
1 8 . 0  

n i l  
14 . 8  
7 1 . 0  

N . G .  

l\ lo r e r e 

6 . 7 

3 1 . 0  

5 . 4  
6 , 1 00 . 0 

1 00 . 0 
1 37 . 0 

3 , 900 . 0  

28 . 0 
0 . 4 
N . G .  
N . G .  
N . G .  

0 . 4 
15 , 600 . 0 

80 . 0 
2 5 . 0  

1 . G .  
N . G .  
N . G .  
N . G .  

, 



p t 1 0 . Ho t - w a t e r  s o ur c e  o f  Tc P ui a i ng s . 

Woo d e n  t r o ugh u s e d  t o  ' p i p c 1 t h c n'l a l  wa t e r  

f om h o t - wa t e r  s o ur c e  t o  t he Pui a p o o 1 . 
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P l a t e 1 2 .  l\1 o r e r c  t h e rma l ba t h s  pipe s upp l y . 

P l a t e 13 . H u t  en c losing Mo r e r e  t he rm a l  b a t h s . 
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2 . 5 Sampl e C o l lec t i on 

D up l i c a t e  1 . 0 l s amp les of w a ter o r  a quan ti ty 

of s o i l were c o l lec ted by the l oc a l  He a l th I nspec t u r s  

a t  e ac h  s i te , i n  s t er i l e Whi r l P ak bags ( ROBI !  SON 

DESIGNS , Auckl and ) .  Whe rever pos s i b l e ,  s amp l e s  we r e  

c o l lec ted f r om near t h e  bo t tom of t h e  poo l . Simu l ­

t aneou s l y , both t he pl i and t empe r at u r e  of t h e  water 

wer e  recorded whi ls t  r ainfal l and ambien t t empe r a t u r e  

r e adings wer e ob t ai ned f r om the near e s t  me t e r o l ogi c a l  

s t a t ion v i a  t h e  New Z e a l and l\le t e r o logi c a l  Serv i ce . 

The bags c on t ai n i ng water  we r e for warded to  ei t he r  

the loc al ho spi t al bac t e r i o logy l abo r a to r y , £o r bo t h  
a to t a l bac te r i a  and a t o t al e o ]  ii-orm co un t , o r  t o  

l\1 as se y Unive r s i ty £ or t he is o l at i on o f  arnebac . 

Gener a l ly ,  s amp les c o l lec t ed a t  the b e g i nni n g o .f t h e 
week ( 1\ londay o r  Tucs ay ) wer e proces sed on th�.�  Fr i d 0 y  

o f  t h a t  week . 

2 . 6  F r equency of Sampl i ng 

I n  th e 1 97 6  s ur vey , mo n t h l y  water s amp l es on ly 

we re c o l lec t ed from t he s i tes t o  cons ti t u t e a p r e ­
liminary s c r eening of the thermal poo ls fo r the p r e ­
s e nce o £  PFLA . Those poo l s  vvh ich exhibi ted a high 

frequenc y of PFLA i so l a tions dur ing the 1 9 7 6  s u r ve y , 

we r e  s i ng l ed o u t  for s amp ling on a mo r e  r e g u lar b as i s . I n  

1 9 7 7 , w a ter and s o i l  s amp les we r e  c o l lec ted o n  a we k l y  
basis f r om t h e  O t umaheke s t r e am s i t e , whe r e as .for t ­

ni gh t l y  w a t e r  and s o i l  s ar.1p les we r e  ob tained :f rom the 

H ami l ton s i te s . A l t hough the local  Hea l t h  D ep ar tmen t s  

ende avo ured to c o oper a te t o  the f ul l es t , o t her  work 
c om.mi tmen t s  o c c asion a l l y  prohibi t ed them f r orr1 c o 1 lec ­

t i ng the s amp les . 



CHAPTER 3 :  1\IATERIALS 

3 . 1 Am c b a  Cu l t u r e s  Used 

See To.b l e  V . 

T ab le V .  A111C'b<1 Cu l t u r c s  U s e d  

Spe c i e s  S t r ain 
.0J ac o l e r i a  NHI fow l c r i  

:'� a.cn l e r i a  
l'vl s T  fow l E� r  i 

l\ aeo l c r i a  Ts - 1 
f ow l c r i  

l\ ac o l e r i a 0400 j adi n i  

Na e9l c r i a  p 1 2 00£ n r ubc r i  

A c  ant h .cw10 e b a  A - 1 c u l bcr t so n i  

A c an t h amoeb a 1 5 0 1  
c a s t e l l an i  i 

A c an t h amoeb a 
1507 

r hys o de s 

A c an t h  amo 0ba f'2 3 
LEolvEhasp. 

+ = p u s i t i vc 
= n<? Q a t i v e  

P a th�CJenic i t y  -t:ourc: 

+ Nt H  

+ N i l l 

- Sf'l il( UL 

- Il\ITPL 

- N i ri 

+ CCAP 

- H I TPL 

- I MTPL 

- H-lTPL 

P L:1 · tr ·s 
--

1 7 

1 ·1-- '  1 ) ' 
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1 e , 1 0  

NHI = N a t i o n al I le al t h  I ns t i t u t e , tve l l i. n CJ t o n , r . z .  
SPl �UL = Sc hoo l o f  P ub l i c  He al t h , K at h o l i ek0 Un i v e r s i t c i t ,  

Le uven , Be l g i m1 
/ l M TPL = I n s t i t u t  d 0  M 6d c c i n c  T r op i c a l e  P r ince L eopo ld , 

B e l g i um 

CCAP = C u l t u r e  Ce n t r e  o£ A l g ae and P r o t o z o a  

2 5  



P l at e  14 . Sc anni ng e1 e ct ronm icro graph of N . grubc ri 

t r ophoz oit e .  Mag . e a  x 8 , 400 . 
( F rom Cu rs on s & B rown , 1 9 7 6 ) 

P l a t e  1 5 . S c anning e lectronm icro graph of N .  g ru be r i  

f l a gel late . Ma g . � x 4 , 200 . 
(F rom Cu rs ons e t  al . , 1 9 78 a ) . 
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P l a t e  1 6 . Sc anni ng e lec t r onroic rograp h of N . gr ub c r i  
c ys t . Mag . e a  x 1 0 , 000 . 

( F r om Cur s ons & B r own ,  1 9 7 6 ) . 

P l a t e  17 . S c annin g e lec t r onmic r ograph of N .  fo wl c r i  

c yst . J'v1ag. � x 10, 600 . 

( F r om Cur sons & Brown, 1976 ) . 
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P l a t e  1 8 . S c a nn i n g  c l e c t r o nmi c r o g r aph o f  A .  cas t e l l an i i  
t r oph o z o i t e . l\1 ag . � x 6 , 000 . 
( I' r om B r o wn  & Cu r s o n s , 1 9 77 ) . 

P l a t e  1 9 . S c anni ng e l e c t r o nmi c r o g r aph o £  A .  c a s t e l l an i i 

c y s t . f\l a g . � x 8 , 400 . 
( F rom B r own & Cu r s on s , 1 9 7 7 ) . 
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P l u. t e  20 . S c u.nni n g  e l e c t r ormi c r o g r u.ph o .t  A .  c u l b e r l s o n i 

cys t . tvl ag • .3 x 8 , 6 00 . 

( From Cu r s o n s  e t  u. l . ,  1 9 7 8 a ) . 
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3 0  

3 . 2  P l a t e  Medi a 

3 . 2 . 1 fune b a  S a l ine Agar ( P age , 1 9 6 7 ; Cu r s o n s  et a l . , 

1 9 7 8 a )  fo r  t h e  i so l a t i on of N aegl c r i a  s pp . 

3 . 2 . 2  Ameb a  1 %  S a l i n e  A9ar ( m o d i f i e d  f r om P age , 1 9 6 7 ) 

f o r  t h e i s o l a t io n  of Ac an th am o e b a  spp . 

N aC l = 1 0 . 0  CJ N a2HP04 
= 0 . 1 42 g 

M g S0
4

. 7H
2

0 = 0 . 004 g KH2P04 -- 0 . 1 3 6 g 
C aC 1

2
. 2 H

2
0 = 0 . 004 9 DAV I S  ag ar = 1 5 . 0  g 

D i s t i l l ed water = 1 . 0 1 

pH 6 . 8  

Au t o c l av e  at 1 0 3 . 4 kP a ( 1 2 1
°

C )  fo r 1 5 . 0  mi n .  

3 . 2 . 3  N . M .  Agar ( F u l t on ,  1 9 7 0 ) fo r p l aq u i n g  o u t  e i t he r  

N ae o l e r i a  o r  Ac ant h amoeb a spp . 

3 . 2 . 4 E . Y . Aga r  ( Cu r s o n s  e t  a l . ,  1 9 7 B c ) for the d� t e c ­

t ion of ex t r ac e l l u l a r  m i c r o b i a l  pho s ph o l i p as c s . 

So l . 1\. :  SI GMA l1.epe s b u .f fc r = 0 . 6 g 
C aC l2 

= 0. 0 4 4 <J 
NaCl  = 9 . 0  <J 
l\l<JC l

2
. 6H

2
o = 0 . 08 1  <J 

D I FC O  No be l a <J a r  = 1 0 . 0 <J 
D i s t i l led w a t e r  980 . 0  

J = cm 

pH 7 . 6 
Au t o c l ave a t  1 0 3 . 4  kP a  fo r 1 5 . 0  min . Coo l t o  
45

°
C t h e n  add 0 . 3 

3 
o f  OXOI D e g g - yo lk em u l -' cm 

s i  o n  t o  2 0  
3 

o f  So l . A .  cm 

The f i n a l  fo rmu l a t i on of t h i s a<Jar w as o n l y  

ach i e v e d  af t e r  e x t e n s i v e  t e s t i ng o f  b a r b i t a l , 

b ar bi t a l - ac e t a t e , p h o sph a t e  an d hep e s  b uffe r s  at 

di.f£e r e n t  c on c en t r a t i ons and pH ( Hab e rm an n  & 
H a r d t , 1 9 72 ) .  Of t h e  b u .f.fe r s  e x am i n e d , bo t h  
h epe s and b a r b i t a l  b u f f e r s  p r od uc e d t h e  h e s t 
r e s u l t s  but o n l y  a t  r e l a t i ve l y l o w  concen t r a ­

t i on s . The p l l  op t imum fo r ph o s ph o l ip as e  2 ( 1\ )  

w as fo und to be pH 7.5 wh i l s t t h a t  f o r  



lysophosph o l ipase ( B )  was more alkaline . Be ­

caus e th e buffe r i ng cap ac i t y  of hepe s i s  

be tween pH 6 . 8  - 8 . 2 ,  the alka l ine limi t i s  

8 . 2 .  

The presence and concentr ations of p ar ­

ticular c a t ions was found also  to be o £  impor ­

t ance . No pho spho l ip ase activi ty was ob served 

3 1  

2 + 0 
b 0 wi thout t he presence of C a  1ons c 1ng p re s en t  

0 0 
f 

2 + 0 
h d and the add1t 1on o M g  1 ons a lso a an 

enhancing eff e c t . 
2+ 2+ 2 + 

Zn , Mn , Cu , 

inhibi tory effec t 

I n  cont r as t ,  the pres ence o f  
2 +  

P b  o r  exces s EDTA h ad an 

on  phospholip ase ac tivi ty . 

3 . 2 . 5 Lyso lecithin Agar ( Habe rmann & Hardt , 1972 ; 

Curs ons e t  al . , 1 978c ) £or the de tec t i o n  of 

ext r ace l l u lar mic r obi a l  lysophospho lipas e s . To 

20 . 0  cm
3 

of So l .  A ( s ee M ater i als  3 . 2 . 4 )  at 45°C ,  

add 0 . 008 g of SI GMA L - o<- l ysophosphatidy l  cho l ine 

( type I ,  app roximately  98% ) i ns tead of the OXOI D 

egg - yo lk emul s ion . 

3 . 2 . 6  Haemo lyt i c  Agar fo r the de tect ion o£ h aemo l y t i c  

ac tivi t y  of ext r ace l lular mic r obial phospho l i ­

p ases . 

Phosph o l ip ase 2 :  To 20 . 0  cm
3 

of So l .  A 
3 

( see Mate r i al s  3 . 2 . 4 )  add 0 . 3  cm o£ washed 

e r y t hr ocytes and e i t her  0 . 3  cm
3 

of OXOID egg ­

yolk emulsion , or  bovine serum albumin t o  a final 

concen t r ation of 4 . 0%  ( W/V ) . 

Phospho lipas e 3 :  To 20 . 0  cm3 of Sol . A 
3 

( see Mate r i a l s  3 . 2 . 4 )  add 0 . 3  cm of was hed 

eryth rocy tes . 

3 . 2 . 7  Pro teinase Agar £or t he de tection of ex t r ace l l u l ar 

mic robi a l  pro t einases . 



Add 0 . 8  g skim milk powder t o  20 . 0  cm3 of 

So l .  A ( see  Materi als  3 . 2 . 4 ) , and auto c l ave at 

68 . 9  kP a fo r 1 0 . 0  min . 

3 . 2 . 8  DIFCO S t andard Methods Agar for t o t a l  bac t e r i a l  

counts . 

3 . 2 . 9  DIFCO Vio l e t  Red Bile Agar fo r t o t a l  co l iform 

coun ts . 

3 . 3 Axeni c  Hedia for Amebae 

3 . 3 . 1  P age ' s  Ameb a  Saline ( PAS ) ( P age , 19 6 7 ; Cursons 

et al . , 1 978d ) fo r dil uting out e i t her Naegle ri a 

or Acanthamoeba spp . and as a b ase for medi um 

CYM . 

3 . 3 . 2  CYM Medium ( modified from S tevens & O ' De l l ,  

1973a ; Cursons e t  al . ,  1 978d ) fo r the axeni c  

cu l t i v a t i on of Naegler i a  spp . 

3 . 3 . 3 CYMH Medium fo r the s erum -free axenic c u l tiva­

tion of N aegl e r i a  spp . The s e r um  component of 

CYM medium is omi t ted . 

3 . 3 . 4  4 . 0% Neff J.Vl edi um ( S tevens & O ' De l l , 1 9 7 3b ) for 

the axenic cu l t iv ation of Acan t h amoeba spp . 

3 . 4  C e l l Cul ture Medi a 

A l l  medi a used fo r Vero c e l l  c u lture are des ­

cr ibed in C u r s ons ( 1 974 ) and C ursons & Brown ( 1 9 7 6 , 

1 9 78 ) . 

3. 5 Lymphocyte and M acroph age C u l t ure  Media 

3 . 5 . 1  Lymphocyt e s  

Washing Medium : WELLCOME medium 1 99 , 

co2 -Hco; b uffer and 100 uni t s  of bo th penici l l i n  
. - 3  and s t r eptomyc1 n  . cm 

Growth Medium : WELLCOME medium 1 9 9 , 
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co2 -Hco; buffer , 10% ( V/V ) comp lement inac ti ­

vated normal gui nea-pig s e r um and 1 00 uni t s  o f  

b o th penic i l lin and s t rep tomyci n  . cm
-3 . 

3 . 5 . 2  Mac r oph ages 

Co l lec t ing Medi um : C a
2 +  

and Mg
2 +

- f r ee 

Hank ' s  balanced s al t  s o l u t i on ( HBSS ) ( Hanks , 

1 948 ) ,  20 . 0 uni ts o f  hepar i n  ( preserv ative ­

free ) and 100 uni ts of both penici l l i n  and 
. - 3  s t rep t omyc 1n . cm • 

Washing Medium : WELLCO\lE Eag les l\!El\1 , 

co2 - Hco; buffer and 1 00 uni ts of both peni ­
- 3  

ci l lin  and s t rep tomycin . cm 

Growth Medium : WELLCQ\1E Eag les l\!Ei'-l , 
co2 - Hco; buffer , 1 5 . 0% ( V/V ) complement inac ­

t i v a t ed guinea-pi g s e r um and 100 uni ts o f  bo th 

penic i l lin and s t rep t omyci n  . cm- 3 • 

3 . 6  Disinfec tion So l u ti ons Used 

3 . 6 . 1  Water 

All water used was di s ti l led and dei o ­

nized . 

3 . 6 . 2  Ch l o r ine 

A s ol u tion of sodi um  hypoch lor i te ( N aOC l ) 

was obtained from BDH . 

3 . 6 . 3  Ch lo rine dioxide 

Ch l o r i ne dioxide was gene rated in the 

l abo r ato r y  ( see Me thod 4 . 6 . 1 ) . 

3 . 6 . 4  Ozone 

Ozone was gene r a ted in  t he l abo r at o r y  

( s ee Me thod 4 . 6 . 1 ) . 
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3 4  

3 . 6 . 5  Decigu am 222 ( Di -decyldime thyl - ammonium bromide ) 

Thi s was a gener o us gi ft  from M aui B r o ther s , 

Auck l and . 

3 . 7  Po lyac rylamide Ge l Electrophoresis {PAGE) 

3 . 7 . 1  Polyacryl amide Gels { Ke r s t e r s  & De Le y ,  1 975 ) 

Sol . A :  2 8 . 0% { W/V ) BDH acr y l amide 

0 . 735% { W/ V )  BDH N ,  

N ' -me thylenebi s ac ryl amidc 

Sol . B :  0 . 2 3% { V/V ) SIGMA N , N , N ' - t e t r a-

me thyle thylenedi amine 

6 . 1% { W/V ) SI GMA 7 - 9  t r i s  { hydroxy-

methy l )  aminome th ane 

Sol . C :  0 . 1 4% ( W/ V )  BDH ammonium p e r s u lph ate 

2 . 0  cm
3 

of S o l . A was mixed wi t h  1 . 0  cm
3 

of 
3 Sol . B .  Nex t 1 . 0 cm of di s ti l led wate r was 

3 
added and mixed fo l lowed by 4 . 0  cm of Sol . c .  
The g e l s  were then left to polyme r i s e  at  22°C 

for 2 . 0  hr af te r whi ch they wer e  ove r laid wi th  

1 . 0 cm3 of dis t i l led water . 

3 . 7 . 2  Running Buffer 

64 . 0  mM SI GMA t r i s - HC l  buffer pH 8 . 7 . 

3 . 7 . 3  T racking Marker 

0 . 05% { W/V ) Bromopheno l b l ue ,  cont aining 

5 . 0% { W/V ) sucr ose . 

3 . 7 . 4  Gel St aining Solution ( B l akes ley & Boezi , 1 9 7 7 ) 

0 . 2% { W/V ) of SIGMA Bri l l i an t  b lue dye w as 

dis s o lved i n  an equal vo lume of  2 . 0  N H
2

so
4 

and 

s tood over nigh t . The precipi t ate wh ich fo rmed 

was r emoved by gr avi t y  fi l t r ation { WHATMAN No . 1 )  

and to the c le ar b r own fi l t r at e  was added 1 /9 

vo l ume of 1 0 . 0  N KOH . To the r es u l ting dark 



blue s o l ut i on was added BDH t r i chloroac e t i c  

ac id ( 1 00% )  to  a final c oncent r ation o £  12% 

( W/V ) . Finally t he pH was checked to  below 1 . 0 .  

3 . 8 S t aining S o l u t i ons 

3 . 8 . 1  Sudan b l ack ( Cu l l ing , 1 974 ) for the demons t r a­

tion o£ neu t r a l  lipids . 1 . 0 g o£ GURR Sudan 

b l ack was di sso lved in 1 00 . 0  cm
3 

o£ propylene 

olyc o l  and heated to 1 00°C £o r 5 . 0  min . �1i l s t 

s t i l l  h o t , the s o lut ion was f i l te red through 

\.Vhatman No . 2 £i l te r paper , coo led an d fina l l y  

f i l te r ed t hrough a s c in te r ed g l as s £i l t e r . 

3 . 8 . 2  Ehr lic h ' s  haematoxylin ( Cul ling , 1 9 74 ) for 

counte r s t aining nuc lei . 2 . 0  g of GURR h aema-
? 

toxy li n  was di s s o lved in 1 00 . 0  cmJ abs o lute 
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e th ano l . 100 . 0  cm
3 

of dis ti l led wate r , 1 00 . 0  cm
3 

of g lyce r o l  and 10 . 0 cm
3 

o f  g laci al ace t i c  acid 

respe c t ively we r e  then added in t he o rde r l i s ted . 

Final l y  po t as s i w.1 alum was added to exces s and 

the mi xture ripened for two months i n  the l i gh t .  

3 . 8 . 3  Glycer in -je l ly £o r moun ting s lides . 10 . 0  g of 

BBL ge l atin was di s s o lved i n  60 . 0  cm
3 

of hot 

dis ti l led wate r . To this was added 70 . 0  cm
3 

of 

glyc er o l  and 0 . 2 5 g o f  pheno l . 

3 . 9 Chemi c a ls and Ser ologi c al Reagent s  

Unl e s s  o th erwi s e  s t ated , a l l  chemicals used wer e , 

whe r ever po s s ib le , of an anal y t i c a l  g r ade and obt ained 

f r om BDH . 

Dime t hy l -DL -2 , 3 -di s te ar o yloxypropy l - 2 -hydroxy ­

e thyl -ammonium ace t a te ( Rosen t h al ' s  i nhibi tor ) ( RH )  

was ob tai ned f r om CALBI OC HEM .  0 . 1 g of thi s  was 

disso lved in 2 . 0  cm
3 

of hot  ace t one ( 70
°C )  and then 

di luted down wi th hot water ( 60
°

C )  to the required 

c oncen t r ation . 



G l u te r aldehyde and o smium te t roxide wer e  ob­

t ained f r om TAAB Labo r at or i e s . 

F luorescein iso thi ocyanate ( FI TC )  conj ugated 

an t i - r abbi t , - g ui nea-pi g , -human and - human - I gG , - I gM 

36 

and - I gA we re all obt ained £ r om WELLCQ�E Labor ato r ie s . 

3 . 1 0  Expe r imen tal  Animal s 

A l l  expe r imen t al animal s  used wer e  obtai ned 1 r om 

c lo s ed inbred co lonies £ r om th e Sma l l  Animal 

Produc t i on Uni t ,  Mas sey Unive r s i t y .  



CHAPTER 4 :  METHODS 

4 . 1 Mi s ce l l aneo us Me thods 

4 . 1 . 1  Chemical An alys i s  o f  Therm a l  Pool Wat e r s  

37 

The chemi cal  analysi s  of thermal poo l water s 

was performed by cour tesy of the Chemi s t r y  

Divi s i on of the D ep ar tmen t o f  Scien tific and 

I ndus t r i a l  Research , Auckl and , New Ze a l and . 

4 . 1 . 2 Sc anni ng Elec t ron M i c roscopy (SEM )  

The me thod u s ed fo r s c anning e l e c t r on 

micros copy is given in  Curs ons & Brown ( 1 978 ) . 

4 . 2  I dent i fi c ation of Amebae and B ac t eri a 

4 . 2 . 1  I dentification of Amebi c I sol ates 

Water samp les were processed according to 

Fig . 2 ,  the r ational beh ind each defini t i ve tes t 

bei n g  des c r ibed p r ev i ous ly  ( Cu rson s , 1 9 7 4 ; 

Cursons & B rown , 1 9 76 ) . B r i efly this i nvo l ved 

t he exp lo i t ation of cultura l ,  physio logical , 

morpho logical , s e ro logical and pathogenici ty  

differences exis t in g  be tween t he diffe r en t  

gene r a  and species o f  free - l iving amebae . Al ­

tho ugh t his  procedu re was f air ly r out ine , par ­

t i c u l ar points in the cour s e  of the inve s ti ­

gation became app ar e nt : 

i )  M any di ffe r en t  species of free - l iving 

ameb ae were i s o lated which we r e  ab le t o  
0 

both to ler a t e  and grow at 45 C .  I n  p ar -

ticular , the mos t common cont aminan t  

fo und in b o t h  thermal -waters and s oi l s  

was that o f  V ahlkampfi a usti ana which was 

shown to be bo th non-pathogenic in cel l  

c ul t ures and mice . Morpholo gic a l l y , t h i s  

speci es r e s emb led N aegleria spp . b ut could 

be differen t i a ted bo th on t rophozi te  and 

cys t dimensi ons ( 30 - 5 0,!-t m and 1 5 -22_,L.A m 

respec ti ve ly ) , mo re c onspicuous v acuo l ation , 



F i gure 2 .  Flow di a g r am showing the s t r ategy used for 

the i so l a tion and i dentifi c a t i o n  of PFLA . 

( F ro� C u r s ons & B ro wn ,  1 9 7 6 ) . 



SAMPL E I 
5-8 11m t� EMBR�N E  F I LT RA T I ON 

CONC E NT RATE F I L TRATE 
I 

PLAT E  I 
GROWTH AT r----------------------------.r---------- ----------------------, 

4 5°C 4 3°C 3 0°C 
on AS a ga r. o n  AS a g a r  + 1 %  Na C l . o n  AS agar + 1 %  Na C l . 
Rou nd cys t s , eru pt i v e  R ou nd cys t s , s l ow movemen t ,  I movement , broad I a c a ntha pod i a  + 0 1 pseudopod s F l a g e l l a t io n  a t  30 C .  Ro u nd cys ts .1 

F l a gel l a t i o n  + F l a gel l a t i o n  a t  �a t  4 3°C i ra t  4 3ocl 
+ 

Pl aque forma t i o n  -
+

P l a que fo rma t i o n  -

Sma�pl aques o n  � S� l p l aques  o n  NM + 
NM agar i n  4 8  hours a g a r  i n  96 hou r s  

I I 
+ Sero l ogy _ + Sero l ogy -

Spec i f i c  rea c t i on � S pec�c reac t i� 
wi t h  N .  fowl er i wi t h  A .  c u l ber t so n i  
a nt i  serum a n t i s erum 

•
r Pa Joogen i c ;  ty ___:, �Pa t hJgen ; c ;  ty -

I � Forma t 1 on o f  C P E � 
Forma t i o n  of  i n  c e l l c u l tures 
C P E  i n  c e l l c u l tures I 

I Pa t ho ge n i c  fo r m i c e 
Pa t hoge n i c  for m i c e  

Na egl er i a  fowl er 1  Aca nthamoeba c u l berts o n i  

F l a gel l a t i o n  a t  3 0°C 
Rou nd cys t s , eru pt i ve 

movement , broad 1 pseudopo d s  + 
Pl aque forma t i o n  -

Larg� l a ques o n  � 
NM agar i n  24 -48 hou r s  I 

+ Sero l ogy -
Spec � rea c t i o n  wi t h  � 
N .  gru ber i a nt i s erum 

+ r--Pa thogen i c i  ty 

Na egl e r i a  
gru ber i 

No f l agel l a t i on a t  30°C 
Wr i n k l ed cys ts , s l ow movemen t , 

+ I a c a nthapod i a . 

Pl aque forma t i o n  

Sma l lr:ques o n  � 
NM agar i n  96 ho u r s  

I + Serol o gy ______ , 
S pec i f i c  rea c t io n  l w i th A .  c a s te l l a n i  
a nt i serum I + Growt h a t  37°C -

•
�a t ho g en i c i ty 

Fo rma t i o n  o f  CPE  
in  c e l l cu l tures 

I 
Pa t hogen i c  for 
m i c e 1 
Pa thogen i c  

Aca nthamoeba s p p . 
No n pa t hogen i c  

Aca nthamo eba s p p . 

w CXl 
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br oader pseudopods , a more  e r up tive move ­

ment and the abs ence of a f l age l l ate s t age . 

I t  di d h oweve r , c r o s s  reac t  wi th an ti ­

N aeg leri a s e rum but a t  lower ti tres . 

Unles s shown to p o s s e s s  some virulence i n  

c e l l  c u l ture , no a t temp t was made t o  i den­

tify those  i s o l ates  able  to grow at 45°C 

fur ther t h an the gene ric  leve l  ( P age , 1 9 7 6 ) . 

i i ) During i s o l ation , dehydr ation mus t be 

avoided at any of t he proc e s s ing s t ages be ­

cause of t h e  extreme sens i ti vi ty of 

N .  fowleri . Car ter  ( 1 970 ) commented on  

t he r e l ative poo r  fo rmat i on of  cys t s  by 

N .  fowleri , and r ecen t l y  Chang ( 1 9 7 8 ) h as 

a ls o  repo r ted the ex treme sensi tivi ty to 

dehydr ation of both the t rophozoite and 

c ys t  s t ages . I t  i s  fe l t  th at a hi gher 

i ncidence o f  i s o l ation of N .  fowle r i  f r om 

t hermal pools  in  t he future co uld b e  

achieved b y  g r e a t e r  c are  be ing t aken t o  

avoid dehyd rati on . 

i i i ) F l age l l ati o n  was usua lly achieved by 

f looding ameba - s al ine agar p l ates wi th 

s te r i le dis ti l led water . Howeve r in  a few 

c ases , N .  fowl e r i  s t rains wer e  i s o l ated 

wi th a very low r ate of f l age l l ation and 

i n  some c as e s , i t  h ad to be repea ted . 

4 . 2 . 2 To t al Coliform and T o t a l  B ac te r i a  Co un t s  

T o t a l  co liform , i . e .  presump ti ve , confi rmed 

and faecal counts ,  and to t al bac terial  c ounts 

wer e perfo rmed by t he local  hospi t al s ' b ac te r i o ­

logy l abor at o r ie s . To t al colifo rm and t o t a l  

bac ter i a  coun t s  on s oi l  were  perfo rmed i n  the 

Mas sey l aborat o r y  using S t andard Me thods Ag ar 

for t o t al bac t e r i a  and Vio le t  Red Bi le Agar for 



co l iro rms . The me t hod adopted was as fo l l ows : 
3 

1 . 0  g or we t s oi l was added to 9 9 . 0  cm 

s te r i l e  dis t i l l ed water and then s haken . 

The mixture was then di luted o u t  us ing 

s te r i l e  dis t i l led water and p l a ted out on 

the appropriate  medi a .  P lates fo r to t al 

bac t er i a  wer e  i ncubated at 3 7
°

C f o r  2 4  h r  

whi l s t  p l at es f o r  to tal c o li£orms wer e  

incub ated a t  37
°

C £o r 2 days . � 1 1  bac -
- 1  te r i a l  coun t s  wer e  exp r e s s e d . g  dry 

weigh t or soi l .  

4 . 3 Amebi c Cul ture Techniques 

4 . 3 . 1  C loning 

Al l c u l tures ob t ained were c loned 3 t imes 

by t he p l aque me thod ( Ful ton , 1970 ; Cursons , 

1 9 74 ) befo re  b e i n g  us ed expe r imen t a l l y . 

4 . 3 . 2  �xe n i c  C u l t u re 

40 

C loned ameb ae were c u l t ur ed f r om ameb a ­

s al i ne agar p l ates i nto ei the r 5 .  0 cm3 or CYTvl 

fo r Naegler i a  spp . o r  5 . 0  cm
3 

o r  4 . 0% Ne££ fo r 

Acanthamoeba spp . in s teri le unive r s a l s  ( 8 . 0 x 
2 . 0  cm ) and then p l aced on gyroshake r s  ( 1 50 rpm ) 

( Cur sons e t  a l . , 1 978? ) · N . rowleri  ( s t r ains 

MsT , NHI and Ts - 1 )  and A .  culber tsoni ( s t rain 

A - 1 ) wer e cul t ur ed at  3 7
°

C and s ub - c ul t ured 

ever y  24 . 0  h r . 

N .  gr uber i  ( s t r ain P 1200£ ) , N .  jadi ni 

( s t r ain 0400 ) , A .  c as tel lan i i  ( s t r ai n  1501 ) , 

A .  r hys odes ( s t r ain 1 53 7 ) and A .  polyphaga 

( s t rain P23 )  wer e  cul t ured at 30
°

C and s ub ­

cultured ever y 48 . 0 h r . 

4 . 4  Ce l l  Culture 

All me t hods used for Vero c e l l  cul t ure are 



des c r ibed ln C u r s ons and Brown ( 1 9 7 6  & 1978 ) .  

4 . 4 .  Neut raliz a tion of Amebae i n  Ce l l  Cul tu re s  
3 3 

i )  1 . 0  cm of s e r um was added to 4 . 0  cm of 
Eag l e s  m aintenance medi a ( EMM ) .  

i i ) 1 . 0  cm3 of t hi s  was added to 1 . 0  cm
3 

of 

the appropri ate di lution o£ axenic a l ly ­

grown amebae , previous l y  w ashed and 

res uspended i n  8� in t i g h t l y - c apped 

b i j o u  bo t t les , and then incubated a t  37°C 

fo r 1 h r  on a gyros h ake r a t  1 5 0  rpm .  
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i i i ) Eag l e s  growth medium f rom 24 h r  Ve ro mono ­

l aye r s  was tipped of£ and the monol aye r 

washed in s er um-free Eag l e s  medium .  Then 

1 . 5  cm3 of the ameba - s e r um mixture was 

added to the mono laye r s , i ncuba ted a t  J 7°C 
and examined fo r the form a ti on of c y topa thic 

effe c t s  ( CPE ) . 

4 . 5 I nd i r e c t  Mac r oph age I nhibi ti on Factor  As s ay 

4 . 5 . 1  I mmuni zat i on o£ Guinea-pigs 

P r e - immune s er um was ob t ai ned from eac h  

guinea-pig by c ar di ac punc t u re us ing a s te r i l e  

dispo s ab le syringe ( 2 1  g auge x 4 . 0 cm ) .  The 
3 guinea-pigs wer e  then immuniz ed wi th 0 . 5  cm 

of a 1 : 1  Comp le te Freunds Adj uv an t  ( D IFCO ) : 

anti gen mixture I /M into their  hind leg . 

28 days the gui nea -pig s  were  then boos t ed 

weekly wi th 0 . 1  cm3 of an t i gen S/C for the 

fo l l owi ng three weeks . 

4 . 5 . 2 Cul t u r i ng o £  Lymphocytes and P roduction of 

Macrophage Inhibi tion Fac to r  (MIF )  

After 

8 . 0  cm3 of  b lood was wi thdrawn asep ti c a l l y  

by c ardiac punc ture using a s teri le di spo s ab le 

s yringe ( 2 1 gauge x 4 . 0  cm ) containing 160 uni ts 



of s te r i le , p reservative -free hepar in . 

The b lood was then centrifuged at 1 000 x 
0 

G f o r  10 min at 2 0  C and the b uffy coa t  ce l l s  

asp i r ated using a s te r i l e  p as teur pipe t te . 
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The b uffy-coat ce l ls we r e  di l uted 1 : 1  wi t h  

s te r i le physiologi c a l  s a li ne cont aining 2 0  

uni t s  . cm
- 3  

of s ter i le hep a r i n  and careful l y  

l aye red o n  a s te r i le Fico l l -Hypaque g r adien t  

( Lymphoprep ) us ing 3 vo l ume s of Lymphopr ep wi t h  

4 volumes o f  di l uted buffy-coat ce l l s . The y  

we re  t hen centri fuged in a swi n g  o u t  head at 

1 2 50 xG fo r 20 min at 20
°

C .  The top layer o £  

t he d i l u ted plasma was di sc arded and the lym­

phocytes co l lected i n  10 . 0  cm
3 

of medi um 1 9 9 . 

They wer e  t hen centri fug ed at  1 000 xG for 1 0  min 
at 20°

C and was hed again in 1 0 . 0  cm
3 

of medi um 

1 99 . 

The ce l l s  were  then res uspended in g rowth 

medium 1 99 t o  a concen t r ation of 2 . 0  x 10
6 

- 3  - 3  
c e l l s  . cm • T o  this was added 0 . 5  mg . cm 

of pro t ei n  ant i gen and the mixture c u l tured at  
0 37 C overni gh t . After incub at ion , t h e  ce l ls 

were  cen t r ifuged at 1 500 xG fo r 20  min at 20
°

C 

and the s upernat ant f i l tered through a s te r i l e  

0 . 2��m fi l ter  and s tored at  - 20
°

C unti l 

r equi red . 

4 . 5 . 3  Cul t ure of Macrophages 

Six d ays befo re the i s o lat ion of lym ­

phoc ytes , an unsens i t iz ed g uinea-pig was 

injec ted wit h  30 . 0  cm
3 

s te r i le par affin o i l  I /P 

( 1 6 gauge x 2 . 0  cm ) and the per i tone al c avi t y  

mas s aged .  

Af t e r  7 days , the guinea-pig was 



3 exs anguinated by cardiac p unc ture and 1 50 cm 

of cold c o l lec t ing medium introduced I /P .  The 

per i toneal cavi ty  was th en agi tated and ? um ­
me l led to resuspend the per i t oneal exudate 

ce l l s  ( PEC ) . 
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A 2 -3 cm incision w as made j us t  be low the 

di aphr agm and a 2 . 0  x 12 . 0  cm s te r i le a l umi nium 

cen t r ifuge tube , in  whi c h  the bot tom 2 . 0 cm had 

been pe rfor ated by smooth smal l ho l e s , inse r ted . 

PEC ce l l s  were c o l lec ted , us ing a s te r i l e  

10 . 0  cm3 pipe t te , f rom the f luid i n  the  p e r i ­

toneal c avi ty , and pl aced i n  a s ter i le s epar a-
o t ing funne l fo r 1 5  min at 5 C t o  separate the 

p ar affin o i l . 

The ce l l s  we re  then c o l lec ted in s te r i le 
3 

50 . 0 cm centrifuge t ubes and cen t r i fuged at  

750 xG for  1 5  min at 2 0°
C .  

Fol lowi ng cen trifug ation they we r e  r e s us ­

pended in  s ter i le 10 . 0  cm
3 

cen t rifuge tubes , 

washed twice wi th Eagles  washi ng medi um ,  �dj us ­

ted to 10% packed ce l l  vo l ume , and r e s uspended 

i n  Eag les growth medi um . 

Af ter s t anding 1 0  min 1n an ice bath , 

s ter i le c api l l ar y  t ubes wer e  fil led t o  the t op 

and p lugged wi t h  s te r i le C r i s t aseal ( HAWKSLEY 

AND SON , Ltd , Sus sex ) . 

They were t hen wr apped in s teri l e  a l umi ­

nium foi l ,  placed i n  a s te r i le uni ve r s al , and 

cen t r i f uged at 2 0 0  xG for 2 . 0  min at 20°C .  The 

capi l lary t ubes wer e  then cut  at the ce l l ­

surf ace wi th a s te r i le di amond penci l and p l aced 

in  s te r i le ce l l  cul t ure dis hes ( FALCON ) on a 

s terile  b lob of s i l i con g r e ase , making s ur e  that 
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the o r ifice of e ach capi l l ar y  tube was away from 

the grease  and in  c on t ac t wi th the bottom of the 

dis h .  

Af ter careful l y  fi l l i ng the d i s h  wi th 

2 .  0 cm3 of grow th mediUr.l and 1 .  0 cm3 of the 

lymphocyte ce l l - f re e  superna tant f l uid ( see 

Me th ods 4 . 5 . 2 ) , the mixture was incubated at 

37
°

C ove rnigh t in a desi c c a tor  con t aining 5 . 0% 

co2 , and t he inhibi t i on of mi g r ation pho to­

g r aphed us ing a LEI TZ Or tholux microscope f i t ted 

wi th an Or thomat came r a .  

4 . 5 . 4  De l ayed H ypersens i ti v i ty 
3 Thi s was tes ted by ino�ulating 0 . 1 cm of 

- 3 
an t i gen containing 5 mg . cm of pro tein i n t r a-

de rm a l l y  ( I /D )  i n t o  the s ki n  of a sens i ti zed 

gui nea-pi g . 

4 . 6 D i s i nfec t ion 

4 . 6 . 1 P r oduc tion of Di s i nfec t an ts 

i )  Chlorine : a s tock s o lu tion of BDH s odium 

hypoch lor i te was di luted to the app r o ­

p r i ate conce n t r ation using s te r i l e , 

ch lorine - f r e e , deionized wate r . 

i i ) Chlorine dioxi de : th is  was p roduced as 

r ecommended b y  the Ame rican Pub l i c  Heal t h  

As sociat ion ( 1 9 7 1 ) as shown in Fig . 3 :  

5 . 0  g of s odium ch l o r i te was di sso lved 

i n  375 . 0  cm3 of ch lor i ne - free deionized 

water and p l aced in bo t t l e  B .  1 . 0  cm3 of 
3 conce n t r ated H2so4 was added to 9 . 0  cm of 

deionized w a ter , mi xed and t r ansfe r r ed to 

f l ask E. A smoo th cur rent of ai r was pas s ed 

through t he sys tem and 5 . 0  cm3 i nc r emen ts 

of H2so4 i n t roduced from E into  B at 5 . 0  

min intervals . The ai rflow was continued 



Figure 3 .  Me thod used fo r the p roduc ti on of ch lorine 

di o xi de . ( Adap ted from S t andar d Me thods , 1 9 7 1 ) 

Fi g ur e  4 . M e thod used for the produ c tion of o zone . 



A . ----

150 cm3 O.W. 

B. C .  '--....:...-.../ 

37 5 cm3 O.W. and 5 .0gm NaOCI saturated NaOC I 

� 1 IL 
O z o nator  

12 

45 

o _ ___ _, 

750 cm3 O.W. 

� 
� � 

� 

S i l i c a  ge l  s t er i l e O. O I M  

D .W. = d i st i l l ed  water  

phophate buffer ph 7. 0 5.0 'l. K . l .  



£or a fur t her 30 . 0  m1n and the solution i n  

b o t t l e  D s tored i n  a b rown bot t l e  at 4°
C .  
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i ii ) Ozone : this was produced by the e l ec t r ic a l  

di sch arge o f  oxygen a s  sho•m in Fig . 4 .  

This  involves pas s ing dr i ed oxygen through 

a Mk I I  o zoni zer  ( BR I T ISH OXYGEN 

CRYOPRODUCTS )  and c o l lect ing the di sso l ved 

o zo ne 1n s te r i l e  0 . 01  M phosphate b uff e r  

pH 7 . 0 .  

4 . 6 . 2 Chemical Analysis of Disinfec tan ts 

Chlor ine , chlorine -dioxide and o zone we r e  

anal yzed b y  th e DPD me thod { Pa l in ,  1 9 74 ) . Due 

t o  th e l ack of a specific ana lytical tes t ,  no 

an a l ys i s  of Deciquam 222 w as perfo rmed . The 

me thod des c ribed by Wang and L ang ley { 1 9 75 ) 

was found to yie ld incons i s tent resul ts . 

4 . 6 . 3  Disinfec t i on Tes t s  

Al l dis i nfec tion te s ts wer e  perfo rmed 

acc ording to Cur s ons e t  a l . { 1 9 78b ) . 

4 . 7  Po lyac ryl amide Gel  Elec t r ophor e s i s  (PAGE) 

Native PAGE was perfo rmed according to the me thod 

of K e r s tens and De Ley ( 1 975 ) usi ng an Acry l oph or 

( PLEUGER ) di s c  appar atus and a Vokam ( SHANDON ) 

Powe rp ack . Approximatel y  100�i g of  s oluble p r o t e i n  1n 

1 0JU 1 ,  contai ning 5% ( W/V ) sucro s e , was l ayered o n  

top o f  the ge ls . The two comp ar tments of the 

Ac r y l ophor app aratus wer e  f i l l e d  wi th ge l buffe r , the 

ge l s  l o aded and p r e - e le ctropho r es i s  was per fo rmed wi th 

the anode in t he lower e l e c t rode chamber at a con s tant 
- 1  

cur r e n t of 1 . 25 mA . ge l  fo r 1 5  min , fo l lowed by 

3 . 8  mA . ge l
- 1  

unt i l  the t r acki n g  marker had moved 

t h r ough the ge l .  The g e l s  wer e  then s t ai ned overnigh t 

a t  2 0
°

C wi t h  Bri l lian t  b lue and des tained i n  deioniz ed 

wate r  in whi c h  they wer e s to r ed . Ge ls wer e  s c anned 



us ing an I SCO gel  sc anne r  ( Mode l 1 3 1 0 ) at  620 nm 
- 1  us i n g  either 30 o r  1 50 cm . hr • 

4 . 8  Cytochemi c a l  S t aining for Lipi ds 

A modified Chi ffe l le and P u t ts propylene g lyco l  

me t h od was used ( Cul l ing , 1974 ) . 

4 7  

Cove r s lips con tai ni ng ce l l -cu l tures i nfec ted wi th 

ameb ae wer e  fixed in 10 . 0% ( V/V ) fo rmo l - s al i ne fo r 

30 min , and then washed 3 t imes in di s t i l led water . 

The covers lips wer e  then dehydrated fo r 5 . 0  min 

in 2 changes  of po lyp ropylene g lyco l and then t r ans ­

fer red to t he s t aining s o l u ti o n  for  4 . 0  min . 

Af t e r  s taining , the cover s l ips wer e  diffe ren ­

t i a ted in warm ( 40
°

C )  p r opy lene g l yc o l  for 3 . 0  min 

wi th s ome agi tation , r i nsed in 50% propy lene g lyco l 

and then washed in  di s t i l l ed water . 

The covers lips wer e  then coun ters tained wi th 

50% Ehr li chs haematoxyl in in di s t i l led wa ter fo r 

4 . 0 min , washed i n  t ap -water t o  b lue the sec tions 

and fina l l y  mounted in g lyce r i n- j e lly . 

4 . 9 P r e l iminary I s ola tion and Char ac teriz ation of 

Ex t r ace l l u l ar Enzymes o f  P athogenic Free - living Amebae 

4 . 9 . 1  Detec tion o f  Amebic Ext r ace l lu l ar Enzymes 

Amebic ext r ace l lular enzymes wer e  detec ted 

by p l acing 0 . 1 cm3 of ce l l -free axe ni c cultur e  

f luid , that had p revious ly been fi l t e r ed through 

an 0 . 22 ;Um fi l te r , into ei the r EY o r  P ro teinas e 

Agar p l ates  ( Cur s ons e t  al . ,  1978c ) .  

4 . 9 . 2 Thin Layer Chromatogr aphy 

Both r e ac ted and cont ro l agar zones we r e  

exc i s ed fr om EY agar and were ext r ac ted in 

8 . 0  cm3 of 2 : 1  chlorofo rm : me thano l and 1 . 0  cm3 
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wate r . The aqueous layer was di s carded , and the 

remai nder ext r ac ted once mo re wi t h  ch loroform : 

me thano l , then the final ch lorofo rm l ayer was 

evapor ated to dryness . The ext r ac ted lipid was 

then di s so lved i n  0 . 5  cm
3 

chlorofo rm . 10/A l 

of ex t r a c t ed lipi d was spo t ted onto S i l i c a  Gel  

G plates ( MERCK ) which had previous ly  been ac t i ­
va ted a t  1 1 0

°
C £or 1 hr . Spo t s  we re a l lowed to 

dry and we re p l aced i n  hexane
·
: di e thyl e t he r : 

ac etic acid ( 50 : 50 : 1 )  £or neut r a l  lipid ana l y ­

s i s , or  in ch lorofo rm : me thano l : ace t i c  acid : 

water ( 25 : 1 5 : 4 : 2 )  £or ph ospho l i d  analysis . 

Spo ts wer e  vi sualiz ed by s p r aying wi th e t ha­

nolic 0 . 1% ( W/V ) 2 , 7  di chloro£ luores cein ( BDH ) 

and obs e rved under  a UV ligh t source . 

4 . 9 . 3  Haemo lys i s  

Haemo lys i s  was performed either in s o l u ti on 

or agar us ing s o l ution A of  the EY agar medi um . 

I n  a l l  h aemolyti c experimen ts , NaC l  was added to 

all amebi c supe r n atants to phys io logical s t r eng th . 

Washed s heep e r y t hrocytes were the t arget  ce l l s , 

and h aemo l ysis  was pe rformed using ei ther egg 

yo lk or 4 . 0% albumin ( Gul & Smi th , 1 972 ) i ncor ­

por ated i n to the agar fo r pho spho l ipase 2 o r  

erythrocytes alone £or pho sph o l ipase 3 .  

4 . 9 . 4  I s olati on o£ Phospholipases f rom the Supernatants 

of N . £owleri {M sT) 

Two 500 . 0  cm3 vo lumes o£ e i t her CYM o r  CYMH 

medium i n  2 . 0  1 s teri le f l asks wer e  inoculated 

wi th 0 . 5  cm3 o r  1 . 5  cm3 r e spec tive ly o£ N . £ow le r i  

(MsT ) p r evious ly  grown up i n  ei th er CYM or CYMH . 

After i nc ubati o n  £or either 48 . 0  hr ( CYM )  o r  

72 . 0  h r  ( CYMH ) a t  37
°

C on a gyroshaker ( 1 50 rpm ) 

the c e l l s  wer e cen t r i fuged at 3000 xG at  4°C 

£or 1 5  min .  The s upe rnatant was fi l tered through 

a �� m fi l ter and the protein precip i t ated out b y  



Figu r e  5 .  F low di ag r am  s howi ng t he s t r ategy used fo r the 

i so l ati on of phospho lipas e 2 and lysopho sphol i ­

pase from the s upernatan t  o f  axenica l ly g rown 

N .  fowleri  { MsT ) . 
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EX P O N E N T I A L LY G R O W I N G C U L T U R E  O F  N, FOWLER! CMsT ) j C E N T R I F U G E  A T  3 , 000 G /4
°

(/10 M I N  

M EA S U R E  

P LA C E  I N  EY  P LA T E  + C O L L E C T  S U P E R NA T A N T  
V O L U M E  

P R O T E I N  DETERM I NAT I 

-I-
P H  6 1 8  

j d 
PREC I P I TATE W I TH 40-60% CNH4)2S04 AT 4 C 

OR�1 : 1 C��OH (-70°()  
0 

C E N T R I F U G E 7000 G /4 C/10 M I N  

-I-
COLLECT PREC I p I TATE & D I SSOL YE I N  2 I 5M1 HE PES PH 7 I 5 j DIALYSE OVERN I GHT 4

° 
AGA I NST 2 � L� HEPES 

MEASURE 

PLACE I N  EY PLATE + VOLLME PROTE I N  DETERM I NAT I ON 

PH 7 1 5  

CONCENTRATE PROTE I N  BY F I LTER I NG THROUGH A XM 50,000 ULTRAF I LTRAT I ON MEMBRANE 

4- MEASURE 

PlACE I N  EY PlATE + 1 VOLLME PROTE I N  DETERM ! ti'IT I ON  

A P P LY T O  SEP HADEX G-100 E Q U I L I B R A T E D  I N  2 1 5MM H E P E S P H 7 1 5 

P LA C E  I N  EY P LA T E  

+ C O L L E C T  +1 F RA C T I O N S  M E A S UR E  P R O T E I N  

CONCENTRATE PROTE I N  FRACT I ONS EXH I B I T I NG CLEAR I NG I N  EY PLATE BY F I LTER I NG 

THROUGH A XM 50, 000 ULTRAF I LTRAT I ON MEMBRANE 

l 
P LAC E I N  EY P LA T E  +--- M E A S U R E  P R O T E I N  

P A G E  / � USE AS ANTI GEN TO MAKE A 

SPEC I F I C  ANT I SERUM 



s lowly adding ammonium s u lphate { NH4
) 2 so4 to 

60% ( W/V ) , s ti r r ing continuous l y  wi th a mag ­

ne tic s ti rr e r . Thi s mi xture was left to se t t le 

£or 30 min and the p r ecip i t ated pro te in col ­

l ec ted by cen t r i fugation at  7000 xG at 4°C £o r 

15 min , t hen di a l yzed ove rnigh t agains t  cold 

2 . 5  mM hepes pH 7 . 5 .  ( Because o£ the sma l l  

50 

yie ld o£ precip i t ated p r otein f rom CYMH c u l ­

tures , the ( NH4 ) 2so4
-precipi t ated pro tein was 

di sso lved to a final vo lume o£ 2 . 5 cm3 and added 

direc t l y  onto the SEPHADEX G - 100 £o r bo th fi l ­

t r ation and des al tin g ) . The di alyzed pr otein 

was then c oncen tr ated by ul t r af i l t r ation through 

a DIAFLO XM 50 , 000 MW fi l te r  to 2 . 5  cm3 and 

then app lied t o  a 2 x 40 cm SEPHADEX G - 100 

co lumn , e luted us ing 2 . 5  mM hepes pH 7 . 5  and 

f r ac ti ons co l lec ted using an LKB U l t r or ac 7000 . 

00
280 nm 

was moni to r ed using an I SCO Op t i c a l  

Uni t  ( Type 6 )  connec t ed to a UA - 5  Abso rb ance 

moni t or . Tho s e  f r ac tions exhibi ting ac tivi t y  

wer e  poo led together and concentr ated to 
- 3  10 . 0  mg . cm b y  u l t r af i l tr ation using an XM 

50 , 000 MW fi l t e r  and 10 . 0 � 1 applied to native 

polyac r y l amide ge l s . The r emaining p r o tein was 

used e i t he r  to make a speci fic an ti s e r um o r  

s to red a t  -20°C .  A £ low di ag r am dep ic t ing the 

i s o l ation procedur e  i s  shown i n  Fi g .  5 .  

4 . 10 P r ot e i n  De terminations 

A l l  protein de te rminations we r e  made e i ther at 

00
280 using a PYE UNICAM SP 1800 Spec t r opho tome t e r  o r  

nm 
by us ing the pro tein -dye b i nding me thod o£ B r adfo r d  

( 1 976 ) . 

4 . 1 1 Ste r i li z ation 

A l l  g l as swar e , excep t  that used £or analy t i c a l  

exper iments ,  w a s  s te r i l iz ed b y  s team at 12 1°
C 

{ 103 . 4  kP a )  £or  1 5  min . 
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A l l  analy t i c al g l as sware was s te r i lized by dry­

heat £ or a minimum o£ 1 60°C £o r 2 . 0 h r . 

A l l  heat - labi le  r e agents we re s te r i l i zed by 

fi l t r ation thr ough a 0 . 2� m fi l te r . 
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CHAPTER 5 :  RESULTS 

5 . 1  Sur vey of PFLA in  s e lec ted New Ze a l and Thermal Poo l s  

5 . 1 . 1  The Di s t r ibution o f  PFLA i n  New Ze aland Thermal 

Poo l s  during the 1 976  Sur vey 

The r esul ts  in T ab l e  VI  s how the dis t ri ­

but i on of PFLA amongs t t he poo l s  s ampled from t h e  

three He a l th Di s tr ic t s . Appendix I gives  a mo re 

de t ai led s ummar y of res u l ts from each s amp le 

s i t e . Tab l e  V I  shows t h a t  N . fow leri  was i s o l at ed 

from 60 . 0% of the pool s  s amp led whi l s t  patho ­

genic Ac an thamoeb a spp . wer e  i s o l ated from 

40 . 0% o f  them . Of the combined to tal s amp l e s  

t a �n i n  1 976 , t he isola tion r ate fo r N .  fow l e r i  

was 23 . 0% comp ared t o  5 . 7% for  patho genic 

Acan thamoeba spp . 

Table VI . Dis t r ibut i on an d Inc idence of PFLA from New 

Ze a l and The rmal Poo ls dur i ng the 1 9 76 Sur v ey 

He al th Thermal No . of 
D i s t r i c t  Poo l Samples 

Wai gnaro 7 

Mo ana - i ti 10 
Hami l t on Opal 10 

Okor oi re 10 

Soda 9 

Bu tcher ' s  8 

Ro to rua Mouth of 
Ot umaheke 8 

Upper 
Otumaheke 8 

Te Puia 9 
Gi sbor ne 

Mo rer e 9 

no i so l ation 

Tempe r a -0 
t ure C 

46 

39 

3 9  

42 

38 

40 

35 

1 8  

2 8  

3 1  

pH 

9 . 6  

7 . 1 

7 . 1 

6 . 9  

6 . 0  

7 . 5  

7 . 7  

7 . 5  

7 . 2  

6 . 7  

N .  
Pa thogenic 

fowleri  
Ac an t h amocba 

spp . 

- -

3 -

3 2 

2 1 

1 -

- -

6 -

5 1 

- -

- 1 



The phys i c a l  and chemi c a l  char acter i s tics  

of each poo l are give n  in  Tabl e s  I I , I I I , IV , 

and Appendi x I .  PFLA we r e  i s o l ated f rom a pH 

r ange of 6 . 0  ( 5 . 8 )  - 7 . 7  ( 9 . 2 ) , a wate r tem -
o per ature r ange of 13 ( 1 3 )  - 45 ( 46 )  C and an 

ambient tempe r at ur e  r ill1ge of - 1 . 4  ( -2 . 4 )  -
0 2 3 . 6  ( 2 6 . 4 )  C .  The maxima and mi nima of bo th 
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pH and tempe r atu r e  r ecorded from the samp les are  

given i n  b r acke ts . 

No N .  fowl e r i  were iso lated from Gisbo rne 

poo ls ( Te Pui a and Morere ) ,  Wai gnar o o r  Butche r ' s  

Pool whi ls t only 1 i s o l ation was r eco rded f r om 

the Soda Poo l .  I n  addi t i on , no or few path o ­

genic _Acanthamoeba spp . we r e  i s o l ated f rom these 

poo ls  or from Moana- i ti . The Gisborne pools 

we re charac teri z ed by a ver y  high h alogen i on 

c ontent  ( >  8000 g .  m
-3 ) ( Table IV ) ,  Waignaro wi th  

a high alkaline pH ( >  pH 9 . 0 ) ( Tab le I I ) , and 

Bu tcher ' s  wi th a high i r o n  cont en t  ( Tab l e  I I I ) . 

I n  gene r al then , mos t  i s o l ati on s  of PFLA c ame 

from the Matamata -Taupo r e g i on . Fig 6 .  gives the 

es timated New Ze aland ambi ent temper ature whi l s t  

Figs . 7 and 8 ,  the no rmal mon t h ly r ainfalls  of 

the He al th Di s t r i c t s  s amp led . Ambient tempe r a ­

tures o f  be low 1 0
°

C were r eco r ded from mi d-Ap r i l 

to  mid- Sep tember and this a l s o  coincided wi th  

the per i od of  highe s t r ainfal l .  Table  VI I demon ­

s t rates th at  PFLA c an be i s o l a t ed from New 

Zeal and t he rmal poo l s  in any c alendar mon th . 



F i gu r e  6 .  Graph showing the aver age mon th ly tempe rature 

for New Zealand . ( From the New Zea l and 

Metero logi c a l  O££i ce . )  
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Fi gure 7 .  G r aph s howi ng the aver age monthly r ainfal l for 

t h e  M atam a t a  and Taupo r egions . ( F rom th e New 

Ze aland Meterologi c al Offi ce ) . 

• = Taupo regi on 

• =  Matamata region 
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Fi gure 8 .  G r aph s ho wing the average mon thly rainfal l for 

the Ro tor ua and Gi sbo rne regio n s . ( From the 

New Zealand M e t ero logi cal Office ) .  

• = Roto rua region 

• = Gi sborne region 
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T able VI I .  Mon t h ly I s o l ations o f  PFLA from New Ze a l and 

T hermal Pools dur i ng the 1 976 Survey 

Mon th No . of N .  fowle r i  Pathogenic 
S amp les Acan thamoeba spp . 

Jan 4 2 -

Feb 5 2 1 

Mar 4 3 -

Apr NT NT NT 

May 6 3 2 

June 12 3 -

July 12 3 -

Aug 6 3 -

Sep 12 1 1 

Oc t 9 3 -

Nov 10  - 1 

Dec 8 1 -

To t a l  88 20  5 

= n o  i s o lation 

NT = no t t aken 

However ,  no co r re lation be tween oc cur rence and 

the c limati c chan ge s  could be found ( t emper ature 

var i a tion in thermal poo ls i s  cons ide r ab l y  l e s s  

than that  o£ ambient temper ature ) . Fin a l ly  

Tab le VIII  s hows t he bac terio logical quali ty o£ 

t he w at e r s  s amp led . Wi t h  t he exception of the 

Butcher ' s  poo l , a l l  wate r s  cont ained b ac teri a ,  

incl uding c oliforms . 
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Ta� l e  VI I I . The Range o f  To tal Co liform and B acte r i a l  

Coun ts from New Zeal and The rmal  Poo l s  during 

t he 1 9 7 6  Survey 

He alth Thermal No . of 
D i s t r i c t  Pool S amples 

Wai gnaro 1 

Moana- i ti 1 
Hami l ton Opal 1 

Okoroire 1 

Soda 3 

Butcher ' s  1 

Ro t o r ua Mouth of 1 Otumaheke 

Upper  1 
Otumaheke 

t---
Gisborne 

Te Pui a 6 

More re  5 

To t a l  
Co lifo rm� 3 

. 100 cm 

2 2  

1 3  

35 

1 7  

35 - 2 8 0  

ni l 

8 70 

1 2  

ni l - 50 

3 - 7 . 3  

Total  
Bacte3i a  - 0 

. 1 . 0 cm 37 C 

6 

80  

uc 
300 

NT 

NT 

NT 

NT 

1x10
2 

- 2x10
4 

38 - uc 

NT = no t t aken 

> 10
7 . - 3

) UC = uncoun tab le ( o r g anlsms . cm 

5 . 1 . 2 The Occur rence o f  PFLA i n  New Ze al and The rmal  

Poo l s  dur i ng the 1 9 7 7  Survey 

The r e s u l t s  i n  Table IX and Appendix I I  s how 

the occurrence of PFLA i s o l at ed du ring the 1 9 7 7  

s urvey . N .  fowle r i  was i s o lated f r om 75% o f  the 

poo ls s amp led and 8 3 . 3% of soi l loc a l i t i es 

s amp led , whereas p a thogenic Acanthamoeba spp . 

we re i s o l a ted f r om 50% of t h e  poo l s  and s o i l  

loc ali t ie s  samp led . Of the c ombined tot al s amp l e s  

t aken , N .  f owler i h ad a n  i s o l at io n  r ate o f  1 2 . 8% 

from t h e  pools and 1 6 . 0% of soi ls . Thi s  com ­

pares wi t h  5 . 3% and 2 . 3% f r om the poo l s  and so i l s  

respec tive l y  f o r  pathogenic  Acanthamoeb a spp . 
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Table IX . The Inci dence o£ PFLA ln New Zealand Thermal 

Poo ls duri ng t he 1 9 77 Survey 

He a l t h  Samp le No . of N . Pathogenic 

Dis t r i c t  Si te Samp les £owle r i  Acanthamoeba 
spp . 

Moan a- i  t i  
1 9  

Poo l 
- -

Mo ana - i  t i  
Soi l 1 7  - -

Hami l ton Op al  Poo ls 20 2 -

Opa l  Soi l  1 9  5 1 

Oko r o i re 
Poo l s  20 4 2 
Oko r o i r e  
Soi l 20 3 -

O t W!laheke 
Poo l ( 1 /3 ) 35 6 3 

Otumaheke 
Poo l Soi l  3 1  5 -

R o t o rua ( 1 /2b ) 

Otumaheke 
Bank So i l  35 4 1 
( 1 /2c ) 

Uumaheke 
Whey Si te 9 4 1 
( 1 /4 )  

no i s o lation 

Again t he var i abi l i t y  ln phys i c al parame ter s 

be tween poo l s  i s  also apparent ( Appendix I I ) wi th 

i so l at ions bei ng made wi th a pH r ange o£ 6 . 6  -
0 

7 . 8 , a water tempe rat ure r ange o£ 24 . 0  - 45 . 0 C ,  
0 an ambient tempe r ature r ange o£ -0 . 9  - 26 . 5  C ,  

0 and a s o i l temper ature r ange o£ 8 - 24 . 4  C .  

Table  X s hows t he i so lations o£ PFLA r eco rded on 

a mon t h l y  bas i s . Agai n  no obvious s e asonal di s ­

t r ibuti o n  i s  apparent , wi th r andom i so lat ions o£ 

PFLA being reco rded . However the s ur vey did 

i l lus t r ate that s oi l  c an s e rve as a reservo i r  o£ 

PFLA wi t h  a g r eater number o£ i so lations o£ 
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N .  fowle r i  being reco rded f rom the soil  than from 

poo l water i t s e lf ( Tab le X ) . The inf luence o£ 
soi l on the incidence of PFLA in the rmal poo l s  

is a l s o  ref l ec ted i n  the  po ols  thems e l ves , i n  

t h a t  those poo l s  wi th s o i l enc los ures h ad a 

h i gh e r  incidence o£ PFLA as compared to the 
conc r e t e - l ined poo ls . 

Tab l e  X .  Month ly I s o l at i ons of PFLA f rom New Ze aland 

The rm a l  Poo l s  during t he 1 9 77 Survey 

Mon th 

Jan 

Feb 

Mar 

Ap r 

May 

J une 
July 

Aug 

Sep t 

Oct 

Nov 

Dec 

To t a l  

NT = 

P athoge nic 
No . of Samp les N .  fow leri  Ac an thamoeba spp . 

Poo l So i l  Poo l Soi l Poo l Soi l --- --- -- --- -- --

NT NT 

1 2 - 1 - -

10  1 4  - 7 - -

10  1 4  1 3 - -

1 4  1 9  - 2 1 -

7 1 1  2 - - -

9 1 3  4 3 - -

1 3  1 2  2 1 2 -

1 0  1 8  1 2 1 -

9 1 3  2 - 1 3 

8 12  - 2 - -

3 3 - - - -

94 1 3 1  12  2 1  5 3 

no t t aken 

no i s o l a tion 

Tab l e  XI shows the b ac te rio logi cal qual i t y  

o f  the waters and soi ls examined . I t  can be 

obs e rved that even the commercially developed 

c oncre t e - lined poo l s  were  contaminated wi th co l i ­

forms , albe i t  a t  a lower incidence t h an the 

n atural poo ls . A l l  the soi l s  also h arboured 

co lifo rm bacter i a .  I t  i s  interes ting to no te 
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t h a t  mos t  PFLA wer e  i s o l ated from s oi ls and from 

t hos e pools wi th a h i gh co liform count . 

Table XI . B acterio logical Qual i ty o £  The rmal Poo l s  and 

Surro unding Soi l s  dur ing the 1 9 7 7  Su rvey 

R ange of Range 
N o . of Total T o t a l  

o f  

Tot a l  
Hea l t h  Sampl e  P o si tive Colifo rms B ac t e r i a  No .  of Co liform Distri c t  Si te  • 1 00 CI'l

- 3
_ 1  

. 1 . 0  cm - 3  Samp l e s  Samples - 1 or . 1 . 0 g or � l . O g 
soi l s oi l  

Moan a - i  ti 17 6 Ni l - 5 N i l  uc Poo l  1 .  6 1x 1 0  
-

Moana-i t i  3 4 
16  1 6  4 . 3x 105 

- 1 . 22x10 -

Soi l 9 . 6x10 )' 1 08 

Opal  19  5 Ni l -
4 Ni l - uc Poo l s  5 . 4x10  

Hami l to n  
Opal 

3 5 
17  1 7  

1 .  7xl0 6 - 5 . lxl0 -

Soi l 6 . 25x 1 0  > 108 

Okoroire Ni l - 2 
19  16  3 . 06x10 -

Poo l s  5 uc 1 . 6 1x10  

Okoroire 
3 5 

18  18  1 . 4x10 6
- 1 . 2 x l 0  -

Soi l s  4 . 63x 10 > 108 

Otumaheke 2 3 
Poo l 9 9 

2 . 5x 1 0  - 3 . 3x1 0 -

( 1 / 3 ) uc uc 

Otumaheke 2 4 
Pool  Soi l 27  27  3 . 92x10 - 6 . 02xl0 -

Rotorua ( 1 /2b ) 1 . 1 x 1 o6 > 1 08 

Otumaheke 3 5 
B ank Soi l 30 30  3 . 4x 106 

- 4 . 6x10 -
> 108 

( 1/2c ) 154x 10 

Otumaheke 3 6 
Whey Si te 9 9 2 . 7x106 

- 2 . 6 6x10 -
1 . 8x108 

( 1 /4 ) 2 . 1 x 1 0  

uc 7 - 3 = uncoun t ab le (> 10 o r g ani sms . cm ) 
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5 . 2 The Compar a tive Use of D i s infec t ants agai ns t 

Free - living Amebae 

5 . 2 . 1 The Use of Chlo rine as a D i s i nfec t an t  agains t 

Free- living Amebae 

The amebicidal c ap ac i t y  of chl o r i ne i s  s hoom 

i n  Tab le XI I .  Because ini t i al ly the deionized 

water exe r t s  neg l i gib le ch lo rine demand , the 

i n i t ial to t al avai l ab le ch lor ine ( TAC ) wil l  equal 

the free avai lab l e  ch l o r i ne ( FAC ) . I t  c an be 

seen t hat N aegler i a  spp . we re mo re s ensi tive to 

ch l o rine than the Acanthamoeba spp . with 0 . 7 9 
- 1  mg . l  of TAC be i ng amebic idal fo r N aegle r i a  

- 1  
spp . as opposed t o  1 . 25 mg . 1  of TAC for 

Acan thamoebae . The diffe r ence , ( TAC - FAC ) , 

known as combined avai l able ch lo r ine ( CAC ) , rep ­

r e s en ts the c h l o r i ne demand wh ich i s  due to the 

o r g anic c on tent o f  the i noculum r e ac ting with the 

ch lorine du ring the 30 min con t ac t  i nte rval . 

Tab le XI I .  The Amebici dal Capaci ty of Ch lo rine 

I nocu l um 
Species  Tp of 

( S tr ain ) pH oc Amebae 
pc1o4 . cm - 3  

r---
N . gr ub e r i  
( Pl 200f ) 

7 . 0  25 1 . 92 

N .  fow ler i 
( M sT ) 

7 . 0  25 1 . 92 

A .  
cas te l l an i i  
( 1 501 ) 7 . 0  25  1 . 92 

A .  
Clil be r tsoni 7 . 0  25  1 . 92 
( A- 1 )  

TAC = to t a l  avai lab l e  ch lorine 
FAC = f ree avai lab l e  ch l o r ine 

Chlo rine Levels  
mg . 1  - 1 

TAC FAC CAC 

0 . 79 0 . 1 6  0 . 630 
0 . 675 0 . 125 0 . 50 
0 . 62 5  0 . 125 0 . 50 
0 . 625  0 . 125 0 . 50 
0 . 55 0 . 105 0 . 45 
0 . 925 0 . 275 0 . 650 
0 . 750 0 . 175 0 . 5 75 
0 . 74 0 . 1 9  0 . 55 
0 . 625 0 . 125 0 . 50 
0 . 575 0 . 125 0 . 55 
1 . 10 0 . 2 5 0 . 8 5 
1 . 02 0 . 22 0 . 80 
1 . 0  0 . 2 5 0 . 7 5 
0 . 85 0 . 2 0 0 . 65 
0 . 80 0 . 1 75 0 . 625 
1 . 25 0 . 25 1 . 0  
1 . 25 0 . 2 5 1 . 0  
1 . 09 0 . 1 4  0 . 9 5  
0 . 95 0 . 20 0 . 75 

CAC = comb i ned avai l ab l e  chlor i ne 

Sur vivo r s  

No . of 
Amebae % 
. cm-3  

0 0 
1 0 . 005 

1 0  0 . 052 
15  0 . 078 
2 6  0 . 14 

0 0 
0 0 
0 0 
7 0 . 03 6  

1 8  0 . 093 
0 0 
0 0 
2 0 . 01 

10 0 . 052 
1 7  0 . 08 9  

0 0 
0 0 

23 0 . 12 
18 0 . 093 



5 . 2 . 2  The Us e of  Altern ative D i s i nfec t an t s  to 

Chlorine agains t Fr ee - living Amebae 
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Tab le XI I I  s hows t he comp ar ative amebicidal 

capaci t y  of ch lor ine di oxide , o zone and deci ­

quam 2 2 2 . Wher e as Naegle r i a  s pp . were o nce 

again mo re s ens i tive to the c hlor ine -cont ai ning 

disinfec t an t  as c omp ared t o  Ac anthamoebae spp . , 

no mar ke d  differ ence in the s en s i t ivit y  amo ng s t  

the four s t rains (MsT , P l200f , A - 1  and 1501 ) 

towards ozo ne o r  deciquam 222 c ould be de tec ted.  

Of the 3 a l terna tive di sinfec t ants examined , 

deci quam 222 exhibi ted the g r e ate s t  amebi ci dal 

capaci ty fol lowed by ch lori ne dioxide and ozone . 



Table XI I I .  The Comparat ive Amebicidal Capaci ty o£ Chlorine di oxide, Ozone and Deciguam 222 

Speci e s  
( S t r ai n ) 

pH 

N .  grube ri 7 . 0  

( P l200£ ) 

' 
N . £owle r i  7 . 0  

( M sT ) 

A .  7 . 0  

c a s t e l l anii 

( 1 5 0 1 ) 

A .  7 . 0 

c u lbe r t s oni 

{A - 1 ) 

Tp 
oc 

2 5  

2 5  

25 

2 5  

- -

I noculum 
of amebae 

x l 04 • cm-3 

1 . 92 

1 .  92 

1 .  92 

1 . 92 

- - - ---

C l 02 
mg . l  

- 1  

I ni ti al Fin al Survivo r s  

1 . 1  0 . 25 40 

1 . 1  0 . 2 5 30 

1 . 0  0 . 25 40 

2 . 0  0 . 5 8 

1 . 6  0 . 35 1 5  

1 . 3  0 . 2 5 20 

3 . 4  0 . 75 -

2 . 9  o .  65 1 

2 . 6  0 . 6 3 

3 . 4 0 . 75 -

2 . 5  0 . 6 1 

03 
- 1  Deciquam 222 mg . 1  

cm3 . 1 -1 

I ni ti al Final Survivo rs I ni t i al Survivors 
. 
6 . 75 0 . 08 20  0 . 05 -

0 . 02 5  4 

6 . 75 0 . 075 20  0 . 05 -

0 . 02 5  2 

6 . 75 0 . 078 2 0  0 . 05 -

0 . 025  6 

6 . 75 0 . 08 2 0  0 . 05 -

0 . 025  2 

0' 
,j::>. 
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5 . 3  Immuni ty to PFLA 

5 . 3 . 1 The Presence of An tibodi es  to PFLA 1 n  Human S e r a  

R andom s amp les o f  f r e s h  human ser a wer e  

obtained from the P a lmers ton No r th , Hami l to n  

and R o t o r u a  dis t r ic t s . The s amp les from the 

P alme r s ton No r t h  area s er ved as a ' c on t ro l ' 

b atch s i nce no thermal poo l s  are located there . 

The presence of an tibodies to bo th pathogenic 

and non -pathogenic f ree - li ving amebae was 

determined by the indirect f luores cen t an tibody 

t e s t s  ( I FAB ) t he resu l t s  of whi ch are pre sen ted 

in Tab les XIV , XV & XVI and P l ates 21 -2 4 .  



Table XIV . P r esence o f  An tibodi es  to PFLA i n  Human Sera from the Palme r s ton No r th Heal th 

D i s t r i c t  

Serum Type Sex B l ood 
N .  f owl e r i  

No . Gro up 
(MsT ) 

Al Mot her 0 neg 1 / 10  = I - l l  

A2 
Cor d  0 pos 1 /5 = I -l l  

B
l 

Mo ther 0 pos 1 / 10  = I - l l  

B
2 

Cor d B pos 1 /5 = I -l l  

c
l 

M o t her  A neg 1 /1 0  = I - I I  

c
2 

Cord 0 pos 1 /5 = I I - I I I  

D l Mot h er 0 neg 1 / 1 0  = I - I I  

D2 
Co rd 0 neg 1 /5 = I I - I I I  

El 
M o t her  A pos  1 / 10 = I I - I I I  

E
2 

Cor d  A pos 1 /5 = I - l l  

Fl 
Moth er  A pos 1 / 1 0  = I - I I  

F2 
Co rd 0 pos 1 /5 = I - l l  

G
l 

Moth er 0 neg 1 / 10 = I - I I  

G2 Co rd 0 pos 1 /5 = I - I I  
-- -

Anti gens /Ti tre o f  Human Ser a  

N .  grube ri 

( P l 200f ) 

1 /20 = I - I I  

1 /10  = I - l l  

1 /20 = I - I I  

1 /10  = I I -I I I 

1 /20 = I -l l  

1 /10  = I - I I  

1 /20 = I - I I  

1 / 1 0  = I - l l  

1 /20 = I - I I  

1 / 1 0  = I - l l  

1 /20 = I I - I I I 

1 /10 = I I - I I I  

1 /20 = I - I I  

1 / 10 = I -I I  

A .  culber t s oni 

( A- 1 ) 

1 /20 = I I - I I I 

1 /5 = I I - I I I 

1 / 20 = I I - I I I  

1 / 5  = I I I - IV 

1 /20 = I I - I I I  

1 /5 = I I - I I I  

1 / 20 = I I - I I I  

1 / 5  = I I - I I I  

1 /20 = I I I - IV 

1 /5 = I I - I I I  

1 / 20 = I I I - I V 

1 /5 = I I I - I V  

1 / 20 = I I - I I I  

1 / 5  = I I - I I I  

A .  cas t e l lanii 

( 1 501 ) 

1 /40 = I -l l  

1 / 10  = I - l l  

1 /40 = I -I I  

1 / 10  = I l -l 

1 /40 = I - I I  

1 / 10 = I - I I  

1 /40 = I - l l  

1 I 1 o· = I I - I  I I 

1 /40 = I I -I I I 

1 / 10 = I - I I  

1 /40 = I I - I I I  

1 / 10 = I I -I I I  

1 /40 = I - I I 

1 / 10 = I - I I  

cont ' d  

(j\ 
(j\ 



H
1 

Mother A neg 1 1 1 0  = I - I I  

H
2 

Co rd A pos 1 15 = I - I I  

I M A pos 1 1 1 0  = I I -I I I  

J M A pos 1 1 1 0  = I I - I I I 

K M B pos 1 1 10 = I 

L F N . G .  1 1 10 = I I - I I I  

M M " 1 1 1 0  = I I - I I I  

N F " 1 11 0  = I 

0 F " 1 110  = I - I I  

p F " 1 1 1 0  = I - I I  

Q M AB 1 1 10 = I - I I  

R M N . G .  1 1 1 0  = I - I I  

s M " 1 1 10 = I 

T F " 1 1 1 0  = I I - I I I  

u M " 1 1 1 0  = I 

V F " 1 1 10 = I - I I  

I V  = very h ig h  i ntens i ty of fluoresc ence 

I II = hi gh inten si ty of f luo resc ence 

I I  = low i n t ensi t y  of f luores cence 

I = very low i n tensi ty of f luorescence 

1 120 = I - I I  

1 110  = I - l l  

1 120 = I I - I I I  

1 120 = I I - I I I  

1 120 = I 

1 120 = I I - I I I  

1 120 = I I - I I I  

1 120 = I I - I I I  

1 120 = I - I I  

1 120 = I - I I  

1 /20 = I - I I  

1 120 = I - I I  

1 120 = I I - I I I  

1 120 = I I - I I I  

1 120 = I - l l  

1 120 = I - I I  

1 120 = I I - I I I  

1 15 = I I - I I I  

1 I 20 = I I I -I V 

1 1 20 = I V  

1 120 = I I - I I I  

1 120 = I I - I I I  

1 120 = I I - I I I  

1 1 20 = I I - I I I 

1 120 = I I - I I I  

1 120 = I I - I I I  

1 120 = I I - I I I  

1 120 = I I - I I I 

1 I 20 = I I I - I  V 

1 120 = I I - I I I 

1 1 20 = I I - I I I  

1 1 20 = I I - I I I  

N . G . = no t gi ven 

1 1 40 = 1 - I I  

1 1 10 = I - I I  

1 140 = I I - I I I  

1 11 0  = I I I - I V  

1 140 = I - l l  

1 140 = I I - I I I 

1 140 = I I -I I I  

1 140 = I I - I I I  

1 1 40 = I - I I  

1140 = I - I I  

1 140 = I I - I I I  

1 140 = I I - I I I  

1180 = I I - I I I 

1 140 = I I - I I I 

1 140 = I I - I I I  

1 140 = I I - I I I 

(j\ -.....) 



T ab l e  XV .  P r e s e n c e  o £  An t i b o d i e s  to PFLA i n  Hum an S e r a  from the Ham i l to n  He a l t h  D i s t r i c t  

S e r um T 
N yp e o .  

-

4 7  N . G .  

48 " 

49 " 

so " 

5 1  " 

5 2  " 

5 3  " 

5 4  " 

5 5  " 

5 6  " 

57 " 

58 " 

5 9  " 

6 0  " 

6 1  " 

6 2  " 

Sex 
B l ood 
G r oup 

N . G .  N . G .  
" " 

" " 

" " 

" " 

" " 

" " 

" " 

" " . 

" " 

" " 

" " 

" " 

" " 

" " 

" " 

- ---------

An ti g e n s /Ti t r e  o £  Human S e r a  

N .  £ o w l e r i  N .  Slru b e r i  A .  c u l b e r t s on i  

( M s T ) ( P l 200 £ ) ( A - 1 ) 

1 / 1 0  = I - I I  1 /2 0  = I - I I  1 / 20 = I I - I I I  

1 / 1 0  = I - I I  1 / 20 = I - l l  1 /20 = I I -I I I 

1 / 1 0  = I I - I I I  1 / 20 = I - I I  1 /20 = I I  I - IV 

1 / 1 0  = I - I I  1 /20 = I - I I  1 /2 0  = I I - I I I  

1 / 1 0  = I 1 /2 0  = I - I I  1 / 20 = I I  - I I I  

1 / 1 0 = I - I I  1 /2 0 · = I - I I  1 / 2 0  = I I - I I I  

1 / 1 0  = I -I I  1 / 20 = I - I I  1 /20 = I I - I I I 

1 / 1 0  = I 1 / 20 = I - I I  1 /2 0  = I I - I I I  

1 / 1 0  = I 1 / 20 = I - I I  1 / 20 = I I - I I I  

1 / 1 0  = I 1 / 20 = I - I I  1 / 20 = I I - I I I 

1 / 1 0  = I - I I  1 / 20 = I - I I  1 / 20 = I I - I I I  

1 / 1 0  = I -l l  1 / 20 = I - I I  1 / 20 = I I - I I I  

1 / 1 0  = I - l l  1 / 20 = I I - I II 1 / 20 = I I - I I I  

1 / 1 0  = I - I I  1 / 20 = I - I I  1 / 20 = I I - I I I 

1 / 1 0  = I - I I  1 / 20 = I - I I  1 / 20 = I I - I I I  

1 / 1 0  = I - l l  1 / 20 = I - l l  1 / 2 0  = I I I - IV 

A .  c a s t e l l an i i  

( 1 5 0 1 ) 

1 / 40 = I I - I I I  

1 /40 = I I - I I I  

1 /40 = I I I -IV 

1 /40 = I I -I I I  

1 / 40 = I I - I I I 

1 /40 = I I - I I I 

1 / 40 = I I - I I I  

1 / 40 = I I - I I I  

1 / 40 = I I - I I I  

1 /40 = I I - I I I 

1 /40 = I I - I I I  

1 / 40 = I I - I I I  
1 / 40 = I I - I I I  

1 / 40 = I I -I I I  

1 / 40 = I I - I I I 

1 /40 = I I I - IV 

• . . c o n  t ' d  

0' CO 



6 3  N . G .  N . G .  N . G .  1 / 1 0  = I - I I  

64 " " " 1 / 10 = I - I I  

65 " " " 1 / 10 = I 

66 " " " 1 / 1 0  = I - I I  

6 7  " " " 1 / 10 = I - l l  

6 8  " " " 1 / 10 = I 

6 9  " " " 1 / 1 0  = I - l l  

70 " " " 1 /10 = I - I I  

7 1  " " " 1 / 10 = I - l l  

72 " " " 1 / 10 = 1 - I I  

73 " " " 1 / 1 0  = I - l l  

74 " " " 1 / 1 0  = I - I I  

75 " " " 1 /1 0  = I - I I  

7 6  " " " 1 / 1 0  = I - I I  
�-

IV  = very high intensi ty of  f l uo rescence 

I I I  = high i n tensi ty of fl uo r e s c ence 

I I  = low i n tensi ty of f luor esc ence 

I = ver y  low intensi ty of f luor escence 

1 / 20 = I - I I  

1 /20 = I - I I  

1 /20 = I - I I  

1 / 20 = I - I I  

1 /20 = I - l l  

1 / 20 = I - l l  

1 /20 = I - I I  

1 /20 = I - I I  

1 /20 = I - I I  

1 /20 = I -l l  

1 /20 = I - I I  

1 /20 = I - I I 

1 /20 = I - I I  

1 /20 = I - I I 

1 / 20 = I I - I I I  

1 /20 = I I - I I I  

1/20 = I I -I I I  

1 / 20 = I I - I I I 

1 / 20 = I I - I I I  

1 / 20 = I I - I I I  

1 / 20 = I I - I I I  

1 /20 = I I - I I I  

1 / 20 = I I - I I I 

1 / 20 = I I - I I I  

1 / 20 = I I - I I I  

1 I 20 = I I -I I I 

1 / 20 = I I I - I V  

1 /20 = I I - I I I  

1 /40 = I I - I I I  

1 /40 = I I - I I I  

1 /40 = I I - I I I  

1 / 40 = I I - I I I  

1 /40 = I I -I I I 

1 / 40 = I I - I I I  

1 / 40 = I I - I I I  

1 /40 = I I - I I I  

1 / 40 = I I - I I I  

1 /40 = I I -I I I  

1 / 40 = I I - I I I  

1 /40 = I I -I I I  

1 / 40 = I I I -IV 

1 /40 = I I - I I I  

N .  G .  = no t g i ven 

(J\ \0 



Tab l e  XV I . P r e senc e of Antibo di e s  t o  PFLA in Human Sera f r om the Rotorua Heal th D i s t r i c t  

Serum 
T N 

ype 
o .  

1 94 

220 

242 

243 

26 1 

2 72 

274 

279 

2 9 1  

6 9 9  

695 

692  

690 

729 

78 1 

790 
- -

Sex 

M 

M 

F 

F 
F 
M 

F 
F 

M 

M 

M 

M 

M 

F 
F 
M 

. 

Blood 
Group N .  fowleri  

{ MsT ) 

N . G .  1 / 10 = I - I I  

" 1 / 1 0  = I - I I  

" 1 / 10 = I - I I  

" 1 / 10 = I - I I  

" 1 / 10 = I - I I  

" 1 / 10 = I - I I  

" 1 / 10 = I 

" 1 / 10 = I - I I  

" 1 / 1 0  = I - I I  

" 1 / 10 = I - I I  

" 1 / 1 0  = I - I I  

" 1 / 1 0  = I - I I  

" 1 / 10 = I - I I  

" 1 / 1 0  = I - I I  

" 1 / 10 = I - I I  

" 1 /10  = I 
- - --·--

Ant i gens/Ti t r e  o f  Human Ser a 

N .  2r uberi A .  culbe r t soni A .  cas tel lani i 

( P l 200f )  ( A- 1 ) ( 1 50 1 )  

1 /20 = I - I I 1 /20 = I I - I I I  1 /40 = I - I I  

1 / 20 = I - I I  1/20 = I I - I I I 1/40 = I I - I I I  

1/20 = I - I I  1 / 20 = I -I I  1 /40 = I - I I  

1/20 = I - I I  1 / 20 = I I - I I I  1 /40 = I - I I  

1 /20 = I - I I  1 / 20 = I I - I I I  1 /40 = I I - I I I  

1 / 20 = I - I I  1 / 20 = I I - I I I 1 / 40 = I I - I I I  

1 /20 = I - I I  1 / 20 = I -I I  1/40 = I - I I  

1 / 20 = I I - I I I 1 /20 = I - I I  1 /40 = I I - I I I  

1 /20 = I -I I  1/20 = I I - I I I  1 /40 = I I -I I I  

1 /20 = I - I I  1 /20 = I I - I I I 1 /40 = I I - I I I  

1 /20 = I - I I  1 / 20 = I - I I  1/40 = I I  

1/20 = I - I I  1 /20 = I - I I  1 /40 = I I - I I I  

1/20 = I - I I  1/20 = I I - I I I 1 /40 = I -I I  

1 /20 = I I - I I I  1 / 20 = I I - I I I  1 / 40 = I I I - I V  

1/20 = I - I I  1 / 20 = I I - I I I  1/40 = I I - I I I  

1 /20 = I - I I  1 /20 = I I - I I I  1/40 = I I - I I I  

I 

I 

• . .  con t ' d  

""-.) 
0 



798  M N . G .  1 / 1 0  = I - I I  

799 M " 1 / 1 0  = I - l l  

844 F " 1 / 10 = I - I I  

848 M " 1 / 10 = I - I I  

8 6 2  M " 1 / 1 0  = I - I I  

875 M " 1 / 10 = I - I I  

878 M " 1 / 10 = I - I I  

879 F " 1 /10  = I - I I  

886 N . G .  " 1 / 10 = I I - I I I 

889 " " 1 / 1 0  = I 

890 " " 1 / 10 = I - I I  

897  " " 1 /10  = I - I I  

9 2 1  " " 1 / 1 0  = I 

946 " " 1 / 10 = I - I I  

I V  = ve r y  high i nten si ty o f  f luor escence 

I l l  = hi gh i n t ensi ty of f l uo r e s c ence 

I I  = low i nt ensi ty of f lur oescence 

I = very low inten s i t y  of  f luo rescenc e 

1 / 20 = I - I I  1 / 20 = I I - I I I  

1 / 20 = 1 -I I  1 /20 = I I - I I I  

1/20 = I - I I  1 / 20 = I I - I I I  

1 / 20 = I - I I  1 / 20 = I I - I I I  

1 /20 = I - I I  1 /20 = I - I I  

1 /20 = I - I I  1 / 20 = I I I - I V  

1/20 = I - I I  1 /20 = I I - I I I  

1 /20 = I - I I  1 /20 = I I - I I I  

1 /20 = I - I I  1 / 20 = I I - I I I  

1 / 20 = I - I I  1 /20 = I I - I I I  

1 /20 = I - I I  1 / 20 = I I - I I I 

1 /20 = I - I I  1 /20 = I I - I I I  

1 /20 = I 1 / 20 = I I - I I I  

1 / 20 = I - I I  1 /20 = I I  - I I I  

N . G .  = no t gi ven 

1/40 = I -l l  

1 / 40 = l i - l i i  

1 /40 = I I I -I V  

1 / 40 = I I - I I I  

1 /40 = I I I -I V  

1 /40 = I I I - I V  

1 /40 = I - I I  

1 /40 = I I -I I I  

1 /40 = I - I I  

1 /40 = I I - I I I  

1 /40 = I I - I I I  

1 /40 = I I -I I I 

1 / 40 = I I I - I V  

1 / 40 = I I - I I I  

....:) 1-' 



P l a t e  2 1 . Pho tomicrograph of N .  fowleri trophozoi tes 

s t ained by I FAB us ing an ti -human serum 

label led wi th fluorescei n  i so thi ocyanate 

(F I TC ) . Mag . � x 1000 . 

P l ate 22 . Pho tomi c r o g r aph of N .  gruberi trophozoi tes 

s tained by IFAB usi ng an ti -human serum 

label led wi th FI TC .  M ag . e a  x 1 200 . 





P l a t e  2 3 . 

P l Ll.  t e  24 . 

Pho e r o g r  of A .  e u l b e  t s o ni r u -

oz o i t e s  s t a i n e d  by I FAB u s i n g  an t i ­
h uman s e r um l a b e l l ed wi t h  F I TC . 7'-l a g . 

e a  x 1 200 . 

P h o t omi e r o g r  of A .  c a s t oz-

oi tes s t ai ne d  by I FAB u s i n g  an t i  h um a n  

s e r um l ab e l l e d  wi t h  F I TC .  . ea 1 000 . 
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An t i bodies to PFLA we r e  fo und in a l l  9 3  

s e r um s amp l e s  t e s t e d  wi t h  t i t r e s  r an g i n g  f r or.J. 

1 /5 - 1 /20 fo r N a egl e r i a  s pp . and f r 9r.1 1/20 -

1 /8 0  f o r  Ac an t h �1 o e b a  s pp . No di ffer ence c o u  d 

be d e t e c ted be t we e n  d i f f e r e n t b lo o d  g r oup s an d 

s exe s , t h o ug h  c o r d  s e r a  d i sp l ayed a l o we r  t i t r e  

t h an ma t e r n a l  s e r a . U s i ng c l as s - s pe c i f i c  l ab e l ­

l e d  an t i - i mm u n o g l o b u l i ns , i t  was sh own ( T ab l e  XV I I ) 

t h a t  t h e  an t ibodi e s  be l o n g e d  p r ir.1a r i l y  t o  t he 
i nn uno g l o b u l i n  c l a s s e s  I gG aml I gM . The o b s e r ­

v a t i o n  o f  an ti b o di e s  be l o n g in g  to t h e  I 9G c l as s  

i s  no t s u rpr i s i n g  i n  view t h a t  i t  r ep l ac e s t he 

i n i ti a l l y  fo rr.J.ed I �! an t i b o d i e s  and h as t h e  

l o n g e s t  h a l f - l i fe o f  t h e  immuno g l o b u li n c l as s e s . 

However t he find i n9 o f  an t i b o i e s  to th e I gM 

c l as s  wi t h  a t i t r e  wh i c h  c l o s e ly p ar a l l e l s  the 

t i t r e  of I gG an t i bodi e s , s u g ge s t s r e c en t c on t ac t  

wi th PFLA . 



T ab l e  XV I I . P r e s en c e  of C l as s - speci f i c  An t i bo d i e s  t o  PFLA i n  Human S e r a  

Adu l t  a n t i - h um an an t i - h uman an t i - h ur.lan Human Ti t r e An t i g e n  
S e r um 

9 5 2  l / 1 0 N . fow 1 e r i  (MsT ) 

1 / 20 N . gru b e r i  ( P l 2 00f ) 

1 / 40 A .  c as t e l l ani i ( 1 5 0 1 ) 

1 / 8 0 A .  c u l b e r t soni ( A - 1 )  

9 5 6  1 / 1 0 N .  fo wl e r i  ( Ms T ) 

1 /2 0  N .  s:1r ub e r i  ( P l 20 0 f ) 

1 / 40 A .  c a s t e l l ani i ( 1 5 0 1 ) 

1 /8 0  A .  cu lb e r t so n i  ( A - 1 ) 

960 1 / 1 0 N .  fowl e r i  (MsT ) 

1 / 20 N .  s:1r ub e r i  ( P l2 00 f )  

1 / 40 A . c a s t e l l an i i  ( 1 5 0 1 ) 

1 / 8 0  A .  c u l b e r t s oni ( A - 1 ) 

I l l  = h i 9h i n t en s i t y of f l u o r e s c e n c e  

I I  = l o w  i n t en s i t y o f  f l u o r e s c en c e  

I = ver y l o w  i n t ensi t y  o f  f l u o r e s c en ce 

I gG ,  I gM ' I gA I gG I �jl'-1 

I I I  I - I I  
I - I I  I I  I I  

I I  I - I I  I I  

I I - I I  I - I I  

I I - I  I I - I  I 

I I I I - I I I I I  

I I I 

I I I  I I  

I I  I I  I I  

I I  I I - I I I I - I I  

I I  I I - I I I  I - I I 

I I  I I - I I I  I - I I  

an t i - h um an 
I gA 

-

-

I 

I 

-

-

I 

I 

-

-

I 

I 

-...) 
lll 



5 . 3 . 2  The P r e s ence of a Speci fic Neu t r a l i zi ng Fac t o r  

agains t PFLA 1 n  No rma l  Human Sera 

Tab l e  XVI I I  shows t : 1e  sp ecifici ty  o f  the an -

t ibodi es as j udg ed by in vi t ro neutrali z a t i on 

t e s t s  us ing cel l cul tu res  a s  an indi ca t o r  of  

pa thogenici ty . N o  neu t r a l i za tion was o b t ained 

wi th  ei ther unhea ted , c omp l emen t i nac ti a t ed 

76 

h ype ril1lP.lune- rabbi t ,  or  human s e ra for  N .  fow l e r i . 
On t he o t her  hand , f r es h  unheated adu l t  as 

oppo sed t o  complement i nac t i va t ed adu l t ,  or cord 

s e r a , neutrali z ed A .  c u lbe r t soni a t  a ti t r e o f  
1 / 10 - 1 / 20 . Fur thermo r e , the addi t i on o f  £ resh 

guinea-pi g  comp l ement di d no t affec t the 

resul t s , no r the u s e  of hype rimmune rabb i t an t i ­

A .  cu lber tsoni - s e r um wi th  a specifi c  I FAB ti t r e  

o f 1 / 1000 , though some delay i n  the fo rma tion o f  

cy topa t h i c  effec t s  ( CPE ) wi th the homo l o gous 

serum was obser ved ( Tab le XV I X I ) . 



' 

Tab l e  XVI I I . Us e of Hyper imm une Rabbi t and No rTi a l  HUTian Sera in Neu t r a l i z i ng N .  fowl e r i  

(MsT) and A .  culbe r t soni (A- 1 )  i n  V e r o  Ce l l  Cu l tur e u s i nq an i no c u l UTI of 

1 . 0 x 104 c e l l s  cTI - 3 

I FAB 
Antigen Anti s e r um t r e a tmen t Ti t r e  Ti t r e 

!'vl sT 

Con t r o l  ( no anti s e r um )  

R abbi t -M s T  heated 5 6
°

C/30 mi n s  1 / 1 0  1 / 500 = I I I  

MsT R abb i t -M s T  heated 5 6
°

C/30 m i n s  1 / 1 0 
+ G . P . C . 1 

R abbi t -M s T  unhe a t ed 1 / 10 

Human poo l e d  unhea t e d  1 / 10 1 / 10 = I I  

A - 1 

Con t ro l  ( no anti s e rum )  

R abbi t -A - 1  h e a ted 5 6
°

C/30 mi n s  1 / 10 1 /500 = I l l  

1 / 20 

A - 1 1 /40 

R abbi t -A - 1  h e a t ed 5 6
°

C/30 m i n s  
+ G . P  . c . I 1 / 1 0  1 / 500 = I l l  

1 / 20 

1 / 40 

1 2 3 

- I I  I V  

- I I  IV 

- I I  I V  

- I I  IV 

- I I  IV 

- I I  I V  

- - I 

- - I I  

- l I I V  

- - I 

- I I I  

- I I  IV 

DAY 
4 5 6 7 

I I I  I I  I l l  

I I  I l l  I l l  IV 

I I I  I I I  I V  

I I  I l l  I V  

----- -------------- ---· --------------

. . .  Con t  1 d 

' l  
'- I 



' 

R abb i t -A- 1 unhea ted 1 / 1 0  1 /500 = I I I  

1 /20 
1 /40 

Rabbi t - 150 1 h eated 5 6°C /30 mi n s  1 / 10 1 / 500 = I 

R abbi t - 1 50 1  heated 5 6
°

C / 30 mi ns 
+ G . P . C .  I 1 / 10 1 /500 = I 

I R abbi t - 1 50 1 unhea ted 1 / 10 1 / 500 = I 
I 1 / 20 

A1 Human h e a t ed 5 6°C /30 mins 
I 
I 1 / 10 1 / 20 = I I  

A
2 

Human heated 5 6
°

C/30 mi n s  
I 1 / 10 1 /5 = I I  I I I 

A
1 

Human unhe ated i 1 / 10 1 /20 = I I  
A - 1  1 /20 

1 /40 
A

2 
Human unhea ted 1 / 10 1 /5 = I I  

B 1 Human h e ated 5 6°C /30 mi n s  1 / 10 1 / 20 = I I  

B
2 

Human h ea t ed 5 6°C/30 mins 1 / 1 0  1 /5 = I l l  

B1 Human unhe a t ed 1 / 10 1 / 20 = I I  

1 / 20 I 

1 /40 
B2 Human unhe a t ed 1 / 1 0  1 / 5  = I I  

: -···- [ - - --

- -

- -

- I 

I I I  

I I I  

I I I  

I I I  

- I I  

- I I  

- -

- -

- I I  

- I I  

- I I  

- I I  
-

-

-

-

-
-

I 

-
- -

-

I 

I I I  

I V  

I V  

I I I  

I V  

I V  

I V  

-

-

I I I  

I V  

I V  

I V  

-

-

I I I  

I I I  

I 

I 

I V  

I V  

-

-

I V  

-

-

I V  

I I  I I  I I I 

I I  I l l  I l l  

- I I  IV 

I I  IV 

- - -

- - I I  

- ------ - -------

. . .  c o n t ' d  

i I I 

' I  
':;:; 



I V  

I l l  

I I  

I 

Poo l ed Human unhe a t ed 1 / 1 0  . 1 / 20 = I I  - - - - - - -

1/20 - - - - - - -

1 /40 - - - I I  I V  

1 /80 - I I I  I V  

Poo l ed Human hea t ed 5 6°C/30 mi ns l / 1 0  1 / 20 = I I  - I I  I V  

A - 1 Poo led Human unheated 1 / 10 1 / 20 = I l l  - - - - - - -

1 / 20 - - - - - - -

1 / 40 - - - - - - I I  

1/80 - I I I  I l l  I V  

Poo led Human hea t ed 5 6°C/30 m i n s  1 / 10 1 /20 = I l l - I I I V  

Poo l ed Human hea ted 5 6°C/30 mins 1 / 10 1 /20 = I l l  - I I  I V  + G . P . C .  I 

= very high in ten s i t y  of f luo r e s cence I = ear l y  CPE ; CPE = roundi ng of V c r o  c e l l s , 
degen e r a tion and refrac -

= h ig h  i n tensi t y  of f l uo r e s c e n c e  I I  = p ronounced CPE t i l i ty and fina l l y  l o s s  
o :f  t he ::!lo no layer . 

= low intensi t y  o£ f l uor e s c ence I l l  = v e r y  p ro nounced 
CPE 

= ve r y  low i n t ens i ty o :f  f J uo r e s c ence I V  = t o t ;:d  degene r a t ion o £  mo no l ay e r  

G . P . C . ' = g u i ne a - p i 0  c omp l em€ n t  

,, 1.0 



u o  

5 .  3 .  3 T h e  R e a c t i on o f  t he C e l l -M ed i a t e d  I r:u:n m e  Sys t e!Tl 
t o  An tigen s o£ Na egl e r i a spp . 

The c r os s - r c a c  t i vi ty o £  homo ] 0 9o u s  ,"lnd 
h e t e r o l o g o u s  a n t i g e n s  o f  Naeg le r i a  sp p . wi t h  
c ompon e n t s o f  t he c e l l -medi a t e d  i mm u n e  ( O.J I ) 

sy s t em , a s j udg ed by t he i n  v i v o  de l ayed h yp e - ­
s e n s i t i vi t y  ( DH )  r espon s e  f rom i n l r ade r!Tl a l ( I ; D )  

sk i n  t e s t s  an d i n v i t r o m. ac r oph .:.tg e i nh j  b i  t i. on 
fa c t o r ( M I F ) t e s t s , i s  d em o n s t r a t e d  ir, P le l c s  
2 5 , 2 6 , 2 7 , 2 8 , 2 9  & 30 and T b l e s  X I X  & ; ·:\. . 

T ab l e  XIX and p l a t e s 25 , 2 6 , 2 7  & 2 8  s h o w  l l  ;\ t 

g u i n ea - p i g s s en s i ti z e d  a g a i n  t N a ev l e r i a  spp . 
el i c i t  a t ypi c a l  DH r eac ti o n . 

T ab l e  XIX . C r o s s - r e ac t i v i ty o f  Homo l ogo u s  and H e t c r o l o n u u s  
An tigens of N acg l e r i a  spp . as judged by 
D e l ayed Hype r s en s i t i v i ty 

- · -

S e n s i t i zi n g 
D i ZL."1 c t e r  o f  

T e s t - An t i gen D . H .  No c' .t l 
An t i gen af t e r 4E� h r  

l'vl s T  9 . 0  + 0 . 1 ffi.P.1 -

N . fowl e r i  P l 20 0f 8 . 0 + 0 . 1  mm. 
-

( M s T ) 0400 6 . 7 + 0 .  1 ffilTl -
s a l i ne -

f\l s T  7 . 0  + 0 . 1 mm 
-

N .  jadi n i  P l 20 0 f  1 0 . 5  + 0 .  l mm 
-

( 0 400 ) 0 400 9 . 0  + 0 . 1 mr:1 
-

s a l i ne -

M s T  7 . 0 + 0 . 1 I!1P.1 
-

N .  �r ub e r i  
P l 20 0 f  1 2 . 0 + 0 . 1 mm 

-

( P 1 200£ ) 0400 8 . 3 + 0 . 1  mm -
s a l i n e -

. .  --

no reac t i o n 

Thi s i s  j udg ed b y  t h e  t ime t aken t o  f o rm. t h e  h a r d ­

n o du l e - l e s i o n  and i nfi l t r a t i o n  o f  mono - n uc l e a r  



P l a t e  2 5 . P h o t om i c r o g r aph o f  s ec t i o n t h ro 

of g u i n e a - pi g immun i z e d  wi t h  N .  fow l e r i 

and s ki n - t e s t ed wi t h  s a l i n e . No te lztck o f  
i n f l i t r a t io n  b y  mo no n u c l e a r  c e l l s . 

M a g . � x 8 0 . 

P l a t e s  2 6 - 2 8 . P h o t omi c r o g r ap h s  o f  s ec t i o n s  t r o  

o £  g u i n e a - p i g i��uni z e d  wi t h  N 
s k i n  

-------

and s k i n - t e s t e d  wi t h  N .  � ow l e r i  ( p l a t e  26 ) , 

� - g r ub e r� { p l a t e  2 7 ) an d 

( p l a t e  2 8 ) .  N o t e  l i t r a t i o n  by mono -

n u c l e a r  c e l l s ( da r k  nuc l ei ) and ac c om ­

p a n y i n g  n e c r o s i s . M a g . e a  x 80 . 



' 

Plate 25 Plate 26 

Plate 27 Plate 28 



P l a t e  29 . P h o t om i c r o g r a ph o f  mi g a t i o n  of i to 

n e a l  exuda t e  c e l l s  f rom a c api l l a r y  t ub e  1 

wh i ch t h e  l ymph oki n e  MI F i s  no t p r e s en t i n  

t h e  c u l t u r e  m e di um ( Co n t r o l ) .  . e a  x 3 0 . 

P l a t e  30 . Pho tomi c r o g r ap h  o f  t h e  i n h i b i t i o n  of mi r a t i on 
o f  p e r i t on e a l  e x ud a t e  c e l l s  :f r om <l. c 

t ub e  by t h e  l ymphok i n e  lVII F wh i c h  i s  p r e s e n t 

i n  t h e  c u l t u r e  m e d i um . The l ymphok i n e  F 

w a s  p ro d u c e d  b y  p e r i ph e r a l  l ymp h o c y  e s  t t 

h ad b e en i s o l a t e d  f r om a g ui n e a -pi g p r e -

vi o u s l y s e n s i t i  t o  ( P l 200£ ) when 
t he s e  l ymph o c y t e s  we r e  c u l t u r e d  i n  t h e  e ­

s e n c e  o f  s o l ub l e  an t i g e n s  fr om 

( P l2 0 0 £ ) . M a g . � x 25 . 
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c e l ls , wi th ei ther homo logo us o r  h e t e r o l og o us 

ant i gen s . The abi l i t y  to respond to hete rologou s 

an t i g en s i s  also reflec ted by th e MIF tes t 

( plates 2 9  & 30 )  though i n  t hi s  cas e the homo lo ­

go us system i s  shown to be the mos t effi c i en t . 

T ab l e  XX . Cro ss - reac tivi ty of Homologou s and He tero lo cous 

Ant igens of Naegleria spp. as judged by 

I nh ibi t i on o f  M ac r ophage s 

Sens i t i zing Lympho cyt e  % I nhi bi t ion S t imu l ating 
An t i gen An t i g en o f  Macrophages 

M s T  M s T  5 2 . 3 8% 

M s T  Pl200f 3 6 . 8 3% 
M sT 0400 25 . 2% 

0400 0400 67 . 6 2% 

0400 M s T  25 . 64% 

P l200f Pl200f 68 . 36% 
--

Sa line M s T  0 
P l200f 0 

0400 0 

S a l i n e  - 0 
I 

5 . 4 V i r u lence o f  PFLA 

5 . 4 . 1  The P res enc e of Ext r acel lular Enzymes in  the 

S upernatan t s  o f  Axen i c  Cu l tures o f  Free - livi ng 

Amebae 

By adapting the me thod o f  Habermann and 

Hardt ( 1 9 7 2 ) ( see M e t ho d  4 . 9 1 )  i t wa s de..non s t r at ed 

that  the ce l l - f r ee f i l t rates o f  axenic cultur e of 

bo th pa thogenic and non -pat hogenic free- li vi ng 

amebae pos s es s ed b o t h  a pho spho lipase 2 ( phospho l i ­

pase A)  as i ndi c a t ed by t he ou ter  c l ear zone , 

and a lysophospho lipase ( phospho lipase B ) as 

i ndi c ated by an accompanying t urbi d zone 
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( P l a t e s  3 1  & 32 ) . C l earing i due t o  p h o spho l ip a s e  

2 r e ac ti n g wi t h  t he phospha tidyl  c h o l i n e  ( l ec i ­

thin ) p r es en t  in t he egg - yo lk t o  p rodu c e the 
high l y  l y t i c  i n t e rmedi a t e  l y s o l eci t hi n , whi c h  

exh ibi t s  de te r g en t - li ke ac t i v i ty i n  so l ub i l i z i n g 

t he l i po -pro tein mi x tu r e , w h i l s t  t u r b i d i t y  i s  
due to t h e  pro duc tion o f  i n so l ub l e  [a t l y ac i d s b , ·  
lysoph o spho lip a s e  reac t ing wi t h the  l ys o l c c i. l l i n  
( Tab l e XXI ) . 

T a b l e  XX I . P roduc t s  o f  Enzym a t i c Hyd r o lys i s  o f  P h o spha i d l:l 

Cho l i ne by D i ff e r en t Phospho l ipa ses 

I I 

Lipid Lipi d 
\l}u. t c [ -

Enz yme - o l  b l e -
s ubs t ra t e  p r odu c t s p r oduc t s  

s n - 1 -Ac y l - 3 - I Ph osph o l ip as e 2 g lyce rop 10s  --
( Phosph o li pase A )  ph o r y l c h o l ine + no 1 1 e  

fat t y  a c i ds 

Lys o l ec i t hinase s n - 3 - g l yc e r o -
Pho s - ( Phosph o l ipase B )  F a t t y aci ds pl 1ospho r )' -
ph a t i dy l c ho l i n e  

-
Cho l i ne Phospho l ipase 3 sn - 1 , 2 -D i - P h o sph o r y l -
( leci thi n )  ( Phosp h o l i pase  C )  g l yc e r i de c h o l i ne 

--

P hospho li pase 4 
sn - 1 , 2 - D i ac y l -

( Pho spho l ipase D )  
3 - g l yc e rop h os - Cho l i n e  
p h a t e  

I 

I 
� 

Addi t ional evidence comes f rom ex t r a c t i ng t l1e  

reac ted agar  zones  wi t h  a 1 : 1  mi x t ure o f  C� �C l :  
CH

3
0 H  fo r determi na ti on o £  chem i ca l  on t en t b y  

thin layer chroma tog r aphy ( TLC ) and t he requi r e ­

men t s  £or egg yo l k  ( as a s o urce  o £  lec i t hi n ) o r  

4% bo vi ne s erum a lbumin £ o r  h aemo l y s i s  o f  s h eep 

e r y t h rocytes  ( Fi g . 9 ) . 

The p r e s enc e o£ l ysophospho l ipas e was £ur th r 
con£i L�ed b y  r ep laci ng t he egg - yo lk i n  t he aga r 

p l at es wi t h  8 . 0 mg o£ lyso leci t hi n . N o  



P l a t e  3 1 . C l e a r i n g  o£ e g g - yo lk b y  c e l l - £ r e c  J t r a t e s  
£ r om expo n en t i a l e axeni c c u  t u re s  

p a t h o g e n i c  an d n on -pa t h o g e n i c  s t r  n s  o 

( M s T , NHI , Ts - 1 , P l 200 f ) and 
( A - 1 , 150.1 ) .  No t e  t h e r l a -

t i vc l ac k  o f  1 nnc r o f"  t u r b i :li 
c LJ. ti n g l ow c ti on o :f  J ys l . __ J s e .  

P l LJ. t e  32 . C l e a r i ng a n d  t u r b i di t y  o f  e g g - y o  c e l l -

f r ee f i l t ra t e s  f rom s t a t i o n a r y  p h a s  axe n i c 

c u l t u r e s  o f  p a t h og eni c and n o n - p a  c n L c  

s t r a i n s  o f  A c a n t h amo eba . No t e  i n n c: r  r i n cJ o f  

t u rbi di t y  d u e  t o  i n c r e a s ed p r oduc t i on o:f 

l y s opho s p h o l i p as e . M a g .  � x 1 . 5 .  
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F i gu r e  9 .  T h i n - l a y e r  c h r oma t o g r am s  o :f n cu t r a l i p i d s  a n d  

p L o s p ho l i pi d s  £ r om ex t r a c t s  o f  c l c.: :u z o n e s  o i  

EY p l a t e s . 



TG 

FFA 

C HO L  

D G  
MG 

Z o n e  

@ � 
f?dJ 
� 

Standard 

N eutral L i p i ds 

T G  = I r i g l y c c r i de s  

D G  = D i g l yc e r i d - s 

MG = lono g l yc0 r i dc s  

� 
0 

Agar 

F FA = F r e e  .fa i.. t y - ac i d s  

C HO L = Cho l e s t e ro l  

PC 

Lyso PC 

Zone S t a nda rd  Aga r 

P h os p ho l i p i rt s  

P C  = P h o s p h <=� t i ci�r J c 1 0  l i n e 

Ly s o  PC = Lysop ··10 sp�1 a t. i dy l 
cho l i n12 

8 lJ 
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pho spho l ipase C was d e t e c t e d , as \· idcnced b y  L� C' 
l ack of t u rbi di ty i n  egg - yo l k  p l a t es , t he l a c k  o :  

di g l yc cr i de s from TLC and t he fai l u r e  t o  h a e ::10 1 y � c  
s h eep e ry th roc y t e s  un l e s s  a n  exogeneous so u r c e  o i  

pho s p h a t i dy l  c h o l i ne was p r e s en t . Rep l <:1 c cmcn t o f  
the egg - yo lk w i t h  c a s ei n a l so f <:1i led t o  r ev e a l  
any p r o t ei na s e s . 

T h e  r e su l t s  i n  Table XXI I and P l.:.\ t c s ] J & J..:b 

demo n s t r a t e  t he i n h ib i t i o n  o£ cx t r ac e l l u l <:1r pho s ­

pho l ipas e 2 b y  compe t i t i ve i n hib i. t i on u s i n u  a 

syn t h e t i c  ana l ogue o f  l ec i thi n ,  D i me t hy l -DL - 2 , 
3 - di s t e a r o y loxyp ropyl dime t h y l - 2 - 1  rdroxym e thy ! ­
ammon i um ac e ta t e , Ro sen t h a l ' s  i nh i b i to r ( RH ) . 

Fu r the rmo r e  t h e  p r e s en c e  of exc e s s  EDTA al s o  

i nhi bi t e d  t he enzym<l t i c  rcac t i o n , by cor1p l C 'xi ng 

Wl. tl" Ca
2 +  

d Mg
2+ 1 . 1 d d :f t . 

. t · ' <:1n w l l C  1 a r c  nee e r 0. c  · l v l y .  



Tabl e XX I I . Effec t o f  2 . 6 4 & 5 . 28 x 10
- 2

1\1 R o s e n t h a l ' s  I nh i b i to r o n  Phospho lipase 2 Ac t i vi ty i n  

EY Agar 

C l e aring C l e ar ing C l earing Clearing 
Speci es No . of af'lebae Rx i n  EY Rx i n EY R x  i n  EY Rx i n  EY 
( S t rain ) . CI'l - 3 X 1 06 Agar Agar + Ac e tone Aga r + RH Agar 

( c!'l )  ( cm )  ( c!'l ) ( CI'l ) 

Naegl e r i a  spp . 2 . 64x1 o - 2M 

M sT 5 . 1 0 . 70 0 . 70 0 . 34 -

NHI 5 . 0 0 . 65 0 . 65 0 . 3 2 -

T s - 1  5 . 3  0 . 28 0 . 28 - -

P l200f 5 . 1  0 . 5 8 0 . 5 8  0 . 28 -

0400 5 . 0 0 . 3 1 0 . 3 1 0 . 1  -

5 . 28x1 o -2M 

MsT 5 . 1  0 . 70 0 . 70 - -

NHI 5 . 0 0 . 65 0 . 65 - -

Ts - 1  5 . 3  0 . 28 0 . 2 8 - -

P l200f 5 . 1  0 . 5 8  0 . 58 - -

0400 5 . 0  0 . 3 1  0 . 3 1 - -
---- --- ----- -- - - ---------

' 

con t ' d  

CXl CXl 



I I Acanthamoeba spp . 2 .  6 4x 1 o - 2;vi 

A - 1 5 , 4  0 . 7 6  0 . 7 6 0 . 38 -

1 50 1  5 . 2  0 . 60 0 . 60 0 . 29 -

1 5 3 7  3 . 0 0 . 4 1 0 . 41 0 . 20 -

P23 5 . 1 0 . 65 0 . 65 0 . 33 -

5 .  2 8 x 1 o - 2rvi 

A - 1  5 . 4  0 . 76 0 . 76 - -

1501  5 . 2  0 . 60 0 . 60 - -

1 5 3 7  3 . 0  0 . 4 1 0 . 41 - -

P 23 5 . 1  0 . 6 5 0 . 65 - -

RX = r eac tion 

no r eac ti o n  

Rosenthal ' s  I nh ibi tor ( RH ) = Dime t hy l -DL -2 , 3 -Di s tear oy loxyp rop y l - 2 - hydroxye thy l - a.I'lnoni um ace t a t e  

CO • C)  



P l a t e  3 3 . C l e a r in 0  o f  c g c - yo lk b y  c e l l - f r e e  f i l t r a t e s  

f rom 48 h r  e xpo n en t i a l  c c u l  u r e s o 

p a th o g e n i c and no n - p a t hog enic s t ra i n s  o f  

N aeg l e r i a  ( NHI , T s - 1 )  and Ac a n t hamo e b a  

( A - 1 , P2 3 ) . 

P l a t e  3 4 . I n h i b i t i on o f  c l e a r i ng o f  egg - y o lk c c: 1 -

f r e e  l t r a t e s  f r om 4 8  h -r ax e n i c c u l t u r e s  

p a t h o g e ni c  a n d  n o n - p a  c 

( NHI , Ts - 1 )  and Acan t h amo cba ( A ­

t h e  i nc o rpo r a ti on o f  5 . 28 x 1 0  

i nh i b i t o r . 

J_ a 
b y  

H o sc:n t h a l  r s 
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5 . 4 . 2 P roduc t ion of Phospho lipas e  2 1 n  Axen i c  C u l t ur e s  
o f  F r e e - l i ving Amebae 

Tab les XXI I I  & XXI V  s how t ha t  t he maxim ur.1 

ac t i vi t y  of pho spho l ipase 2 by bo th Naea _e r i a  

and Acan thamo eba spp . respe c t i v e l y , \·\Tas  ob t ai n ed 
f rom axenic c u l t u r e s  exhib i t ing an i n c r e� s c  i n  
ce l l  n umbe r s . Thi s  was e s p e c i a l l y  m � rk d 1o r 
Naegl e r i a  spp . and appeared t o  b e  l i nked to c . - ­
ponen ti a l  growth . ( Tab le /XI I I ) .  
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T ab le XXI I I . Produc t i on of Phospho l ipas e 2 by Naegl e r i a  spp. 

Spec i e s  
( S t r ai n )  

N . fow l e r i  
( M s T )  

N .  fowl c r i  
( NI-IT ) 

N .  fo wl e r i  
( Ts - 1 )  

N �- gn ib e ri 
(Pl200f ) 

N .  jadi ni 
(0400 ) 

con t ro l  CYM 

ce l l sx10° 
. cm - 3 

a t  
samp l e  

t ime 

4 . 5  
10 . 0  

6 . 4  
2 . 4  
2 . 5  

3 . 4 
8 . 9  
6 . 0  

Zone di ame t e r of c le a r ed 
a g a r  ( cm )  during in cub atio n 

24 h r  48  h r  72 h r  9 0  h r  

0 . 9 
0 . 65 

0 . 25 

0 . 65 
0 . 72 

0 . 60 

2 . 9  0 . 2 2 

1 2 0 h r  

0 . 2 5 

2 . 5  0 . 2 5  

3 . 1  0 . 1 8 
8 . 4  0 . 3 1 
6 . 9  
3 . 0 
2 . 8 

3 . 6  
8 . 0 

1 1 . 0  

0 . 53 
0 . 6 1  

0 . 2 0  

0 . 65 
6 . 7  0 . 4 
6 . 0  O . J  

2 . 6  0 . 25 
6 . 0 0 . 35 
2 . 6 
2 . 4  

1 . 0 

0 . 25 
0 . 10 

no reac t i o n  

Wi t h  Acan thamoeba spp . maximum a c t i vi ty was 

ob t ai ned from ce l l - f r ee supernatan t s  of c u l tu r es 

exhi bi t ing s tationary g row th ( Table XXIV ) . 
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T ab l e  XXIV . Produc t i on of Pho spho lipas e 2 by Acc:m t har10cba 

� ·  

Species 
ce l l s x 16' Zone diam e t e r  o f  c l e a r e d  

. c1:1 - 3 ag a r  ( cm )  dur i n g  inc uba t i on 
(S t r v.i n) a t  

S<?J!lp le 
t lme �4 h r  48 h r  7 2  h r  90 h r  1 20 h r  

I 
2 . 8  0 . 5 2 I 

A .  6 . 3  0 . 78 I 
c ulber t s oni 

9 . 8  0 . 9 5  (A - 1 ) 
1 7 . 2  1 . 1 5  

8 . 9  1 . 4  

2 . 2  0 . 3 1 

A .  
5 . 7 0 . 60 

cas te l l an i i  7 . 5  0 . 68 
( 1 50 1 )  1 1 . 1  0 . 8 4 

9 . 0  . 9 

2 . 2  0 . 3  

A .  
4 . 0  0 . 58 

r hl:sodes 6 . 0  0 . 64 
( 1 5 3 7 ) 

1 2 . 1  0 . 8 2  

8 . 3  0 . 9 2 

2 . 5  0 . 4 

A .  5 . 1 0 . 66 
-

po ll:pha9a 1 3 . 9  0 . 70 
( P2 3 )  

1 7 . 7  0 . 8 1 

9 . 1 0 . 9 6 

con t ro l 
- - - - -

ne££ 
I 

no r eac t i o n  

I n  b o t h  gene r a , s t a t i o n ar y - l y s i s  p h a s  s we r e  

acc ompani ed b y  a n  accur.1ul ation o £  l ysopho spho l i ­

pase i n  the cul t ur e  s uperna tan t , as j udg ed by t h e  

inc r easing r a t i o  of c l ear : turb i d  zones i n  egg ­

yo lk p l a t e s . F u r t h e rmo re , t h e  pa t ho g eni c s t r a i n s  
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MsT , NHI and A - 1  p r oduc e d c ompa r a t i v e l y  r10 r c  

pho spho lipas e 2 t han t h e  no n -pa tho ge ni c s t r2- i n s . 
Th i s  was e spec ia l l y marked be tween t h e  p a t ho <Jen i c  
N .  f owl e r i  s t r ai ns !\ 1 sT , NHI a n d  t he non -- p a t hogen i c  
N .  fo wl e r i  s t r ai n  Ts - 1 . 

5 . 4 . 3 T h e  P r e l im i n a ry I so l a t ion o f  P ho sp 1 o l ip2- s c  � 

f r om Axen i c  Cu l tu re s  o f  N .  fo w l eri ( l s T ) 

5 . 4 . 3 1 The I s o l a t i o n of P h o spho l ip2- s e  2 f rom 
S e r um - s uppl emen t ed Axen i c  Cu l t u r e s  

F i g . 5 ( s ee M e th ods 4 . 9 . 4 )  b o w s  t i l e  
i s o l a t i o n  p r o c edu r e  wh i l e  Fi g s  10 , 1 1 , 1 °  & l J  

show t he re l a t i ve p u r i fi c a ti on a t  e a c h  
s tage as j udged by p o l y a c r y lami de <J e l  

e l e c t ropho r e s i s  ( PAGE ) . T h e  spec i fi ac ­

t i v i ty ( i . e .  ac ti vi t y . mg - J  p ro t e i n ) o f  
e ac h  f r a c t io n  c o u ld no t b e  de t e rm i n ed d u e  

t o  th e i n h e r e n t  v a r i <lb l c s  i n  cl. � iZ\ r Z\ S S ,l. )' 

s y s t em s  e . g .  c on c e n t r 2- t i on e f f e c t s  o n  d i f ­
f u s i on o f  p r o t e i n s  t hr o ugh th e ag a r ( Tab l e  

XXV ) . 



F i g u r e  1 0 . PAGE p r o f i l e  o f  t h e  s upe rna t an t  L r om s e r um ­

s up p l em cm t ed axeni c N .  fowl cri c ul t u r c . 

F i g u r e  1 1 . PAGE p r o fi l e  o f  t h e  40- 60% ( NI ) 2 so 4 p r ecl ­

pi t a t e d f r a c t i o n  of t h e  s e r um - s up p l em e n t e d  

axeni c N .  fow l e r i c u l tur e .  
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F j g u r e  1 2 .  

F i o u r e  1 3 .  

PAGE p ro l e  o f  50 , 000 l\ll'J u 1 t r afi 1 t r a t i on 

f r a c t i  an of s e r um - s upp l emen t ed c 

N .  Cowl c r i  c ul t ur e . 

P/\GE profi l e  o£ th e SEPBADEX G - 100 f r a c t i on 
o f  s e r um - s upp l emented axeni c N .  fowl e r i  

c u l t ur e . 
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T ab l e XXV . E ff ec t  o f  P r o t e i n  Co nc e n t .r a t i on o n  thE: f( e <:\c t i on 
o f  N .  fowl e r i  (M sT) and A .  c ul b e r t so ni ( A - 1 )  

Cel l - fr e e  F i l t r a t e s  i n  EY aga r 

A:r.l e b i c  
F i l t r a t e  

N .  f o w l e r i  
( l\'lsT ) 

Con t ro 1 CYM 

A . cu l b e r t s o ni 
( A - 1 )  

C o n t ro l  Nef£ 
-

= no r ea c t i o n  

I i P ro tei n C l e a ri rHJ 
D i l u ti o n Co n c en t r a t i o n  o £  EY 

r.lg . cm - 3  Aga r  ( cm )  

Ne at 20 0 . 7 0  
1 / 2 1 0  0 .  ,.J:--1: 
1 / 4 5 0 . 3 2 
1 /8 2 . 5  0 . 2 0  

N e a t  1 8  -

Ne a t  5 0  0 . 8 0  
1 / 2  2 5 0 .  CA 
1 / 4  1 2 . 5  0 . 43 
1 / 8 6 . 2 5 0 . 30 

I Ne a t  46 I -

Enzym e  ac t i v i ty a s  j udged by c l e a r i n g  o f  
t h e EY a g a r  was r e t a i n e d i n  t he f r a c t i o n 

p r e c i p i t a t e d  by e i t h e r  40 - 60% ( NH4 ) 2so4 
o r  b y  1 : 1  s up e r n at an t : c o l d  C H3cH 20H . 
D i .-:\ l ys i s  a g ai n s t  2 .  5 :ml\1 hepes p H  7 . 5 a t  
4°C o v e r ni g h t  a l l owed r emo v a l  o f  con t ami ­
n a t i ng ( NH4 ) 2so4 and p r o t ei n s , wh i l s t  

u l t r af i l t ra t i on a l lowe d  no t o n l y  con c e n ­
t r a t i o n  o f  t he e n z ym e  fo r SEP HAD EX g e l  
f i l t r a ti on b u t  a l s o  s u g �ws t e d  a l\1 . W .  r an g e  
of < 1 0 0 , 000 & > 5 0 , 000 d a l  t o n s  i n  th at 
ac t i v i t y  was no t r e t a in ed by an � �  1 0 0 , 000 
MW fi l t e r  but w a s  by an XM 5 0 , 000 �'IW f i l t e r  
Fu r t h e r  p u r i f i c a t io n  was c a r r i ed o u t  o n  
SEPHADEX G - 1 0 0 . 

B y  fo l l o wi n g  t h e  p u r i f i c a t i o n  of t h e  



e n z yme b y  PAGE , i t  c a n  b e  ob s e r ved f rm:-1 
t h e  pr o t e i n p ro fi l e s t hat t h e  o n l y  c o n ­

t ami na ti ng m edi a -p r o teins b e l on g e d  t o  t he 

2% bo vi ne s r a  added t o  t h e medi a ( Fi g s  1 �  

& 1 5 ) .  No p r o t ei n b a n ds wer e ob t ai n ed 

f r om th e c a s i t o n e , ye as t - ext r a c t or h aemi n  
co n s t i t ue n t s o f  th e media . A l t h o u g h  t h e  

p u r ifi c a t i o n  s ta g e s  r emo ved t h e  co n t .J.m i ­

na t i ng a lpha ((X )  , b e t a  ( p, ) and g amm a  (y)  

peaks o f  bo ' i n e  s e r a , t h e  a lb umi n pe�\.1(. w .:1. s  

.f u r t h e 1: p u r i f i ed al o n <J wi t h  bo th pho s ­

pho l ipase 2 and l y sopho spho l ipa s e , b e i. n L  

e l u t ed wi t h t h er.1 i n  t h e  s ame .f r ac t i o n s . 
Th u s  bovi ne sera a lbumin a l so ac t ed 
i ndi r ec t l y  as a MW ma rke r  for b o t h e n z ym e s . 

I t s M W  o f  6 7 , 000 da l t on s ag r ee d  wi th t he 

u l t r afi l t r a t i on r e s u l t o f  a f'l . W .  of 

L 1 00 , 000 b u t  >50 , 000 d a l tons . 

B y  c or.1p a ri n g  t l1e PAGE p r of i l e s  o f  t h e  
SEPHADEX G - 1 0 0  :C r a c t i o n  wi th m e d i a  c om -

po n en t s , 2 ext ra pe a.ks ( l abe l led A + I3 )  

( Fi g . l J ) r ep r e s en t i ng pho spho l i pas e 2 and 

l y sophospho lipase we r e  r ev ea l ed . Evi de n c e  

f o r  t h e s e  peak s  b ei n g bo th pho spholipase 

2 and lys ophosph o l i pas e c am e  f r om u n s t a i n e d  

g e l s wher e b o th c l ear i ng and t u rbi di ty was 

o b s e r v e d  at t h e app rop r i a t e di s ta n c e  f rom 

t h e  o r i gi n  when suc h g e l s  wer e  p l ac e d  i n  

egg yo lk ag ar pl a te s ( p l a t e 3 5 ) . F u r t h e r ­

mo r e , a lbum i n  mus t h av e  an exc es s  o f  n e g a ­

t i ve c ha r ge s as i t  mi g r a t e s  s ub s t an t i a l l y 

t o wa rds t h e  an ode . 

5 . 4 . 3 2 The I s o l a ti o n  of Pho sph o lipa se 2 from 

S e r um - f r e e  Axen i c  C u l t u r e s  

B e c a u s e  bovi ne se rum-free medium PAGE 



F i g ur e  1 4 .  

F i g u r e  5 .  

PAGE p r o fi l e  o f  s e n.u:1 - s upp l eme n t e d axe n i c 

c u l t u r (c'! m e d i um . 

PAGE p r o f i l e  o f  s t e r i le bo vi ne s e r um .  
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profi les  g ave no con t ami n a ti n g p r o te i n  

b an d s  ( Fi g .  1 6 ) ,  i s o l a t ion o f  pho spho l i ­

p a s e  2 wa s at t emp t e d  u s in g t h i s  nedi urn . 

P r o te i n  w a s  a ga i n  p r ec ipi t a t e d  b y  ei t h e r  

40 - 60% ( NH4 )  2so 4 o f  1 :  1 supe1:na t an t : c o l d  

CH3CH20H b u t  becau s e  of t h e  c ompa r a t i v e l y  

poo r yi e l d  o f  t o t a l  p ro t e i n ,  i t  c ou l d  b e  
app l ied di r e c t l y on to  SEP��DEX G - 100 f o r  

g e l -fi 1 t r a t i o n  and ck s a l  ti n�l · P ho sph o l i ­

p a s e  ac t i ve f rac t i on s  we r e  t h e n  poo l ed 

to g e t he r  an d c o n c en t r a t ed b y  ul t rafi l ­
t r a t i on t h ro ugh an XJv1 5 0 , 000 �lW f i l t e r  and 
t h en subj ec t ed to e l e c t ropho re s i s  o n  

p o l yac r y l am i de ge l s . 

By c omp a r i n g  F i g s  1 6 , 1 7  .� 1 8  , i t  c an 

b e  s een t h a t  two ex t r a  p ro t e i n pealcs w e r  
o b s e r v e d  only on t h e  u l t r afi l t r a t i o n  

f r a c ti o n , o n c e  a g a i n  c lo s e  to t he o r i g i n . 

F u r the rmo r e , u nf i x e d  g e l s  r e ac t e d  on an 

eg g - yo l k  p l a t e gi vi ng bo th a c l ear an d 

t u rbid zone ( typi c a l  of bo t h  a phospho li ­

pa s e 2 and l ysopho sph o l ipas e )  a t  a di s ­

t an c e  wh i c h  c o r r e s pon ded to t h e  two peak s  
o b s er ved i n  t h e  f i x e d  and s t ai n e d  po l y ­

ac r y l am i d e  ge l . As w e l l ,  an ti s e r �® r ai s e d  
a g ai n s t t h e  p u r i f i e d  f r a c t i o n exhi bi t i n g  

bo t h  phospho lipas e  2 and lysopho spho lipase 

ac t i vi t y  yi e l ded o n l y  2 pr ecipi t i n  l i ne s 1 n  g e  

di ffusi o n  a s s ays ( Fi g . 1 9 ) . T h i s an t i -

s e r um  a l s o  c omp l e t e l y i n h i b i t e d  t h e  c h a rac ­

t e r i s t i c  c learing o f  t h e  EY a g a r  p l a t e  by 

t h e  ce l l - f r e e  fi l t r a t e  f r om an axeni c 

c u l ture of N . fow l er i (MsT ) when i t  was 

i nc orpo r a te d  i n to t he axeni c  c u l t u r e  

1�1 e di um to 1 0 . 0% ( V  /V ) .  



F i  u r e  1 6 . 

Fi cJ U r e  1 7 .  

Pi\GE p r o fi l e  o :f  s e r um - f r e e  ax<>. n l c  c u i  t u r e  

medi um . 

PAGE fi l e  of the s upe rn a t an t  f rom s e r um -

:f r e e  axe n i c  N .  fow l e r i  cu l t u r e . 
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F ( r l\GE p r o 1 i l e  o f  t h e  SEP iffiDEX G - 1 00 f c .:t c U on 
o s e rum - f r e <c:  .:txen i c  N .  fovvl e r i  c u l  t u r c . 
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F i c: u r e  1 9 . G e l - di f f us i o n p a t t e r n  us i n g an t i  
pa s e s s e r um. . No t e  t h e  t wo p r e c  

b e t ween t h e  a n t i - s c r um and 

spho 1 i -
j . � U1 J i nC' S  

2 and l y sop h o spho li pa s e  e n z ym e s  i s o Led 

:f r om t he 0xe n i c CYTvJH s up cc� r na t < u1 t o 

N .  :fo vJ l c r i  U-1 s T ) c u l  t u n::: s zmd he� < lCk o :f  

r c? ac on wi t h  the medi a ( CYI\! H )  . 



1 0 3  

P h l1spho l ipase 2 a n d  Lysop hospho l i pase 

0 

0 Habbit  ant i - se rum 

0 
C Y M H  med i a  



P l a e 3 5 . 

P l a t e 3 6 . 

C l co Z\ Li ng and t urbi di t y  o f  e g g - yolk ( c l o s e  to 

t he o r .i g i n ) a f t e r  na t i ve PAGE of p u r i £  i e d  

p h o s p ho l i p a s e s . 

S c ann i ng e l e c t r onn:ii c r o g r aph o f  c on t r o l  V e r o  

e e l  c u l t u r e  mono laye r . No t e  c on f l u en c y  o f  

o f  m o n o l a y e r , and m i c r o v i l li . M ag . X 2600 . 
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5 . 4 . 4  V i r u l enc e o f  Amebae a n d  Ce l l - free Axeni c  Fi l t r a t e s  

l n  V e r o  Cel l Cul ture  

Tab l e s  XXV I  & XXV I I s ho w  t he r e l a t i ve f o r ­

m a t i on o f  CPE by b o th p a t h o g en i c  and n o n - pa t h o g en i c  

sp ec i es o f  Naegl e r i a  and Acan t h amo eba. i n  V e r o  c e l l  

c u l t u r e . The pro g r e s s i ve des t r uc ti on of t h e  c e l l 
mono l a.yer  by N .  i"owl e r i  ( !Vl s T ) i s  s hown i n  P l .l. t e s  
3 6 , 3 7 , 3 8 , 3 9  & 40 . A l l p a t ho g en i c s t rai n s  

( J'vl sT , N1 TI , A - 1 )  p ro d u c ed ea r l y  CPE and a t  much 

lowe r i no c u l a  wh en cor.1p a r ed t o  the non - p a  t h o g c n  · c 
s t r a i n s  ( Ts - 1 ,  P l 200f , 0400 , 1 5 0 1 , 1 5 3 7 , and P23 ) . 



T ab l e XXV I . Th e R e l a t i v e F o r m a. t i on o f  Cy t opa t hi c  EI£ ec t s  i n  V e r o  CE! l l  C u l t u r e  by 

di f fe r e n t  i no c u l a  o �  Naegl cr i a  spp . 

s i z e o f  I No . o f  days fo r deve l o pme n t  o f  CPE 
Sp e c i es 

( S t ra i n ) 
i no c u l a _

3 r I c e l l s . cr.1 1 2 3 4 5 6 

5 X 1 0 5  I V  

N .  fowl e r i  
5 X 1 0 4  I I  I V  

( M s T )  5 X 1 0 3  - I I l l  I V  

5 X 1 0 2  - - I I I  I l l I V  

5 X 1 0
5 

I V  

N . fowl e r i  5 X 104 I I I I  I V  

( NHI ) 5 X 1 0 3  - I I I  I I I I V  

5 X 1 0 2 - - I I I I  I I I  

N . fo w l e r i  5 X 1 0
5 I V  

( Ts - 1 )  5 X 1 0
4 

- - I I I I  I I I  

N . jadi n i  5 X 1 0
5 I V  

( 0400 ) 5 X 1 0
4 

- - - - - - I 
- --�---L__. __ - ---- - ------ ---·--------- I 

7 

I V  

I I I  

-
--

. . .  co n t ' d  

' 

....... 
0 c 



N .  gr ub e r i  
( P l200 £ )  

Co n t ro l  
----------- -- -----------

5 X 10
5 

5 X 10
4 

I = begi nni ng of CPE 

I I  = p r onoun c e d  C PE 

I I I  = ve r y  p ro nounc ed CPE 

I V  

-

-

I V  = c omp l e t e  b r eakdown o f  mono l a ye r  

= no CPE 

- - - -

- - - -
, 

-

-
------- -

-

-

f-' 
0 --..) 



Tab l e  XXV I I .  The R e l a ti ve F o rma t i on o f  Cytopa t hi c  Ef fec t s  i n  V e r o  C e l l  Cu l ture by 
di ff e r en t  i no c u l a  o£ Acan th amoeba S DD . 

Spec i es 
s i z e  of 

( S t r a i n ) 
i no c ul a

_ 3 
cel ls .  cm 

5 X 1 0 5  

A .  c u l be r t so ni 
5 X 1 0

4 

( A - 1 )  5 X 1 03 
5 X 1 0 2  

A .  c a s t e l l ani i 5 X 1 05 

( 1 50 1 )  
5 X 1 0  

4 

A .  r h;;::s o de s  5 x 1 0 5  
( 1 5 3 7 )  5 X 1 0

4 

A .  po l�Eh a�a 5 X 1 0
5 

( P 23 ) 
5 X 1 0 4  

Con t r o l  
-- --·- -·--'----�-----

I = b e g i n n i n g  of CPE 

I I  = p rono unced CPE 

1 

I V  

I I  

-

-

I V  

-

I V  

-

I V  

-

-

No . 

2 

I V  

I 

-

-

-

-

-

o f  day s  f o r  d e ve lopme n t  o f  CPE 

3 ! 

I I I  

-

-

-

-

-
----

4 

I V  

I 

-

-

-

-
--------- -

5 

I 

-

-

-

-
---------- ----

I l l  = ver y p rono unced CPE 

I 6 

I l l  

-

-

-

-
:_____ --- -·--- -

I V  = c omp l e t e  b r e.:.tkdo wn o f  r.1ono l aye r 

= no CPE 

7 

I V  

-

-

-

-
----

t-' 
c 
CO 



P l ate 37 . Phot omi c r og r ap h  o f  V e r a  c e ll cul t u r e  mono -

ay r i nfec ted wi t h  N .  fowle r i  showing 

b c: ginni n g  of CPE . No t e  t h e  char ac t e ri s ti c  

c l ear  halo s u r r oundi ng t he t ropho zoi te . 

�h<J . x 300 . ( F r om Cur sons & Brovm , 

. 9 7B J . 

P L.1. t r:  38 . S e  arm i ng e l c:c t ronrni c r o g r  aph s howi ng a t t ac h -

mcn t o £  N .  t ropho zoi te onto  Ve r a  c e l l  

c u l t u r e  mono l ayer b y  p s eudopods . No t e  

e x t en si ve v acuo l a ti on of V e r o  c e l l s ' cy t o ­

p l asm and los s o £  m i c r ovi l li . Mag . e a  x 2000 . 



1 09 



1 1 0 

• 



P l a te 39 . Photomic rograph of Vero c e l l  cu ltu 

l ayer i nfec ted wi th N. fow l e r i  sho 

p rono unced CPE . No t e  loss of mono 

r ep l a c ement of Vero ce l l s wi t h  _!i� 
t r ophozoi tes . Mag . ea x 1 50 . ( F r  

& Br own , 1978 ) . 

P l a te 40 . Sc anning elcc troi1P.li c r o g r aph o f  Vc 

t ure i nfec ted wi th N .  fowleri . N 
gress1ve des t r u c t i on o f  mono lay e r  

x 1 400 . ( From Cur sons & B rown , 1 



1 1 1 

Tab l e  XXVI I I  s hows the fo rma t i o n  o f  CPE i n  
Vero c e l l c u l t u r e  b y  pho s p h o l i p a s e  2 ac t i ve c e l l ­
£ r e e  fi l t ra te s  o f  axe n i c a l ly g ro wn pa th ogeni -

and non - p a t h o g e ni c  amebac . As c an be s e en , t h e2  
cy t o p a t h o g en i c i ty of t h e s e  ce l l -f r ee fi l t r n t e2 s  
t o wa r ds t h e  m o no l a y e r  dep ends upon the r e la ti ve 

amo un t s  of pho s ph o l i p a s e 2 p r e s en t i n  th e fi l t r a t e  
a s  as s e s s e d b y  t hei r r eac t ion i n  EY Rga r . 



T ab le .XX'VI I I . The I< cl a t i ve Formation o f  Cytopa th i c Eff c c l s  
i n  V e r o  C e l l  Cu l t ur e  by C e l l - f r ee Fi l t r a tes 

from Axeni c Cul tures  

-· 

Cl earing I No . o f  day s for 

Spec i es 
Reac ti on dev e l opmen t of CPE 

i n  EY I 
( S t r ai n ) 

a g a r  
( cm )  

1 2 3 4 5 6 7 

N .  fowleri 0 . 72 
( M s T )  I l l  I V  

N .  fow1 e r i 0 . 68 
( NHI ) I l l  IV 

N .  fow l e
_
r i 0 . 2 1  I I I  I V  

( Ts - 1 )  

�jadin i 0 . 3  I I I I  I V  
( 0400 ) 

N . q r ub�ri 0 . 60 
( [=> J.200f ) I l l  I V 

A .  c u l b c r t so n i  0 . 90 I V  
( A- 1 )  

-

A .  c as t e l l anii 0 . 70 IV 
( 15 0 1 ) 

i 

A .  r h�s odcs 0 . 7 2 I V 
( 1 5 3 7 ) 

A .  :po l�ph as;1a 0 . 75 
( P2 3 ) IV 

Con t ro l  CYM - I I I  IV 

Con t r o l  Neff - I I I  IV  

I = b e g i nn i ng o f  CPE 

I I  = p r onounc ed CPE 

I l l  = very pronounced CPE 

IV = comp l e t e  b r eakdown of mono l a y e r  

Fu r th e rmo r e , Tab l e  XXIX demon s t r a tes t h a t  non ­

cy t oxi c amounts o f  crude pho spho lipase 2 f r om 

c e l l - f r e e  fi l t r a t e s  of axen i c a l ly g r own s tr a i n  

MsT , added to Vero c e l l  c u l t u r e i noc ul a ted wi th 

1 1 2 

I 
I 
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s t r ai n  T s - 1 , r e s u l t ed in t h e  fo rm a t i o n  of CPE i n  

a p e r i od o f  t ime equa l t o  t h a t o f  pa t h o g e n i c  

Naeg le r i a  s t r a i n s . 

T ab l e XX I X . Addi ti o n  o f  Ce l l - :f r e e  Fi l t r a t e  from the Axen i c  

C u l t ur e  o f  N . f o w l e r i  {M s T) t o  Ve ra C e l l  Cu l t ur e s  

I no c u l a t ed wi th N .  fowl e ri ( Ts - 1 )  

-· 

s i z e  o f  
% N o . of day s fo r 

Speci es i no c u l a  
add i t i on deve lopm e n t o f  CPE 

o f  
( S ·L rai n )  c e l l s  

c e l l - f r e e  . cm - 3 
f i l t r a t e  

1 2 3 4 5 6 

1 0
5 

N .  5 X 0 I V  
fo wl e r i  5 X 1 0

4 
0 - - l I I I  I I I 

( T s - 1 )  5 X 1 0 3 
0 - - - - - -

N .  5 X 1 05 
2 5% I V  

:f o wl e r i  5 X 104 2 5% I l i i  I V  
( T s - 1 )  5 X 10

3 
25% - - I I I  I I I  I V  

M s T  c el l - f r ee 
fi l t r a t e  a n d  25% - - - ·- - -
m a i n t e nan c e  medi a 

2 5% Ts - 1  c e l l - f r ee 
fi l t r at e  and 2 5% - - - - - -
m a i n t enan c e  medi a 

2 5% CYM and 0 
m a i n t en a n c e  r.1edi a 

- - - - - -

I = b e g i nn i ng of CPE 

I I  = p r o no un c ed CPE 

I I I  = v e r y  p ro n o u n c e d  CPE 

I V  = c omp l e t e  b r e akdo wn of mo no layer 

= no CPE 

C y t o chemi c a l  s tai nin g  w i t h  Sudan b l ack of s t r a i n s  

M sT o r  A - 1 i n f ec t ed V e r a  mono l aye r s  a ls o  r e v e a l ed 

e x t en s i v e  l i po g en es i s  ( P la t es 4 1 , 42 & 43 )  c o n ­

s i s t en t  wi t h  mono laye r deg r ada t i o n  by l i p o l y ti c 

en zym e s . F i na l l y Tab l e  XXX s ho ws t h e  i n h i bi t i o n  

and d e l ay l n  t he fo rma t i o n  o f  CPE by N .  fowl e r i  

s t r a i n s  M sT , NHI an d T s - 1 b y  di f f er e n t  concen t r a ­

t i ons o £  t h e  spe c i f i c  an t i - p ho spho l i p a s e  2 

7 

I V  -

-

-

-



P l a t e  41 . P ho t omi c r o g r ap h  of c o n t r o l  V e r o c e l l  c u l t u r e  

s t ai n e d  w i t h  Sudan b l ack f o r  l i p i d  de t e c t i o n . 

N o c e  r e l a t i ve l ack o f  l i p o ge n i c  s t a i n i ng . 

M a g . e a  x 500 . 

P l a t e  42 . P h o t o mi c r o g r aph o f  V e r o  c e l l  c u l t u r e  

i nf ec t e d  wi t h  A.  c u lber t s o ni s t a i n e d  wi th 

Sudan b l a ck . N o t e  wi de s p r e ad l i po g eni c 

s tai n i n g . M ag . � x 500 . 

P l a t e 43 . P h o t omi c r o g r aph o f  Ve ro c e l l  c u l t u re 

i nf e c t ed wi t h  N .  f o w l e r i  s tai n e d  wi t h  Sudan 

b l ack . No t e  l o c a l i z ed l ip o g e n i c s t a i n i n g  

a n d  t r op h o z o i t e s  s u r ro unded b y  c l e a r  h a l o s  

M a g . � X 500 . 
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and l y sophospho l i pa s e  serum . This was achieved 

b y  repl acing t h e  2% ( V/V ) s e r um requi r emen t of 

t he mai n t enance medi um , wi th ei ther  4% ( V/V ) o r  

10% ( V /V )  o f  s te r i le r abbi t - ant i -pho spho lipas e ­

s e r um .  Thi s an ti - s e r um wa s spec i f i c  for 

N .  fow l e r i  s t rai n s  !\1 s T , l\TH I and Ts - 1 ,  wi t h  a n  

I FAB ti t r e  of 1 / 1 000 , a s  oppo s e d  t o  t h e  1 / 1 0  

I FAB t i t r e  for N .  gruberi ( P l 200f ) . 



Tab le XXX . I nhibi ti on of  t he Forma ti o n  of  CPE i n  N . fowl e ri ino c u l a t ed V e ro Ce l l  

Cul ture by anti -Ph ospholipas e  2 and Lysopho spho lipas e se rL® 

' % addl t lon ' 

I 

I 
I 

S i ze of Speci es 
( S t rai n )  i nocula _ 3 c e l l s . cm 

5 X 10
5 

N .  fowle r i  I 5 X 10
4 

(MsT ) 5 X 10
3 

5 X 10
2 

5 X 10
5 

N .  fowle r i  5 X 10
4 

( M sT ) 5 X 103 

5 X 102 

5 X 105 

N .  fowl e r i  5 X 10
4 

( NHI ) 
5 X 103 

5 X 10
2 

N .  fowleri  5 X 10
� 

( Ts - 1 )  5 X 10
4 

-------·--- - --- --

of an ti -
pho spho lipase 

serL® 

10% 

4% 

4% 

4% 
I ; 

N o . of day s fo r deve lopment  of CPE 1: 
li 

1 I ; ! I 
" 

2 I 3 4 . 5 6 7 I! 
I I � 

IV ! i I i I i ! 
i � i 

I I l l j IV I I - I I • ! i - - I - l - i - I -

I 

-
! ! - - i - i - I - l - -

I 
• I I I V · j 
1 . 

I I I I I  

' ; I I I I V  ; I ' I ! ! • - I t I 1 I I I  I V  - f j I I 

i I I . - j - - I - - - -
I ' 
I I l 

I V  l ! i I i ' 

� I  

I I . 
i - ' I I I i I I  I I I  I I I  I 1 

! \ i I 
- ! - - ' - I - ' - -' I 

I V · ' ' : 
I I i : 

- - - ' - I I I I I 

. . .  con t ' d , 

� � 
(J\ 



5 X 1 0
4 I I I I  I V  I N . fowl eri 5 X 1 0
3 

0% I -

(Ms T )  
5 X 1 0

2 
- -

4 
5 X 1 0 - I I l l  

N .  fowleri 
5 X 1 0

3 
0% I ( NHI ) 

-

5 X 1 0
2 

- -

N .  fowleri  5 X 1 0
5 

I V  

5 X 1 0
4 0% 

( Ts - 1 )  - -

0% - -

I = beginning o£ CPE 

I I  = p ronounced CPE 

I I I  = very pronounced CPE 

I V  = comp l e t e  b r e��down o f  mo no l ay e r  

I I I I  I V  I I I I  I I I I  

I V  

I I  I l l I V  

I I I I  

I I I I  

- - -

I I 

I I 
I 

I V  I 

I 
I 

I 
I I l l  
I I 

I l l  

- I 

I V  

I I I  

-

• 

[ 
' 

� 

f-' 
f­
� 



CHAPTER 6 :  DI SCUSSION 

6 . 1  S u r vey of New Ze al and Thermal  Poo ls 

6 . 1 . 1  The Di s t ribut ion of PFLA in New Zealand The rmal 

Poo ls  during the 1976  S u r vey 

The resu l t s  presented i n  Tab le VI s how the 

geographical di s tribution of PFLA iso l ations 

from t he three He alth  Dis t r icts  s amp led .  Whe r e as 

no or  ve ry few PFLA we r e  r ecorded from the 

Gisborne -Roto r ua are as , the Matamata- Taupo r e gion 

had a r e l ative l y  high incidence o£ iso lat ion . 

I t  i s  a l so int e r e s ting to note th at a l l  r ecorded 

f at a l  cases of PAM have occur red in this  r e g io n . 
Fur the rmore , the findings of a higher inc idence 

of N .  fowleri than pathogenic  Acan thamoeb a  spp . 

is  also in  accordance wi th the repo rted c ases  o£ 
disease caused by PFLA in NE:>w Zeal and . No 

r ep o r t s  of c l i nical i nfe c t i on due to Ac an t h amo eb� 
spp . h ave been reco rded i n  New Ze a l and , though 

thi s i s  pos sib ly a ref l e c t i o n  of the ph ys ici an 

not cons idering them as potential pa thogens 

during d i agno s i s  mor e  th an thei r not hav ing 

occur r ed . The aforemen tioned seven case s of PAJ\1 

have a l l  been due to N .  fowleri ( Nico l l , 19 73 ; 
Cur sons e t  al . ,  1 9 7 6 a , 1976b ) 

6 . 1 . 2  The Effe c t  of Chemi c a l , P hys i c a l  and Biologi c a l  

P ar ame te r s  o n  the Di s tr ibution o f  PFLA in  New 

Zealand The rmal Pools  

The dis t ribut ion of PFLA in wate r s  wi l l  be 

affe c ted by bo th the chemic al and physic a l , as 

we l l  as the bio logical ch a r ac te ri s tics , of the 

wate r . Fo r examp le , many au thors  ( Car ter , 1970 ; 

Culber tson , 1 9 7 1 ; Chang , 1 974a ; Cursons & 

B rown , 1 976 , Cer v a ,  1 9 7 8 ) have repo r t ed th at 

N .  fowl e ri is  ext r eme l y  sensi tive to 0 . 5  - 1 . 0% 

N aC l . Besides the c hemi c a l  compos i tion o f  t he 

wate r s , bo th temp e r a t u r e  and pH wi l l  a l s o  affect 

the dis t ribution of these amebae . Stevens et al . 
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( 1977  ) d d t t Of 35 - 38oc a recor e a empe r a  ure  rang e 

for the i s o l a tion o f  N .  fow leri  from therma l l y  

po l lu ted l akes , whi l s t  We l l ings e t  a l . ( 1 9 7 7 ) 
0 

rec or ded a range of  1 6  - 34 . 5  C .  In the l a t t e r  

repor t ,  n o  N .  fowl e r i  i s ola tes were  ob ta ined from 

l ill<e wa t e r s  below 2 6 . 5
°

C b u t  wer e  obtai ned f rom 

t he bo t tom mud a t  1 6
°

C .  Simi larly  De Jonckheere 

a n d  Van De  Voo rde ( 1 977a ) s ucceeded i n  i s ol a t i n0 

N .  fowleri  from wa t e rs be tween 1 0  - 32
°

C and 

Br own and Cursons ( 1 9 77 )  i so la t ed pat h og enic A .  
cas t e l l ani i from f r o z en lill< es a t  2°

C .  G ri ffin 

( 1 972 ) es t ab l i s hed t hat  N .  fowleri could t o le r a t e  

45°C and A .  c ulbe r t soni 42°C , whi l s t  Chang ( 1 9 7 8 ) 

obs erved that  5 1
°

C was l e th a l  fo r bo t h  cys t s  and 

trophozoi tes of N .  fowleri . 

A tempera t ur e  o f  i s olat i on above 42
°

C has 

pr eviou s l y  been though t impor tant as a s e l ec ti ve 

temper at ur e fo r P F LA . G r iffi n ( 1 9 7 2 ) i n  a 

s tudy o£ 1 2  vi ru len t and 1 0  non - vi ru l en t s trains 

of free - living amebae demons t r a ted th a t  the 

abi li ty of s tr ai ns to  g row at  h igh temper a tures  

( /  42
°

C )  was apparen t ly r e l ated to virulence . 

Unpubli shed observa tions have s hown t hi s  to be 

an oversimplificati on wi th some free - li vi nQ 

species , p ar ticu l a r ly Vahlkampfia us t i an a  ( s ee 

Me t hod 4 . 2 . 1 ) be ing ab le to t o l e rate 45°C . S ub ­

s equen t ly De  Jonckhee r e  e t  a l . ( 1 9 75 ) , and Singh 

and Hanumai ah ( 1 9 7 7 )  have a l s o  es tab li shed t ha t  

many non -pathogeni c species of free - l i ving amebae 

a r e  able  t o  to l e r a t e  a t  leas t 42
°

C .  

The pH rang e  to l e r a ted by PFLA i s  equa l l y  

impressive . Car t e r  { 1970 ) demons t ra ted tha t 

N .  fowl e ri cou l d  survi ve a pH range of be tween 

4 . 6  - 9 . 5  whi l s t Kadlec ( 1 975 ) showed tha t  free­

l i ving amebae wer e  ab l e  to  g row in  vi t ro b e t ween 

a pH of 5 . 6  - 8 . 4 . 
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Howeve r ,  phy s ic a l  par ame t e r s  s uch as pH and 
t emperature are no t the on l y  £ac tors i nf luenc ing 

g r owth in thermal waters . The fi nding that 

N .  £owle r i  u t i liz es s ubs tant i a l l y  l e s s  oxygen 

th an N .  gr uber i  and A .  cas t e l l anii ( B uye r s  

e t  al . ,  1 9 6 9 ; Wei k  & John , 1 9 77 a & b )  i s  

ecologi cal ly impo r t ant  par t ic u l ar ly i n  the1:ma l  

poo l s  s ince oxygen c oncen t r ation decre ases  wi t h  

an increase i n  t empe r ature . Fur the rmo r e  Ce rva 

( 1 977 ) es t ab li s hed in vi t r o  that t he op timal 

temperature for g rowth of N .  fowle r i  was depen­

den t n o t  o n ly o n  the age and s i ze o£ i noc u l um 

but also o n  the composi tion and concen tr ation 

of the c u l tur e  medium . He es t ab l i s hed that i f  
the  conc entration  of  so l ub l e  o r ganic  s ubs tances 

in  the medi a was low , then a lower tempe r a ture 

was mo re s a t i s f ac to r y  fo r the deve lopmen t  o£ 
pathogeni c s t r ains whi ls t the r eve rse , that is  a 

h i gh concent r ation of o r ganic s ubs tances , 

resul ted i n  a h i g he r  temper ature fo r sati sfac ­

t o r y  g rowth and deve lopment . No s uch r e l ation ­

ship cou ld be confirmed for N . gr ube r i . Thi s may 

be a r e f lec ti o n  on t he di fferent  n ut r i t i onal 

requi rement s  r epor t ed be tween N .  fow le r i  and 

N .  grub e r i  ( Ce rv a , 1 9 69 , 1977 , 1 9 78 ) . 

The presence of a s ui t ab l e  food s o ur ce 

wi l l  also affect the dis tr ibut i on o£ PFLA i n  

the rmal poo ls . Besides  o rgan i c  debr i s , PFLA 

have also been s hown to inges t bo th yeas t and 

bac t e r i a .  P r e liminar y i n  v i t r o  s t udies using 

Enterob ac te r  c l o ac ae as the bac te r i a l  food 

source h ave e s tab lished an inver s e  c o r r e l a t i on 

be tween ac t ive amebae and number s  ( Fi gs . 20 & 21) . 

Danso and Al exander { 1 975 ) and D anso e t  al . 

( 1975 ) also r epor ted a simi l ar obs er vation . 

Using Rhi zobium meli loti  as the fo od source 

they also demons t r ated the i n ab il i ty of both  



F i gu re 20 . G r aph of p r e da t i on by pa thog enic and non ­

patho geni c Naegleria spp . on the bacterium 

Enterob a c t e r  c loacae . ( From Brown et al . ,  

per s . c omm . ) .  

£ =  N .  gruberi ( P 1200 £ )  

t::.. = N .  fowleri (MsT ) 

0 =  En te robac ter c loacae 
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Figure  2 1 . G r ap h  o £  preda t i on by pathogenic and non­

pa thogeni c Acan thamoeba spp . on the  bac ­

terium Enterobac ter cloacae . 

{ F rom Brown e t  a l . ,  pers . comm . ) .  

• = A .  cas t e l lanii { 150 1 ) 

D = A .  culber t soni { A- 1 ) 

� = En terobac t er c loacae 
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N aegl e r i a  and Ac anthamoeba spp . t o  to tal l y  

e limi nate t he i r  p r ey . The y  s ug ges ted t h a t  the 

s i ze of the prey popul at i on dimini s hed un ti l a 

dens i ty was obtained a t  which the energy used 

by t he amebae be tween cont acts wi t h  surv i vi n g  

food b ac ter i a  equalled th a t  der ived from feed­

ing . Fur ther , us ing Te trami tus r o s t r atus , 

Hartmane lla  sp . ,  Naegle r i a  sp . and Vah lkampfi a  

sp . wi th R .  me li loti ag ai n as the food so ur ce , 

they demons t r ated that amebic mul tip l i c ation 

and b ac terial  dec l ine s topped when t h e  bac t e r i a  
6 7 

- 3 fe l l  t o  approxima te l y  1 0  - 10 c e l ls . cm . 

A t  higher bac t e r i a l  dens i ties , the maximum 

numbe r s  of Har tmanne l la sp . and Na£gler i a  sp . 

we re  propor tional to t h e  ini tial  concen t r ation 

of R .  :ne l i lo t i  provided . Thus it appear s that 

a c r i ti cal dens i ty of bacteria is  neces s ar y  for 

am£ b ae to ini t i a te or to maintain feeding . 

Napo li t ano et  al . ( 1 9 77 )  us ing alcohol -ki lled 

bac t e r i a  in monoxenic c u l ture as the fo od so u r c e  

fo r N . gruberi reaffi rmed the finding . They 

found th a t  when the  i ni t i a l  concentrati on of  

b 
. 

d o
9 - 3  1 . 

ac ter 1 a  use was 1 • cm , t 1e me an gener at1on 

time ( MGT ) was 2 . 5 h r  as opposed to 1 9 . 1  h r  when 

1 0
7 

bac t e r i a .  cm
- 3  

was added . However i n  nature , 

ther e i s  probably no s imple preda tor-prey r e l a ­

tions hip be tween bac ter i a  and t h e  amebae a lone , 

due to compe ti tion fo r b ac te r i a  b y  o ther pro t o ­

zoa , and the f ac t  that ameb ae are no t nouri s hed 

indi s c r iminate ly by a l l  species of bac teria 

( Si ngh , 1 9 75 ) . Singh ( 1 9 4 1 , 1945 ) es tab li shed 

that b ac teria diffe r i n  the i r  edibi li ty by 

ameb ae becaus e of thei r pro duc tion of exo toxins , 

pigmen t s  and extrace l l u l ar s l ime ,  e tc . , a 

conc lus ion als o  arrived at  by Chang ( 1 97 1 ) ,  

Ande r so n  and Jamieson ( 1 9 74 ) and Menapace e t  al . 

( 19 75 ) . Thus , the low incidence of PFLA i n  the 

Wai gnar o ,  Te Pui a ,  Morer e ,  Butchers and Sod a  
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t he rmal po o ls c ould be due to any o n e , o r  a 

c ombinati on of t h e  above charac te r i s t i c s  of t he 

par t i cu l ar poo l .  I t  i s  t ho ug h t  t hat t he lack of 

i s o l ation of PFLA from the Wai gnaro poo l s  i s  

due t o  the ext reme ly a l k a l i n e  pH o f  9 . 6  caused 

by the poo l  co
3

- Hco
3 

buffe r  sys tem . I t  i s  no t 

known wh e ther the comp ar a ti vel y hi gh f l uor ide 

content also has any de t riment a l eff e c t  o n  the 

amebae . Becaus e of the hi gh alkaline pH in th i s  

poo l , and i t s  de t rimen t al effe c t  o n  c h l o � i n a t i o n  

i t  i s  do ub t ful whe ther chlorination could be 

effec tive in con t r o l l ing th e amebae . I t  s hould 

be emphasi zed t h at , the o n l y  to tal co liform and 

total  bac terial  counts recorded by the Depar tmen t  

of He a l t h  t o  es t ab l i s h  the bac te r i al qual i t i es 

o£ the Hami l ton pools  being s urveyed , was unfo r ­

tunate ly t aken whe n  the Wai gnaro Poo l was 

f looded , and thus m ay no t represent t he t r ue 

bac te riological qual i t y  of the  wate r ( T ab le 
VI I I ) .  The lack of i s o l a t i o n  of N .  fowle r i  i n  
the  Gi sborne poo l s  i s  p o s s i b l y  a cons equence 

of the i r  very high halide ion con ten t ( T able IV ) 

whi c h  has been s h own to be inhibi t o r y  to  

N .  fowleri  ( Culbe r ts on ,  1 9 7 1 ; C u r s ons & B rown , 

1 9 7 6 ; Cerva , 1 9 78 ) . On the con t r ar y ,  the i so ­

latio n  of a p athogenic Acan t hamoeba sp . i s  

exp l ained by the i r  greater tol e r ance t o  NaC l  

( Cu lber tson , 1 9 7 1 ) . The s e  wa ters also have a 

c ompar ative ly lower co l i form and total  b ac ter i a  

incidence , and t hus t he bac terio logical  quali ty 

of  the water  may h av e  an i ndi r ec t  effec t on the 

presence or absence of these amebae . Simi lar l y  

t h e  absence o f  PFLA 1.n t he Bu tche r s  Poo l may be 

due to the high conce n t r ation of i ron ( T ab le I l l )  

1. n  the the rmal water . Such hi gh concen t r at ions 

of i ron have been s hown to have a l e t hal e ffec t on 

many mi cro -organi sms ( Av akyan , 1 9 74 ; Cai rns e t  al . ,  

1 974 ; Weinber g , 1 978 ) . However t he low 
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incidence o£ PFLA in th e Soda Spr ings doe s not  

corre late with any o£ the phys ical par ame te r s  

such as pH and tempe r ature , no r the c hemical 

composi ti on o£ the water . I t  is  pos s ib le th a t  

bio logi c a l  par ame te r s  such a s  predat ion by 

c arnivo rous Protozoa and Me tazoa , the pres ence  

o£ t oxic bac ter i a  o r  a high  bi ochemi c a l  oxygen 

demand of the water , is respons ible for the low 

leve l s  of PFLA recorded i n  thi s pool . 

6 . 1 . 3 The Incidence of PFLA 1n New Zealand The rmal 

Poo l s  

The results  o £  both the  1 9 7 6  and 1 9 7 7  s u r ­

veys demons trate a h i g her i ncidence of  N .  fowle r i  

th an pathogenic Ac an thamoe ba spp .  i n  bo t h  thermal 

poo ls  and s ur r ounding soi ls .  A l t hough 

Acanthar.10eba spp . ar e gene r a l ly c ons idered to be 

t l1e r.1os t prevalen t small free - living amebae i n  

t he envi ronment ( Singh , 1 0 5 2 ; Page , 1 0 67 ; 

Menapace e t  al . ,  1 97 5 ; Visve s vara & Balar.lU t h , 1 9 7 5 ) 
� t  i s  th oug h t  that t he rever s al of this  trend , 

p ar ticular l y  in the rmal poo ls , can be a t t ributed 

to  the unus ual nature of th is envi ronme n t .  I t  

has been sh own that N .  fowl eri posses ses a 

hi gher  temper atur e - to le r anc e r ange than mo s t  o ther 

free- livi ng ar.1ebae ( Griffin , 1 972 ) and that  i t s 

oxygen requi remen ts are subs tan ti a l ly less  than 

the non -pathogen i c  N .  gr uberi or A .  c as t e l l ani i 

( Buyers  e t  al . ,  1 9 69 ; Weik & John , 1 9 77a & 

b ) . Thus these two environmen tal fac to r s  may 

exe r t  a pos i tive s e l e c tion pre s sure fo r N .  fowleri 

over N .  grube ri o r  Ac an t hamoeba spp . in t herr.1al 

wate r s , as has been s ugges ted by De Jonckheere 

et  a l . ( 1 9 7 5 ) and Stevens e t  al . ( 1977 a ) . Fur -
o ther , Ce rva ( 1 977 ) demons t r a ted that 2 0  C was 

inhi bi tory to the in v i tro mul t ip l i c a t i on of 

N .  fowle r i  and Chang ( 19 78 ) showed th a t  the t r o ­

phozo i te s  o f  N .  fowl e r i  degener ate at temper a -



tures be low 10°C .  Thu s the det rimen t a l  effec t 

of tempe r atures be low 20
°

C on N .  fowl eri t ro -

pho z .oi tes i s  probab l y  re spons ible fo r t he 

c lo s e  association of s wimmi ng - associ a t ed P�� 

infec t i ons wi t h  wa t e r s  above ambient tempe ra ­

ture i . e .  above 30°C .  
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Howeve r ,  the r e l a ti vely low incidence of  

Acan thamoeba f rom the  soi l i s  confusi ng . Thi s 

may be a reflection on the soi l bi oma ss o r  even 

compe ti tion be tween the two gener a .  Sandon ( 1 9 27 )  

obs er ved that Naegleri a and Acan thamo eba spp . s e l ­

dom occurred toge ther i n  the same so i 1 p lo t ,  an 

observation suppo r t ed by fl1enapace et al . ( 1 9 75 ) . 

Al tho ugh t he 1 9 77 s u rvey reaffi rmed the wi de 

adap t abi l i ty of these amebae t o  bo th pH and t empe r a ­

tur e , marked di ffer ences  i n  t h e  i so la t ion r a t e  of 

PFLA f r om thermal wa te r s , as compar ed t o  t he 1976  

survey , wer e recorded . I n  1 9 77 the Moana - i t i  poo l  

was the only poo l which y i e lded n o  PFLA wh ereas in 

1 976 3 i s o lations of N .  fow l e r i  wer e  recorded f rom 

i t  ( Tab l e s  VI & I X ) . Thi s  could be a ref l ec ti o n  of 

t he change of the samp le si tes ( s ee Scm p l i ng Si tes  

2 . 2 . 2 )  making di rect  c omp ar i s ons inva l i d .  

Bec ause of the r e l a t i ve ly cons tant t empe r a tu r e  

of thermal  poo l wa ter s ,  t h e  effec t o f  season a l  

change o n  these poo l s  i s  v e r y  much dimi ni shed 

compared to the effec t on  n o n - thermal wate r s , the 

temperature of which is di rec t ly influenced by 

c limat i c  change . The abi l i ty to fo rm resi s t an t  

cys ts t o  wi ths t and adver s e  c ondi tions wi l l  a l s o  

i nf luence s easonal di s tribution . So ils co ntain ing 

cys t s  wi l l  yie l d  pos i t i v e  i s ola tions on i ncuba t ion 

and provi de a po si t i ve i noculation to thermal 

poo l s  via  runoff s . 
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Thi s  r e l ative l ack o £  seasonali ty i n  the 

i ncidence o£ PFLA i s  ref lec ted in the di s t r i b u ­

tion o £  cases o £  PAl'vi due t o  N . £owleri in  N ew 

Ze a l and . Mos t c ases o£ PAM ln o t he r  coun t r i e s  

have occur red during the warm S lliw.ler mon t hs , a 

finding also r ef lec ted i n  t he incidence of iso ­

l at ion o £  N . £owle r i  ( De J onckhee re e t  al . ,  

1 9 75 ; We l lings e t  al . ,  1 9 7 7 ) . Howeve r  in New 

Ze al and , the seven r epo r ted cases o£ PAI\1 occur red 

randoml y  in t he months o£ Apri l ,  May , June , 

Sep tembe r  and December  ( M andal e t  al . ,  1 9 70 ; 

Nic o l l ,  1 973 ; Cursons e t  a l . ,  1 978b ) a ref l e c ­

tion o f  the year round use of the rmal poo l s  in 

con t r as t  to the p r imari l y  s umme r use of non ­

the rma l recreat i onal wat e r s . Never the les s i t  is 

pos s ib l e  that r ai nfal l and temper atur e  cou ld 

a££ec t the incidence o£ PFLA i n  the env i ronmen t  

fo r th e fo l lowing reasons : 

i )  c o ld winter  tempe r a tur e s  s timulate encys t ­

men t  o£ the ameb ae in th e soi l .  Bec au se o£ 
the r esul t ing r educed divi sion r ate , the 

popul ation o£ amebae wi l l  be lm.ve r than 

t h a t  o£ the s umme r  mon th s , and 

ii ) b e c ause o£ t h i s  i nhi b i t i ng e ffec t of co ld 

tempe r atures on amebic growth , heavy r ai n  

at low temper atures wi l l  have a di l u ting 

effect on the amebi c populat ion in t he s o i l  

and i n  runo££ water . I t  is acknowledged 

that bio logi cal s ur veys  which have samp ling 

t ime intervals  consi de r ab ly l onger than the 

ce l l  cyc le t ime o£  t he organi sms invo l ved , 

canno t fol low c lose l y  respons e s o£ the 

o r g anisms to environmental  changes whi c h  

occur a t  t imes o ther than tha t  j us t  p r i o r  

to the samp l ing . Thi s  could be , i n  p ar t ,  

r e s ponsib le £o r t he r eco rded differenc e s  



1 2 8  

be tween the 1 9 7 6  - 1977 s u rveys . 

That soil can ac t as  a reservoi r £o r PFLA 

is  not s urprising in view that  soi l i s  t he 

prefe r r ed h abi tat o £  smal l  free- living amebae 

providing food , oxygen , wat e r  and a s ui t able 

tempe r ature ( Si ngh , 1 9 75 ) . Fur ther the PFLA 

are adap ted to s urvi val i n  thi s envi ronment by  

the  possess ion of  res i s t an t  c ys ts ,  wh ich com ­

bined wi th the abi l i ty t o  encys t r apidly , 

enab l e s  them to exp l o i t  a l te rnating adverse and 

favo u r able condi tions s uc h  as des icca tion and 

moi s tu r e . Altho ugh li t t le has been done on t he 

comp ar a t i ve phys i o logy of non -pathogenic and 

pathogenic free - living amebic cys ts , i t  i s  
gene r al l y  ag reed that  the cys t s  of  N .  £�l e r i  

are l e s s  r e s i s tan t  t o  envi ronment a l  ext r emes 

wi t h  the exception o£ he a t , th an N .  grube ri 

( C ar t e r , 1 9 70 ;  Ch ang , 1 9 78 ) . '.;.''!i_ s I: : <ty '.Jc d ue t o  t i 1 e  
lat t e r  poss essing bo th a n  outer thin and inne r thi ck 

cyst  wal l whereas the fo rme r possesses only t h e  

inner thi ck cys t wal l ( Schus t e r , 1 9 75 ) . Thi s 

as soci a ti on of so i l  wi t h  PFLA i s  fur the r emp h a ­

siz e d  b y  th e fac t t h a t  many i so l ations o f  PFLA 

were r e co rded from s o i l - contaminated poo ls 

( i . e .  those with s o i l  enc lo s ur e s ) as c ompar ed 

to comme r c i ally deve loped poo ls ( Tab le I X ) . 

The presence o£ soi l e i t h e r  f r om runoff o r  v i a  

b ather s '  fee t , i s  probab l y  the main so u_cce o f  

bac te r i al and amebic cont amination o£ comme r -

ci al l y  deve loped poo l s . D i rec t samp ling from 

the bore or inlet  o£ bo t h  the M oana-i ti  and 

Opa l  poo ls h as demons tr ated the c ompar a t i ve 

s ter i li t y  o£ the water wi t h  no amebae and few 

b ac te r i a  being i s o l ated . 

The  effec t o f  the b ac te r i al concentrat ion 

in t he water  has been s hown by Brown , Ke ys and 
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Cur s ons , ( pers . comr.1 . , 1 9 7 8 ) ( Figs . 20 & 2 1 ) .  

Further Singh ( 1941 , 1945 ) , Ch ang ( 1 9 7 1 ) ,  An ­

der son and. Jamieson ( 1 9 74 ) , D anso and Alexander 

( 1 9 75 ) , D ans o et  al . ( 1 9 75 ) , Menapace e t  a l . 

( 1 975 ) and Napo li t ano e t  a l . ( 1 977 ) have 

repo r t ed ei ther , di s cr im i n ati on by the amebae as 

regards edibi l i t y  o r  toxi c i ty of bac te r i a  as a 

food s o u r ce , or , a dependence of  the amebic 

growth r ate on the r atio o f  b ac teria : amebae . 

T h u s  i n  the New Zea l and Heal th Di s t ri c t s  s am ­
p l ed , ther e appears t o  be a loc alised geogr a ­

phi c a l  di s tribution o f  PFLA contami na ted poo ls 

ln the  M a t arnata-Taupo r e gi on , and thi s appear s 

to be i n f luenced , i n  par t , by t he par t i c u lar 

phys ical  and chemic a l  p rope r t ies  of t h e  poo l .  
N .  fow l e r i  i s  the predomi n ant p athogeni c spec ies 

and i ts geo g r aphi c a l  di s tr ibu ti on is also in 

accord wi t h  the local i t y  of all re co rded c as e s  

o f  PAM in New Zealand . Fur t he rmore , thos e  poo ls 

char ac t e r iz ed as being ' natural ' poo l s  h avi ng 

soi l enclosures have been shown to  be the ' hi g h ­

r i sk poo ls ' ,  the soi l p r oviding a res ervo i r  of 

PFLA . Becaus e of t he r e l ative ly cons t an t  tem­

per ature of  t hermal po o ls and the abi l i t y  o£ 

PFLA to ove rwinter a s . r e s i s t an t  cys ts , th ere  i s  

no obvious s e asonal di s t r ibution o f  PFLA i n  

the rmal pools , though p r e l imin ary evidence doe s  

s ugge s t  that r ainfa l l  co u ld i n  p ar t  inf l uence 

this by contaminating poo l s  via runoff from 

amebi c-containing s oi ls . Final ly ,  the bac te r i o ­

logical  qual i t y  of t he wate r appears a l s o  to 

affec t t he incidence of i s o l ation of PFLA , in 

that  those pools f r equent ly con t aminated wi th 

co li fo rms h ad a highe r r ate o£ iso lation . 

Thus this  s urvey h as b r ough t to l i gh t  a 

number  o f  env i ronment al £ ac to r s  which cons ti tute  



the basis o f  an experimen t a l  p rogram being 

ini tiated at  Mas s ey Uni ve r s i t y  and whi ch i s  

designed t o  el uci da te  the effec t o f  t h e s e  

fac to rs on t he di s t r ibution of PFLA . 
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6 . 2  The Compar ati ve Use o£ D i s i nfec t an t s  again s t  

Free - l iving Amebae 

1 3 1  

Di s i nfec tion can b e  defined as ' the ki l l i ng of 

the larger  po r tion ( bu t  no t neces s ar i ly al l )  of t he 

harmful and o b j ec tionab le mic r o - o r g anisms i n , o r  on , 

a medium by means of ch emi c als , heat or u l t r aviolet  

l i gh t  e tc . ' ( Wang & Pee r y , 1 9 75 ) . Thu s i t  is  no t to  

be  confus ed wi t h  s teri l i z ation . 

The results  demo n s t rate  t h a t  al l four dis i nfec ­

t an t s  examined ( i . e .  c h lo r in e , chl o rine di oxide , 

deciquam 222 and ozone ) pos ses s amebicidal p r ope r t ies 

and wou ld be s ui tab le £o r the di s i nfec tion o £  waters 

con t amina ted with PFLA . However t he ul timate choice 

of a p ar ticular disinfe c t an t  wi l l  remain c l o s e l y  tied 

to the chemical  and phys ical char ac te ris tics o f  the 

wate r to be tes ted and t he par ticu l ar prope r t ie s  of 

the d i s i nfec tan t  ( T able  XXXI ) . Whatever  di s i nfec t an t  

i s  c ho s en , i t  i s  gene r a l l y  accepted that the re lative 

effici ency of any disinfec t an t  wi l l  be a func tion of 

i t s  r a t e  of diffusion t h r ou gh the ce l l  perme abi li ty  

bar ri e r . Aft e r  pene tr ation of th i s  bar r ier , i t  i s  

be l i eved t hat t he disinfec t an t  des troys e i t he r  s ome 

i n te gr a l  s truc tural component , o r  a t t acks the c e l l ' s  

me t ab o l i c  machine ry . Because of the  absence o£ a ce l l  

wal l , i t  i s  believed t h a t  the ini t i a l  si te o£ ac tion 

wi l l  be the p l asma memb r anes o£ the amebae fo l lowed 

by s ubsequent interrup t io n  o£ me t abolism . 

6 . 2 . 1  The Use o£ Chlor ine as a Disinfec t ant agains t 

F r e e - living Amebae 

Since the i n t roduc tion o£ chlor ine into 

water treatmen t n e ar ly 80  ye ars ago , it  h as be ­

come almos t t he o n l y  met hod used for ac tive dis ­

infec tion o£ po t ab le wate r supplies ( Wh i te ,  1972 ) .  

Thi s predomin an t  pos i t ion has been gai ned 

because o£ : 
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Table XXXI .  Compari s on of the P r ope r t i e s of  Ch lo ri ne , C h l " r i ne di o xi d e , Ozone and D eciguam 222 

Ch lor ine Quar t ernar y  
D i s i nfec t an t  Ch lorine Ozone AI!lP.lo n i um  

d i o xi de Compound P r oper ty 
Cl2 Cl02 0

3 rJ_'\C 
Deci quam 222 

Di sinfec ting 
Good Good � Cl 2 Good � c 12 Very good > Cl 2 effici ency 

Op timum pH 2 - 7 6 . 5 - 8 . 5  + I\TK 6 . 4  - 9 . 6  

tp°C 22 - 2 5°C 30°C 0 - 4°C 20 - 37°C } ca2 + , Mg 2+ - - - + 

r eac tion wi th NH3 + - - -

o rg an i c  N + + + very low 

t • " th} 
amino acids + - + + r eac 1 on Wl 
pro teins + + + + 

toxi ci ty high in 1: e rmedi a te hi gh low 

so lubi li ty @ 20 - 30°C g oo d  very good very low very good 

r eac tion wi th UV + I + - -

s tabili ty low h i <Jh very low high 

r esidual di sinfec t an t  yes i 
i y e s  no ye s 

Cos t low 
I 

h i g h  l ow h igh l 
I 

NK = not known 
� 
w l\) 
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i )  i t s  po tency and r ange o£  effec tivenes s  as a 

germic i de 

i i ) i ts e as e  of app l i c a ti on ,  me asuremen t ,  con ­

tro 1 and economy 

i i i ) i t s  re l a ti ve freedom from toxic or phys i o -

l o gi c a l  effec ts and 

iv ) i t s  re aso nable per sis tence 1n  wate rs . 

When c h lor i ne i s  added to wate r i t  reac ts accor ­

ding to  

Cl  + H2
0 �H+ + C l - + HOC l 

HOCl ( t he ac tive dis infec ting spec ie s of chl or ine ) 

has a dissociat ion cons t ant ( K� } of 2 . 5  x 1 0 - 8  and 

is  t herefo r e  affec ted by the pH of water reac t ing  
-.l. + -

HOC l \; H + OC l  . Fi g .  22 demons trates the di s -

tribut i on o f  HOCl & OC l  as a £unctio n of pH , 

whi l s t  Fig . 2 3  c ompares t he ge rmicidal efficiency 

of ch lo r i n e - c on t aining deri v a tives . 

Becaus e chlor ine reac t s  wi th bo th or ganic 

ni t ro genous and ammoni a ni t r o genous compounds 

forming org anohalides and ch l o r amines r espec ­

tively ( Fi g . 2 4  ) , befo r e  act i ve di sinfec t ion 

of s uch con t aminated water s c an commence , i t  

i s  f i r s t nece s s ar y  t o  s atisfy the chlorine 

demand of t he water , i . e .  the differ ence be ­

tween t he amou n t  of chlor ine added ( TAC ) and t he 

amount that c an be determined analyt i c a l l y  as 

residual chlori ne ( FAC ) . The technique wher eby 

t hi s  ini t i a l  c hlorine demand of the wa ter 

s a t i s fied befo r e  ac t i ve dis infec tion commences 

is c a l led ' br e ak-poin t chlor i n a ti on ' the bre�< ­

poi n t  being ' the poi n t  where t he addi tion o f  any 

mor e ch l o rine s hows up as an equi valent incr ease 

in f ree avai l ab l e  c h lo rine ( FAC ) . Using a batch  

sys t em , where only  a single dos e  of  chlo rine 

is added , T ab le XI I shows t ha t  i ni ti al concen-
-1  t r ations of 0 . 74 ,  0 . 79 ,  1 . 0  and 1 . 25 mg . 1  c 12 

had a s te r i l izing e££ec t on N .  £owleri , 



F i gu re 22 . The di s t r ibu tion of HOCl and OC l as a 

func tion o f  pH . ( Fr om Singley , 1 9 7 1 ) . 
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Fi gure 23 .  Rela tive bac terici dal effi ci ency of  c h lo rine 

c on t ai ning der i va tes . ( From Wh ite , 1972 ) . 

Fi gu r e  24 . The effec t of n i t r ogen compounds on the 

ch lo r i ne demand . ( From Whi t e , 1972 ) . 
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N .  gr uberi ,  A .  c as t e l l anii and A .  culber tsoni 

r espec t ive l y .  I t  is  t hough t that the dif fe ­

r ence i n  s us ceptibi l i t y  t o  chlo rine be tween the 

two gener a  is  more like l y  a consequence o£ the 

d ifference 1n c hemic a l  ( especially  protein 

composi tion o£  the  ce l l  membranes than diffe ­

r ences in me t abo l i sm . Experimen tal l y , b acte r i ­

c idal do s e s  o£ c h l o rine have been s ho\m t o  

inhibit  bo th g l uc ose oxidation b y  bac teria 

( Green & S t ump£ , 1946 ) and s ulphydry l  enzymes 

( Knox et al . ,  1 948 ) . Mo re recent ly , Venkobachar  

e t  a l . ( 1 9 77 )  have demons tr ated that c hlorine 

also dam ages the c e l l  membr ane o£ bac te r i a  

resul ting i n  leakag e  o £  �acrooo l e cul e s  an d the 
c omp le te cess ation o£ oxidative phospho r y l ation . 

Thus i t  is pos sible that chlo rine exe r t s  a 

do uble effec t on amebae des t roying bo th t h e i r  

ce l l  membr ane an d  me t abo l i sm . 

The us e o£ c hlor ine as a disinfec t an t  for 

PFLA was r epo r ted b y  Anderson and Jami e s on ( 1 9 72 ) 

who f ai led to e l iminat e N . £owleri whi ch had 
- 1  

been supe r c hl o rinated wi th 1 0 . 0 mg . l  o £  chlo-

rine . Howeve r t he chl o r ine demand o£ the  water 

was not tes ted and t hus there may have be en 

ins ufficien t FAC avai lab le £o r disinfec tion . 

D e r reumaux e t  al . ( 1 974 ) u sing a bat c h  method , 

bu t a di:f£eren t pH and concen tr ation o£ ameb ae 

to t hose used in  t hi s s tudy ,  demons t r a ted t hat 

wate r  wi th an ini ti al FAC content o£ 1 . 4  mg . 1 - 1  

o£ chlorine was able to s teri lize 2 x 1 03 t r o -
-3 

phozoites . cm in 30 minutes . Thi s agrees we l l  

w i t h  t he fi gure repo r ted i n  Table XI I ,  i . e .  

1 . 2 5  mg . 1
- 1  

ch lor ine s te r i lized 1 . 92 x 1 0
4 

t r o ­

phozoites . cm - 3  in 3 0  mi nutes . They a l s o  

repor ted N aegler i a  t o  be  mor e  s ensi tive t o  

chlori ne t han Acanthamoeb a ,  as did De  Jonckheere 



and Van de Voorde ( 1 9 76 ) who observed that 
3 -3 

whereas 10 cys ts . cm of Naeg ler i a  we re 

s te r i l ized by 2 mg . l
- 1  

of c h lo r ine i n  30 
- 1  

minutes , 40 mg . 1  c h lor ine fai led to s te r i -

lize  Acanthamoeb i c  cysts . 

1 3 7  

I t  s hould be emphas i zed t hat a l l  expe r i ­

ments  discus sed w·i t h  c h l o r i ne h ave been l abor a ­

t o r y  batch exper imen t s , wh ich wi l l  differ c o n ­

s ide r ab l y  from the condi tions found i n  thermal 
pools , l illce s ,  r ivers  and comme rcial pools . 

C h lori nation in  p r ac tice involves breill( -point  

c h lorination to e s t ab li s h , and subsequen t ly 

m aintai n , an ac cep t able res i dual concen t r ation 

( FAC ) fo r dis infec t i on_ I n  New Zeal and , th i s  
. - 1  

var1es from 0 . 1- 0 . 2  mg . 1  fo r potable water 
- 1  

and 0 . 5  - 0 . 8  mg . 1  for recreational waters . 

Thus t h e r e  i s  inte rmi ttent do s ing of the wate r -

o:: th e v,· a -c e r . I n  a swinming -pool s i -c ua l: i o n , 
t he mo r e  o r ganic po l l ut an t s  produced by the 

bathers , the  more FAC wi l l  be needed fo r ade ­

quate di s i nfec tio n . I n  addi t ion i t  i s  impor ­

t an t  to remember th at c hl or ine as we l l  as t he 

o th e r  di s infec tan t s  w i l l have an indi rec t effect 

on PFLA in po t ab l e  wat e r s  by  denying them t heir 

b ac terial  foo d - source , si nce mo s t  bac t e r i a  are 
- 1  

des t royed a t  leve l s  of 0 . 1 mg . 1  of chlorine 

( Whi te , 1 9 72 ) , thus s t ar ving t he ameb ae and 

forcing them to ency s t . I t  has been s hown 

t hat  the c ys t s t ag e  i s  non - infec tive ( Culber tson , 

1 97 1 ) .  

6 . 2 . 2  The Use of A l ternative Di s i nfec t an ts to Ch lorine 

agains t Free - living Amebae 

6 . 2 . 2 1 The U s e  o£ Ch lor ine dioxide as a 

Disinfec tan t  agains t Free - li vi ng Amebae 

A lt ho ugh t here i s  r e l at i ve l y  l i t t le 
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i n£oruati on on  t he us e o£ ch lor ine 

di oxide as a dis infec t ant , i ts mode o£ 

act i on is  thought to be the i nhibi ti on o£ 

p r o tein s yn thes i s  ( Wh i te , 1 9 72 ) .  Like 

ch lorine , it is a v igorous and effec t i v e  

oxidi z ing agent , but i s  5 t imes mor e  

so l ub le i n  w a t e r . U n l i ke ch l or ine , i t  

does no t react w i t h  w a t e r  o r  ammoni a .  I t  
does r e ac t  wi th pro t ei ns , o r gani c ni t r o ­

genous compounds , ph eno ls and aromatics , 

and t hus i s  useful  £o r t he remo v a l  o£ 

t as tes and odour s f r om water . I t  forms 

a s t ab le r e s idu a l  and i s  more ac t i ve at 
an alkal ine pH . I t s  m ain di s advan t age i s  

that  i t  i s  e asily exp e l led f rom s o l u t i on 

and i s  hi ghly exp l os i ve in i t s g a s e o u s  

fo rm ( Tab l e  XXXI ) . I t s relat ive effec ­

tivene s s  as a germ i cide as compared to 

c h lor ine c an be s een from F i g . 25 . T ab l e  

XI I I  shows that c hlorine dioxi de i s  a l s o  

an effec tive di s infec t an t  £o r PFLA . 

Ag ain Acanthamoeba spp . we re mo re r es i s ­

t ant t o  t he di s infe c t an t  t h an N aegle r i a 

spp . Bec aus e o£ i t s  p a r ticul ar prope r ­

t i e s , ch lor ine dioxide may b e  a valid 

a l ternati ve to chlor i ne in those wat e r s  

wi th h i g h  ammoni a c on t amin at ion and an 

alkaline pH . 

6 . 2 . 2 2  The U s e  of Ozone as a Disinfec tan t  

agains t F r ee -living Amebae 

The use o£ o z one a s  a disi nfec t an t  

dates b ack to t he 1 9 00 ' s sinc e when i t  

h a s  been extens ive l y  used i n  Eu rope . 

Becaus e of the recent  associ at ion of 

or ganohalides , formed in po t able wate r  by 

chlorina t ion , wi t h  c e r t ai n  c ancers , ozone 

is r ec eiving more favour able at ten t i on 
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because i ts hi gh germi cidal p r oper t ies 
and lack of toxic end - produc ts m �ce i t  a 

vi able a l t e r n ative to ch lor ine ( Symons & 
Henderson , 1 9 77 ) . I t s mai n  advan t ages 

are : 
i )  i t  i s  a ve r y  r apid , po ten t , broad ­

s pe c t rum germicide ac tive no t on l .Y 

ag ai ns t b ac te r i a ,  bu t a l s o  vir us e s , 

paras i tes and c ys t s  

i i ) i t  doe s  no t fo rm any ob j ec t i on ab le 

by-produc ts in water - i t s  end ­
p roduc t i s  oxygen and t h us i t  lower s 
both b iochemical and c hemic a l  oxygen 
demands ( BOD & COD ) of water and 

i i i ) i t  o xidizes t as te and odour - c au sing 

compounds and removes c o l our f r om 
wate r . 

Comp ar ed to the s e  advan tages , i ts dis ad ­

van t ages ar e : 
i )  i ts r e l ati ve l y  s ho r t  half - l i fe of 

1 5 - 30 minutes doe s  not p e rmi t r es i ­

duals t o  b e  main tained 
ii ) i ts s o l ubi l i ty in wate r is i nve r s e l y  

re la te d  to tempe r ature 

iii ) i t s high oxida tion poten t i a l  ( appr o ­

xima t e l y  twice t h a t  of c h l o rine ) 
c r e ates a high ozone demand in mos t  

natural wate r s  
iv ) unl e s s  regu l ar periodi c t re atment 

is under t �cen , b ac terial  r e g rowth 

occ ur s  ver y r apidly and 
v )  i t  i s  mor e  expens ive than c h lo ri ne . 

Because of o zone ' s  high oxida ti on 
po t e n t i al , i t s  mode of ac t i on is thoug h t  

t o  b e  vi a c hemic a l  oxidation and th us 

inactivation of e ss en t i al enzymes ( Nebel 

e t  al . ,  1 9 76 ) . I ts di sinfec tion ac tivi t y  
i s  often s ai d  t o  b e  as sociated w i th an 
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' al l  or  no thing ' phenomenon and once the 

ozone demand o£  the water is  s at i sf i ed , 

then di s infe c ti on pro ceeds r apidly . Unde r 

the s ame condi tions , i t  i s  gener a l l y  agr eed 

th at  ozo ne is  a mor e  po tent b ac te r i cide 

th an ch l o rine , wi th concentr ations as 

li t t l e  as 0 . 04 mg . 1
- 1  

o£ o zone being ef ­

fec tive against  Esche r ichia coli 

( Katz ene lson e t  al . ,  1974 ) . 

Tab l e  XI I I  demons tr ates that ozone 

i s  al s o  amebicidal , bu t only at  much 

higher c oncentrati ons as c ompar ed to 

ch lor i ne or deciquam 222 . The r e l ative l y  

higher concen t r ation o f  oz one n eeded to  

c ons t i t ut e  amebi cidal dis i nfe c tion i s  

due t o  bo th i ts p o o r  s tabi l i ty ,  because 

of  i t s  short half- life , and to the o zo ne 

demand of the wate r , probab ly a func tion 

of the gre ater c ytoplasmic mass of amebae 

as compared to b acter i a .  Thi s ozone 

demand is r e f l ec ted i n  the differ ence 

be tween the ini ti al and final concent r a ­

tions of  ozone . However no differences 

in sens i ti v i ty to o zone were de tected 

b etween N aegler i a  and Ac an t h amoeba spp . 

6 . 2 . 23 The Use o£ Deciquam 2 22 as a Dis infe c t an t  

agains t Free- livi ng Amebae 

Quarte r nary ammonium compounds 

( QAC ) are s ynthe t i c  organic disinfec ­

t ants  whi c h  are v e r y  s o luble i n  wate r , 

h ave no c o lour and manifes t a s trong dis ­

infec t in g  action i n  sma l l  quanti t ies  

whi le pos sessing ver y  l ow toxici t y  £or 

humans . They are s ur face - ac t ive sub ­

s t ances which are e as i l y  adso rbed on the 

surface of  so lut ions , and by vi r tu e  of 
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t hi s , are ab l e  to lower t he surfac e 

t en s ion of s o lvent s . Op timum pH r ang e 

i s  usua l ly b e t ween 6 . 4 - 9 . 6  whi l s t  t h ei r 
biocidal ac t i vi t y  i s  acc e le rated wi th 

i nc r easi ng t emp e r at u r e  ( Ve rbina , 1 9 74 ) . 

QAC do no t r e ac t  w i t h  water  and t he r e ­
fo r e  there i s  n o  QAC demand ,  and be ­
c aus e of t hi s ,  pos s ib i li t ies fo r 

r ecyc ling exi s t  ( Wang & Peery , 1 9 75 ) . 
They are , however , inactivated b y  hard 

wa t er s . 

The i r  mode of ac t i on i s  though t t o  

b e  mu l t iphasic . T h e  c a tion binds t o  t h e  

ac i di c  g r oup s of t he c e l l  memb r ane ne u ­

t r ali zing the membrane poten ti a l  and 

t hus i nhibi t i ng t he pe rmeabi l i t y  b a r r i e r . 
Owing to the low s urface tens ion o f  the 

QAC , a tighter con t a c t  between the 
s olut ion and mi crobe i s  formed , i ncrea­
s i ng the absorp t i on o f  t he ant i sep t i c  

a t  t he surface of the mi c robi a l  c e l l . 

Thi s  l eads t o  dis t urbances of the per ­
meabi li t y  bar ri e r  causing leillcage o f  
mac romo lecules a s  we l l a s  dena t ura -
t i on ( Verbi na , 1 97 4 ; Wang & Peery , 
1 9 75 ) . The r e l a t i ve bac t e ricida l  ac ti ­
v i t y  of QAC compar ed to ch l o ri ne c an be 

- 1  j udged from the f in ding that  3 . 0  mg . 1  

of c e t y ldime thy lbenz y l ammoni um c h l o r i de 

was bac tericidal fo r 2 x 106 coliform s  
- 1  wi thin 1 5  mi nute s , wher eas 8 . 0 mg . l  of 

c h lo r i ne fai led t o  ki l l  9 . 8 x 1 05 co l i �  

f orms i n  3 0  minu t e s  ( Wang & Pek , 1 9 75 ) . 

The r es u lt s  i n  T able XI I I  show t h a t  
deci quam 222 i s  a v e r y  p o t e n t  amebi c ide 
being approxima t e l y  20 times mo re 
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effec tive than c h lorine . I t s u s e  h a s  
previo us ly b een r epo r t ed b y  D as and J adin 

( 1 974 ) who obtained am ebi c i d a l  co ncen -
- 1  

t rations of 0 . 0 25 mg . l . Th i s hi g h 

amebi c i dal ac t i v i t y i s  thouoh t due t o  
the ext r eme s e n s i  t i  v i  t y  o f  t he ame b i c  

p l asma memb r ane to s u r fac e - a c t i v e  r e ­
agent s ( Ca r t e r , 1 9 72 ) . Agai n n o  d i f ­

ferences in su s cep t ibi l i t y b e tween 

Naegl e r i a  and A c an t h am oeba spp . we r e  
ob served . 

I n  conc l usion deciquam 222 , ch lor ine , c h lo r i n e 

di oxi de and o zone al l po s s e s s e d po tential di s i n f c c t i n <J 

prop e r t ies f o r  PFLA , but at hi gher levels t h a n  tho s e  

us ed fo r di si nfec ti ng bac t e r i a . Of th e 4 d i s i nfec t an t s  
exami ned , deci quam 222 p roved to b e  the mo s t  e ffec t i v e 
ameb i c ide f o l lowed b y ch lo ri ne , c h lo r i ne d i o x i de a n d  
o z o ne . The final choice o f  a par ticu la r d i s i nfec t an t , 
howeve r ,  mus t r emai n tied to the  ph y s i c a l  and c hemi c a l  
pa rame t e r s  o f  th e water t o  b e  di s i nfec ted .  T h o  

nec essity  for an  effec t i ve di s i nfectan t  can be j ud g e d  

by the i ncrea sing numbe r of i so l a ti ons of f ree - l.i v i n 0 

am ebae f r om po t able  and r ecreational  wa t e r s  ( Ce rva , 

1 9 7 1 a ; Chang , 1 9 7 1 ; Ander son & J ami e s o n , 1 9 72 ; Ce r v a  & 

Hu ldt , 1 9 7 4 ; Molet  e t  a l . ,  1 9 7 6 ; Lyons & K ap u r , 1 9 7 7 ) . 

The fi ndi ng t ha t  the majo r i ty o f  amebae is ola ted from 

t hese s t udi es  belonged to the g enus Acant hamoeba , 

t e s tify t o  i t s greater r e s i s t an c e  to ch lorine than 

N aegleria spp . Af te r a r eview of 16  fa tal c a s e s  of PAM 
f r om an indo o r  chlo rinated swimming poo l , Cerva ( 1 9 7 1 a )  

s t ated th at , 1 i t  app ear s t hat  t he con s t ant presence o f  

numerous popu l ations o f  amebae of  t he limax group can­

no t be prevent ed even unde r the s t ric tes t observation s 

of  all  rout i ne safety measure s  app lied to po table 

wa ters . 1 However , Lyons and K apur  ( 1977 ) i n  a survey 

of  30 halogenated pub l i c  swinni ng pools conc luded that 

the  low amebi c densi ties  ( <1 . 1 - 1 }  i n  th e major i t y  of  
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poo l s  i l l u s t ra ted that these  organ i sms cou l d  be ade­

qu a t e l y  c on t r o l led by p roper poo l mai ntenance .  The 

po sses s io n  of r es i s tant cy s t s , however , co ns t an t ly 

comp l i c ates  the di sinfec t ion process . 

6 . 3  Immun i ty to PFLA 
The abi l i t y  of a patho g en to develop i n  tls hos t 

depends on the balance between t he g r owth - promo t ing 

fac t o r s , e . g .  nutrients r eq�u red by the o r o ani sm , and 

growt h - i nh ibi t i ng fac t or s , e . g . ho s t  defenc e mech a ­

ni sms , p r e s en t i n  the ho s t  envi ronmen t .  Suc c es sful 

pa r as i t es are co nsidered to be  th ose wh ich can o b t ai n  

al l t he i r  requi r ement s from th e i nfec ted hos t wi thout 

causing  exc e s s i v e  damage t o  t he lat t er . Thus wel l ­

e s t ab l i shed pa rasi tes , whi c h  usually cause chro ni c  

inf ec t i ons , h ave genera l ly r e ached a homeos t a t i c  

relat ions hip wi t h  the hos t cau sing the sma l les t amo u n t  

of damage c ompatible wi t h  t h e  need t o  enter , mul t iply 

and be di schar ged from the hos t .  I n  thi s con t ext  

pathog enic Ac anthamoebae may be c on sidered to  be  m o r e  

adap t ed to i nf ec ting Man than N.  fowleri . Th i s  is  also 

ref l ec t ed by t he vari e t y  o f  c h ronic di seases t h a t  

Ac an th amoeba c an caus e , e . g .  resp i r a tory i nfec t i ons  

( Culber t son , 1 9 7 1 ; Martinez et a l . ,  1 9 75 ) , corneal 

u l c e r a ti o n  ( V i svesvar a  & Jones , 1 9 75 ) , and meningo ­

encep ha l i ti s  ( Ma r t i ne z e t  a l . ,  197 7 ) . The se  condi ­

t ion s are usua l l y associ a l ed wi t h  some predispo sing 

co ndi t i on i n  th e ho s t , e . g .  undergo ing immuno s upp r e s ­

sive t r ea tment , i n  addi t i on to i nvasion by 

Acan t h amoeba . I n  thi s con t ex t  Acan thamo ebae may be 

r egar ded as t ran sient commensal s  exc ep t  when t he ho s t ­

paras i t e  r e la ti onship i s  up s e t  a t  which time they sh ow 

mar ked vi r u lenc e . On t he con t r a ry , N .  fowle r i  c aus es 

an acu t e  meningo - encepha li ti s  ( Culber tson , 1 97 1 ; 

Car ter , 1 9 7 2 ) . Since both N aegleria  and Acanth amo ebae 

are f r ee - livi ng p ro tozoa and the human hos t i s  c l e ar l y  

unnece s sary f o r  t he sur vival  of the amebae , acu t e  

infec t i on b y  N .  fowleri may i ndi rec t ly be a r e s ul t 
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of Man ' s  c l os e a s s o c i a tion wi t h  thermal contam i n a ­

t ion of t h e  envi r onmen t whi ch s e lecti v e l y  favo u r s  t he 

mo re t h e rmophi l i c  N .  f owl e r i  ( Griffi n , 1 9 72 ) as 

sug g e s t ed by De Jonckhe e r e  e t  a l .  ( 1 9 75 ) . 

6 . 3 . 1  The Presen c e  of Ant i bodi e s  t o  PFLA i n  Human Sera 

In  vi ew of t he ubi qui tous dis t r ib u t i on of 

f r ee - li vi ng ar.1ebae in the envi ronmen t ( s e e  

I n t r odu c t i o n  1 .  2 ) , t o g e t he r  wi t h  t h e  i s ol a tion 

of N . fowl e r i  and Acan t h amoeba spp . f rom th e 

h uman nasopharynx ( Schum aker e t  al . ,  1 9 7 1 ; Ce rva 

e t  a l . ,  1973 ; Chang . e t a l . , 1 9 7 5 ) , t he f i nding 

o f  anti bodi es t o  bo t h  pa t hogeni c and non -pa t ho ­

geni c free - li ving amebae i n  t he s e r a  of apparen t ly 

no rmal human s was no t e n ti re l y  unexpec t ed . Such 

i n t imate con t ac t wi t h  Man i s  h i gh ly l ike l y  to  

l e ad t o  the induc tion o f  a n  immune respo n s e . 

P r evi ous fi ndings of an tibodi e s  to PFLA i n  h uman 

s e r a  ar e s umm ari sed i n  Tab l e  XXXI I .  Mor e  

r ec en t ly , b o th Naeg le r i a  and Acan t hamo eba s pp . 

have been imp li ca t ed i n  h umidi f i er diseas e , whi ch 

i s  a fo rm of a l l er gi c  al ve o li ti s ,  caused by 

amebae g ro wi n g  i n  the s t a gnan t water o f  the humi ­

di f i e r  o� an ai r - c ondi t ioning uni t and bei ng 

l ib e r a ted as an ae r o so l i n t o  the atmo sphe r e  

( lVI . R . C .  Sympo si um , 1 9 77 ) . 
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Tab l e  XXXI I . Previ ous Repo r t s o£ An t i bodies i n  Human Ser a  

Ar.J.eba Sero logi cal Ti t re Reference Te s t  

A .  & c ompl emen t - 1 /40 1 / 1 60 
Ch ang 

cas te l lanii fi xa ti on 
-

Owens , 1 9 6 4  

Acan t hamo eba comp lemen t -
1 /5 1 /40 E l r i dg e  & 

-

spp . fi xat i on To b i n , 1 9 6 7  
f-----

N .  o r uberi  ge l - ne a t Edwards 
di ffu s i o n  e t  a l . ,  1 9 7 6  

N .  £owl e r i  radio - 1 /45 1 /398 Tew et a l . , 
immuno a s s ay 

-

19 7 7 

A .  
cas t e l l an i i  I FAB Nea t 1 / 100 M . R . C .  Sym -
A .  
:eo l�J2h a$;la 

-

ge l - nea t po s ium ,  1 9 77 
di ffusi on 

The res u l t s i n  Tab les XI V ,  XV & XV I  s h ow that 
whe r eas Ac ant hamoebae had ti t re s  ranging from 

l /5 - 1 / 80 , Naeql e r i a  spp . had only a t i t re o f  
be t ween 1 /5 - 1 / 20 .  General l y , the i ntensi ty o f  
f l uor es c enc e and a n tibody t i t re o£ t h e  pa thogen , 

wa s s imi l a r  to the non - p atho g en and no di scrimi ­

na t i on was ob served b e t ween di ffe ren t b lood 
gro ups or b e tween t he two s exes . Thi s s e r o l o g i c a l  
c r o s s - r eac t i vi t y  b e t ween p a t hogeni c a n d  n on ­

p a t hogeni c amebae i s  probab l y  a r e s u l t  o £  an t i feni c  
s imilari ty ( Wi l laer t & Jadin , 1 9 7 4 ; Hadas 

e t  a l . ,  1 9 77 ) . The r es u l t s  in T abl e XVI I sugg e s t  

that these antibodies be long t o  t he I gG and I gM 

c l ass es . Since o n l y  I gG c r o s s es the p l ac en t a , 

m a t ernal I gG an t i bodi e s  are l i ke l y  t o  b e  respon­

sible £or t h e  po s i t i v e  reac t ions wi th cord ser a ,  
a s  i t  i s  un like l y  that newborn infan t s  wo uld h ave 

h ad pr i o r  c cntact  wi th PFLA or eno ugh time to 
s yn thes i s e  their  own ant ibodi e s . The f in di ng o f  

specific I gM an t i b odi es i n  adu l t s e r a  was s u r ­
p r i s i ng i n  view o £  i t s r e l a tive ly sho r t  hal£-
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life and that as  the immune r espon se unfo l ds , 

I gM an tibodi e s  are  rep laced by I gG antibodi e s . 

Si nc e t he t i t r e  and int ens i ty of the  f l uo r es ­

cence of the I gM antibodi es  closely  para l l e l ed 

that o£ the I gG antibodies , thi s may be due to 

ei ther r ecent i nfec tion or persis ten t  exposure to 

free - li ving amebae . In thi s co ntext , the afo r e ­

mentioned i so l a ti on o f  free - l i ving amebae from 

the  nasopharynx of army recrui ts ( Cerva et  a l . , 

1 9 73 ) c ould i ndi c ate tha t Ac anthamoebae are com ­

mon t ransi tory human commensals and may exp lain 

the higher an tibody ti t r e  to Ac anthamo ebae p r e ­

sent i n  no rma l s e r a . T h e  observati on o f  a very 

l ow I gA ti t r e  i s  no t surpri s i ng as it has a s ho r t  

half- life and i s  as soci a ted wi th a locali zed 

r esponse .  

6 . 3 . 2  The P r e s ence of a Speci fic Neut rali z ing Fac to r  

agai nst  PFLA in  Norm al Human Se r a  

The detec tion o f  a fac tor present o n l y  i n  

fr esh adu l t  human sera capab le of i nhibi ting the 

forma tio n of CPE in  Vero c e l l  cul ture by � 

c ulber t soni ( Tabl e  XV I I I )  sug ge s ts tha t no rmal 

human s era con t ai n  some ' natural  an tibody ' to 

Ac an th amo ebae ( Boyden , 1 9 6 6 ; Mi c hae l ,  1 9 69 ) . Thi s 

view i s  s uppo r t ed by thi s  fac t o r  pos s es s i ng pro ­

per t i es typi c a l  o £  t hose exhi bi ted by natu r a l  

an tibodies i n  that : 

i )  i t s action was independen t of an tibody ti tre  

( 1 / 10 - 1/20 compared to 1/40 - 1 /80 ) 

ii ) i t  was found only i n  adul t but  no t cor d  s e r a  

iii ) i t  was specific fo r A .  cu lber t soni and not 

for  N .  fow l e ri and 

iv)  i t  was hea t - l abi le i n  that 56
°

C/30 min 

i nactivated i t .  

Since the nonspeci fic term ' natural  an tibody ' 

i s  immuno logica l l y  incor rec t however , the £ac to r  

i s  bes t r efer red t o  a s  neu t r a l i zing or  r e s i s tance 



fac to r . 

No neut rali z a ti on was obs e rved wi th the use 

o f  he ated o r  unhe ated hype r immune rabbi t an t i ­

sera no r was any neut rali zation observed aga i n s t 
N .  fowler i . The addi t i on of  fr esh guinea -pi g 

comp l emen t did no t affec t any of the resu l t s . 

The fi ndi n g  of an amebi cida l fac tor  against  

Acan thamoebae 1n fresh adul t sera  has previ ou s ly 

been r epo r ted by Culber t son ( 1 9 7 1 ) . He , like 

Car t e r  ( 1 9 70 ) , al so found tha t fresh normal human 

sera we re amebici da l fo r N. fowl e r i . Th i s  di s c r e ­

panc y between the neu t ra li za t io n  res u l t s , r epo r t e d  
by Cu lber tson and Car ter t o  tho s e  found i n  t hi s  
s t udy are l ik e l y  to r e su l t  from diffe renc es  in 

as say condi t ions . Car t e r  repo r ted the hig hes t 

t i t r e  for immobi l i za tio n and ly s i s  of 1 0
2 

- 1 0 3  
- 3 

amebae . cm to be  1/8 . Howeve r ,  th e lowes t 
Ll. 

ass ay ti t re us ed in  the neut r a li z a t i on o f  10 · 
- 3  

a.m.ebae . CPl i n  Ve ro ce l l  c u l t ure was 1 / 10 . 

Neut r a li z ing fac tor s in  human sera ag ain s t  o t h e r  

pro tozoan s such as  Trichomonas vagina li s and 

Trypano soma b rucei have al so b een repo r t ed 

( Honi gberg , 1 970 ; Terry , 1 97 6 ) . I n  t h e  c as e  of 
T .  b r uc ei thi s facto r has  been s hown to b e  a 

mac rog lobu li n , po ssibly I gM ( Te r r y , 1 9 7 6 ) . 

The mode of a c tion of  such neutra liz ing 

fac tor s r emai ns obscure . B eckerdi te -Qua g li a ta 

e t  al . ( 19 75 )  repo r ted t h a t  no rmal human se rum 

ki l li ng of t he bac t e rium Ser r a t i a  marcesens was 

due to  the ac tivation of the endog enous bac t e r i a l  

phospho l ipas e A and not s erum pho spho lipase A .  

I n  t h i s  con tex t  t h e  l ysi s o f  t rophozoi tes by no r ­

mal human s e r a  ( Car ter , 1 970 ) may b e  the res ul t 

of a simi l a r  phenomenon , s ince bo th pa thogenic 

and non -pathog eni c free- l i ving amebae have a l s o  

been shown to pos s e s s a phospho l i pase A ( Cursons 
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e t  a l . ,  1 9 78c ) . These neu t r a l i zing fac to rs  may 

b e  responsible f o r  the loca l i z a tion o f  N . fowl e r i  

infec t i on s  t o  the c en t ra l  ner vous sys tem and the 

need fo r some predi spo sing c ondi tion befo re 

i nvasion by Acanthamoebae i s  s uccessful . 

6 . 3 . 3 The I nduc tion of the Ce l l -l\1 edia ted Immune 

Sys tem 

(Cl\l i ) 

P revious wo rk by Diff l ey e t  a l . ( 1 9 7 6 )  

demons t r a ted that CMI p l ay s  a n  impor tant r o l e 1 n  
t h e  defenc e of  guinea -pi gs  i nfec ted subc u t aneou s l y  

wi th N .  fowl er i . Culber t so n  e t  a l . ( 1 972 ) ob ­

s erved g ranuloma fo rmation ,  an indi c a t o r  of Cl'v!I 

( Bar ret t ,  1 974 ) , i n  guinea -pi g s  infec t ed subc u t a ­

neous ly wi th N .  £owl e ri , and the find ing of 

g ranuloma as dis tinc tive p a tho logi cal l e s io n s  1 n  

Acanthamoebae infe c tions has b een commen ted upo n  

( Cu lb e r tson , 1 9 7 1 ; Mar tine z  e t  a l . ,  1 9 77 ) .  

Fu r ther suppo r t  o£ CMI p l ayi ng a dec i si ve r o l e  ..L n  

resis t ance t o  i nfec tion b y  PFLA i s  d0nons tra t ed 

by th e incr eased s uscep t ibi li ty to in fec tion by 
PFLA exhi bi ted by cor tisone t reat ed animals 

( Cu lber t s o n , 1971 ; Wong et a l . , . 1 9 7 5 a  & b ) . Th i s  
i s  thoug h t  to be due to  th e s upp ression of the 

CMI sys t em , i . e .  the T-lympho cy t es , by  co r t i so ne 

and r e l a t ed s teroids . Al though co r t i sone can 

s upp ress t h e  p rimary I gG response to some extent , 

the seco nda ry I gG r esponse i s  l argely  resis tan t 

to s tero i d  ho rmones ( Ba r r e t t ,  1 974 ) . 

Th e r e su l ts in  Tables  XIX & XX and P la t es 

2 5 -30 confi rm tha t  bo th th e in vi tro MIF  and 

i n  vi vo DH c o r r e lates of  CMI were ab le to res ­

pond to bo th  h e tero logous and homo logous an ti ­

g en s . As expe c ted , the homo lo go us reac ti on was 

g reat er than the hetero logou s combina tion . The 

simi l ar an tigeni c i den t i t y  between pathogeni c and 

non -pa t ho geni c spec i e s  of f ree - li v ing amebae has 



been commented on by others  ( Wi l l aer t e t  a l . , 

1 97 2 ; Vi svesvara & He aly , 1 9 1S ;  Wi l l aer t & 

Jadin , 1 9 74 ; Curs o n s  & Brown , 1 9 7 6 ; Hadas 
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e t  a l . ,  1 9 7 7 )  and i t  i s  l ike ly  that the s e  com ­

mon g roup antigens reac ting wi t h  the T - l ympho -· 

cyte recepto rs a r e  responsib le fo r th e c ro s s ­
reac ti ons . Thus i n  vi t ro , T - l ymphoc y t es ob t ai n ed 
from g uinea-pi g s  s en s i ti ze d  to N .  grub e ri an t i ­

gen s r esponded by p ro duc i ng the l ymphoki ne l\U F 

when p r e sented wi th N .  fow l e r i  an ti g e ns . J o hn 
et  a l . , ( 1 9 77 ) hav e  sh own th a t  mi ce p revi ou sl y 
immuni zed wi t h  ei t her l i ve N .  gruberi  o r  dead 

N .  :f o w l er i  wer e s igni f i c an t ly p ro tec t e d  a ga i n s t 

a s ubs equent normal l y  l e th a l  cha l l enge of 
N .  fowleri .  Furthe r ,  N .  gr uberi p r oved to b e  the 

mor e effectiv e immuno gen . Thus s uppo r t  i s g i ven 

to thei r hypothesis  tha t  M an ' s  unwi t t i ng expo s u r e  
to t he mo r e  ubiqui to us N .  gr ub e ri , may ir.�uni z e  

him agains t N .  fowl eri . I t  i s  like l y  t h a t a simi ­
lar immuni zation b y  non-pathogenic Ac an t h ar.10 eb a e  
ag ains t pathogeni c Ac an thamo ebae c oul d occur . 

6 . 3 . 4  Immune Responses i n  Re l a tion to I nfec tion wi th 

PFLA 

Like mo s t  mi c robial inf ec ti on s , i nfec ti o ns 
wi th PFLA begin at the s urface of the muco s a l  

memb r ane s . I nfec ti on wi t h  N .  fowleri h a s  b een 

sh own to b e  vi a di s r up ti on of the olfac to r y  

muco s a , penetration into  the submuco sa l ner vous 
p l exus and pass age th r ough the c r i b rifo rm p l a te 

to th e s ub arachanoi d  space ( Car ter , 1 9 70 ; 

Culb e r tson , 1 9 7 1 ; M ar tinez e t  a l . , 1 9 7 3 ) . 

Al tho ugh i ntranas a l  i nfec ti o n  by di r ec t extens ion 

i n t o  t he cen t ra l  nervo u s  s ys tem ( CNS ) has a l s o  
been shown wit h A .  cu lber t so ni (Culber tson , 1 9 7 1 ) , 

invo l vement o£ the CNS app ears to b e  a s econda r y  

phenomenon repre s en t i ng me tas t a tic spr e ad f r om a 
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primar y foc us i n  the ski n , geni to ur i n ary or 

respi r a tory t r ac t s  ( M ar tinez et  a l . , 1 9 7 7 ) . 

Fo l lowing i nt r anasal ino c ul at i on , t he amebae mus t 

res i s t  t he c l eans i ng ac t i on o f  the muco ci liary 

blanke t and avoi d being caught up i n  the mucus 

and swal lowed . Al though no di r ec t  a t t achmen t to 
t he na s a l  epi th e l i a l  cel ls  by N .  fowleri  has been 

obs e rved , i t  app ear s that  the mucoci l i ar y  b la nke t 

ac t i ve l y encou r ages residence of Naegler i a ,  wi th 

amebae ac tively des t roying it  ( Car ter , 1 9 70 ; 

Martinez et a l . , 1 9 73 ) . Chang  ( 1 9 74b )  repo r ted 

t hat the nasal discharge of  a l lergic  rhi n i t i de s  

ac tual l y  s uppor ted a l imi ted m u l t i pl i c a ti on o f  
Naeg leria t ropho zoi t e s  wi th associ a t e d  CPE i n  

epi t he li a l  c e l l s .  I t  i s  at  thi s s t age that 

sec r e to ry I gA may be impo r tant in inhibi ting the 

aill1 e r ence of th e amebae to th e surface of the 

m uco sal c e l l s  t hereby prev enting en t r y  into the 

body ti s sues and thus resis tance . I n  t h i s  con-

text , l o c a l  imm une reponse i n  var i ous muco s a l  
sm: faces can b e  s tir!m l a tcd bes t b y  l ocal app l i ­

c a t i on of an an t i gen and i t  has b e en demon s t r a ted 

th a t  i n t r anas a l  i n s ti l l a t i on o f  po l i o v i r u s  r es u l t s  

i n  L �e p r onp : appearance o i  I �� po l i o v i r us an ti ­

body ( Og ra et  a l . ,  1 9 75 ) . Recen t e v i denc e a l so 

sugges ts  t ha t  l o c a l  r espi r a tor y t r a c t CMI may 

be impor tan t  i n  ho s t  defence t o  a wi de sp ec t r um 

of infec ti ous di s e as e agen t s  and may be r e l a -

t i ve ly i ndependen t of sys temi c CMI ( Ba l l anti e t  al . ,  

1 9 75 ) . Because I gA has a relati vely sho r t  half­

l i fe of 6 days as c ompared 25 days fo r I gG ,  p ro ­

t ec ti ve immuni ty i s  s hor t - li ved and acco rdi ng ly 

r e s i s tance to r espi ratory di seases i s  sho rt - l i ved . 

Since i t  takes a few days for an tibo di e s  o r  immune 

ce l l s  to be fo rmed i n  appr eci able amounts  and 

del i ve r ed to t he si te of i nfec tion , p r evi ous o r  

cont inuous expo s u r e  i n  t he fo rm of t ransi tory com ­

mens als , may play an impo r tant par t i n  r e s i s tance . 
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F o l l owi ng des t ruc t i on of t he �ucoci l i a r y  
b lanke t , t h e  amebae a r e  phago c yt o zed b y  t h e  s u s ­

ten t ac u l a r  c e l l s  of the o lf ac to r y  epi theliLill . 
Thi s appears to b e  the m os t frequent avenue 

uti l i zed in i ni t i a l  pene t r a t i on of the muco s a l  

barr i e r . At t hi s  s tage t h e  ho s t  reac t ion con ­

si s ts o f  a s li gh t  pur ul en t  i nf l amma t i o n  wi t h  
typ i c a l  assoc i a t ed i n fi l t rat ion b y  po l ymo rpho ­
nuc l ear l euko c ytes ( PMN ) whi c h  a r e  o b s e r v ed to 

be attacki ng th e ameb ae ( Ca r ter , 1 9 70 ; M a r tinez 

e t  a l . , 1 9 7 3 ) . 

D e ep amebi c i nvas i on o c c u r s  when the o r g a ­
ni sms pi e r c e  the basal memb r ane and the l ami na 
propr i a , r e ach ing the s ubmuco s a l  p l exus 

( Mar t i nez e t  a l . ,  1 9 73 ) . Onc e am ebae have reached 

the sub - epi t h e lial  t i s s ues , they are expo s ed to 
the ho s t  defence sys tem compri s i n g : 

i )  phagocyti c  c e l l s  

i i ) 

ii i )  
iv ) 
v )  

an timi crobi a l  subs tanc es i n  body t i s s ue s  

and f l ui ds 
i nf l ammat i on 

h umo r a l  anti body and 
CMI 

Owing to the delay b e t ween i nduc ti on and a 
specific e ffec t i v e  immune r e spons e , the fi r s t  
line o f  defence cons i s t s  o f  the cons t i tu tive 

phagocy t e s , name l y  neut roph i l s , mo nocytes and 
macrophages . Exp e r iment a l  evi dence s uppo r ting 

thi s c om e s  f rom the use of gno tobi o tic anima l s .  

A l though gno tobio tic animal s  h av e  the same 

immuno logi cal  p o t en ti al as conven t i onal anima l s , 

because o f  t hei r ' s t e ri l e '  env i ronmen t ,  only thei r 

cons ti tutive defense sys t em ,  as oppo s ed to both 
the  cons t i tu ti v e  and inducib le defenc e sys t ems of 

conven t i o nal anima l s , i s  ope r ating . Thus i t  has 

been shown tha t  gno tobi o t i c  gui nea -pi g s  infec ted 
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i n t r anas a l l y  wi t h  N .  £ow le r i  exhibi t t he s ame 
symp toms and a s imi lar c o u r s e  of events as tho s e  

of normal g uinea-pigs infec ted wi t h  N .  fowl e r i 
by the s ame r oute ( Cerva , 1 9 7 1 b ; Ph il lips , 1 9 7 4 )  

Hi s to logi c a ll y ,  t he ho s t ' s  immune respons e ,  con ­
sis t i n g  o f  inflamma ti on , enou l :Cmen t o £  ar.112bac b;r 

phagoc y t e s , th e forma tion o£ mul t i nuc l ea t ed g i .:11 1  t 
c e l l s  toge th e r  wi th t he c lo s e  proximi t y  of eos i ­

nophi l s , l ympho cy te s , p l asma c e l l s  and phago c y t e s  

to the amebae , i s  s een i n  p a tho logical lesions o f  
meningo - enceph a l i ti s  c au s e d  by ei th e r  N .  fowl e r i  
o r  Acan thamoeba spp . ( Ca r t e r , 1 9 70 ; Culb e r  t son , 

1 9 7 1 ; M a r t inez e t  al . ,  1 9 7 3 , 1 975 , 1 9 7 7 ; 
Vi svesvara & Callaway , 1 97 4 ; S arph i e  & A l l en ,  
1 9 7 7 ; Schus ter & Dunnebacke , 1 9 7 7 ) . Des t r u c ti on 

of phagocy tes by amebae c an a l s o  occur ( Vi s ves var a  
& C a l l away , 1 9 74 ) . 

To e sc ape the a c ti ve phagocy tos i s  of p,\JN and 
mono c y t e s , amebae invade t he u nmye li na t ed axons 

of the £ i l i a  o l£ac to ria and are a l so seen wi thin 

the peri neural spaces wi th no accompanying i nf l �l ­

matory r espons e . Via th i s  pat h  amebae even t ua l l y  
r each th e s ub arachnoi d spac e , o lfac tory t rac t s , 
o l fac to r y  b u lb s and co n t i guous CNS s t r uc tures 
(Mar tinez  e t  a l . ,  1973 ) . The end r esu l t  shows 

the nas a l  muco s a  wi t h  ex t en s i ve l o s s  of s u rface 
epi the lium ,  severe purul ent infl amma ti on an d 

par t i a l  nec rosis of the submucosa wi t h  mas s i ve 

ameb i c  i nvasi on . The nasal cavi ti es are fi l l ed 

wi t h  a puru lent and h aemo r rh ag i c  exudate con ­

t ai ning numerous amebae . M an y  amebae are s een in 

o lfac tory nerve bundles whi ch are vir tual l y  des ­

troyed b y  purulen t  i nf l ammati on , a s  are the o l fac ­
tor y  lobes . Necrosis s tops ab r up t ly at  t he po s ­

terior  margi n o f  the o lfac tory lobe , the adj ac en t 
1 mm o r  so o f  c e r eb r a l  hemi spher e  showing o n l y  
moder a t e , acu t e  i nf lammat io n , foc al haemo r r hage 

and mode r at e  di ffuse amebi c  i nvasi on . More 



po s terio r l y , ti s s ue r eac tion i s  vir tua l l y  

abs ent , a l t hough amebae are  f r e e l y  i n vadi ng 

b r ain ti s sue . In addi ti on b lood ves s e l s  are 

c losely  packed wi th amebae wi thin thei r adven -

· t i t i a  an d peri vas cul a r  spa c es { Carter , 1 9 70 ; 

Martinez et  al . ,  1 9 73 ) . 

Becau s e  of t he acu t e  nat u re of PM! c aus ed 
by N .  fo wl eri t he r e  i s  li t t l e  evi dence f r01:1 
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s uch infec tions imp l i ca t i ng indu c i b l e  sys t ems 

of imr.lllni ty ( name l y  humo .r a l  and GU ) i n  an <1 c t i ve 

defenc e r o l e . Al though speci fic  c omp l em e n t ­

fi xing an tibodies h ave been observed i n  gui nea ­

pigs i n£ ec t ed wi t h  N .  fowl e r i  ( Cerva , 1 97 1b )  , 

t he resu l t s  i n  Tab l e  XVI I I  su gge s t  that anti ­

bodi es and complement  are ineffec tive dir ec t l y  

agai ns t the amebae . Thi s may b e  due t o  r edi s ­

t ributi on and endocytosi s o f  surf <lce bound 

ant ibody comp l exes , s imi l a r  to tha t  s een in N .  

gr uberi ( Pres ton e t  a l . ,  1 9 75 ) and E n t .::unocb<l 
hi s to lyt i ca ( Aus t -Ke t t i s  & S undqvi s t , 1978 ) , 

thus provi ding the amebae wi t h  a powe rful m e c l! a ­

ni sm of e s c ape from des t ru c tion by ho s t  an ti ­

bo di es . An tibodies  h oweve r ,  may func t ion i ndi ­

r ec t ly i n  ho s t  defen ce as ops onins , pr omo ting 

phagocyto s i s  via the F e  r ecepto rs  of n e u t rophi l s  

and mac rophages . Experimen ta l l y , inducib le 

sys t ems of immuni ty h ave b een shown to p l ay an 

acti ve r o le in resis t ance to i nfec ti on wi th N .  

fow l er i . Mice previo u s l y  sensi ti zed to a s ing l e  

do se  wi th ei ther N .  fowl e r i  o r  N .  gruberi via the 

i n t r aperi toneal o r  i n t r avenou s  routes wer e  mo re 

r e s i s tant to r echa l l enge wi th a no rma l l y  fatal 

do s e  o f  N .  fowleri by th e i n t r aper i tonea l ,  i n t r a ­

veno u s  o r  int rana s a l  routes ( Adams e t  al . ,  1 9 7 6 ; 

John e t  al . ,  1 977 ; Thong e t  a l . , 1 9 78 ) . That thi s 

was an inducib l e  r e spons e was emphash ed by the 

ob s e rvation t h a t  acqui r ed p r o t ec ti ve immuni t y  

took 3 weeks to develop and was s een t o  wan e 7 
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weeks aft e r  immuni z a t i on ( Tho ng e t  a l . ,  1 9 78 ) . 

A mor e  ac tive ro l e  i n  defenc e by t h e  Cl'li 
sys t em i s  suggested b y  D i ££ l e y  et a l . ( 1 9 76 )  who 
found tha t gui nea -pi g s  whic h r ecovered f rom N .  

£owle r i  i nfec tions exhi bi t e d  DH when t e s t e d  wi t h  
so l ub l e  N .  £owleri  an t i gens . O t h e r  eviden c e  
imp li c ating CMI i n  a mo r e  ac t ive r o l e  come s £ ror.1 

the i nc r e as ed susceptibi l i t y  to i nfec tion wi t h  

N .  £owl eri  i n  immuno suppr e s s ed anima l s  ( Won g e t  a l . ,  
1 975a & b ) . Sp ecifi c a l l y  wi t h  Acan thamoeba 
i nfec t i on s , the forma tion o£ g r anuloma i n  an 

a t t emp t to wal l  o ££ t h e  o r g ani sm ( Culb e r t so n , 1 9 7 1 ; 
Mar tinez e t  a l . ,  1977 ) p rovides f ur the r evi dence 

for an ac t i ve CMI ro l e  in defence . The abi l i t y  
o f  T ·-lymphocy t es a s  comp a r ed t o  B - l ymphoc y t e s  t o  
respond may be a consequence o£ t he i r  p r o l o n g ed 

hal f - l i fe and g r eater di s t ri b u tion t h r o u g h o u t  t h e  

body . Genera l l y , humo r a l  respo nses t o  p ro t o z o a  

dev e lop when the o rgan i sms i nvade the b l oods t r e a.m 
as i n  ma l a r i a  and t r ypanosomi a s i s , wher eas CMI 
i s  usua l l y  dev e loped i n  t h e  t i s su es as i n  cutaneo u s  

l ei s hmani asis ( Ro i t , 1 9 7 7 ) . 

I n  s ummary , de sp i t e  t he s eemi ng l y  hi g h  

inci dence o £  PFLA i n  t he envi r onmen t ,  mos t p r i m ­

a tes , and p e r h ap s  mo s t  domes t i c  animals , appear 

to b e  ab l e  t o  r e s i s t infec ti on by PFLA . Defenc e 

agai ns t PFLA i s  thoug h t  to be medi a t ed by bo th 

con s t i tu t i v e  and i nduc i bl e  immune s ys t em s  as we l l  
as non - specifi c £ac to rs of imm uni t y .  Such r e s i s ­

tan c e  may occur vi a con t ac t wi t h  the mo r e  preva­
l en t  an t i genica l l y - re l a t ed non - p*hogeni c spec i es 

s ens i tiz i n g  t h e imm une s ys t em .  
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6 . 4  Vi r ulence o :C  PFLA 

6 . 4 . 1  The P r e senc e of Ext r ac el l u l ar Pho spho l ipas Ps i n  

the Supernatan t s  o f  Axeni c Cu l tur es o f  F ree - l i vi�� 

Amebae 

I n  a recen t r eview on lipo lyti c  enzyme s ,  

B ro ckerhoff and Jensen ( 1 9 7 4 )  s t a t ed th a t ph o s ­

pho lipase 2 has proven t o  b e  o f  ub i qu i to u s  
d i s t r i bu tio n  and i s  found i n :  
i )  t h e  venoms o f  s n akes a nd b e e s  
i i ) as diges t i ve en z yme s and 
i i i ) as in t r ac e l l u la r enzymes o c c u r r l ng l n  t h e  

ti s sues of anima l s  o r  i n  m i c ro -o r g an i sm s . 

By and l a r g e , lysopho spho l ipases a r e fo und 
whe r ever th ey are looked f o r . The appearance o f  
bo t h  ph o sphol ipas e 2 and l y s ophospho l ipase i n  t h e  
same c e l l i s  common , as l y s opho s pho l i p a s c  i s  
univers a l l y  di s t r ib u ted i n  the ce l l s o f  animal s ,  

p l an t s  and mi cro - o r g ani sms , wh e r e  i t s  ac ti vi t y  

r eg u l ar l y  exceeds t h a t  o f  pho spho l i pase 2 wh i ch 
supplies t he hi gh l y  l y t i c  l ysopho spho lipi d s ub ­

s t ra t e  ( Brockerhoff & Jen s en ,  1 9 7 4 ) . 

Among s t  t he pro tozo a , phospho lipase 2 h as 

r e c ent ly been repo r t ed i n  T rypano soma c ongo l en s e  

( Ti zard e t  al . , 1 9 77 ) an d pos s i b l y  Ent amo eba 

h i s to lyti c a  ( McCaul e t  al . ,  1 9 7 7 ) . Spe c i fi c a l l y  

wi th fr ee - l i vi ng am eb ae , phosph olipase 2 has 
pr evious l y  b een demons t rated in  bo th pa thogeni c 

and non -pa thogeni c Ac anthamoeba s pp . ( E l s on e t  a l .  

1 9 70 ; Hax et  a l . ,  1 9 74 ; V i c to r i a  & Ko rn , 1 9 7 5 ; 

Vi svesvara & Balamu th , 1 9 75 ) M1 i l s t a fi l t r a te 
f r om pathogenic Naegle r i a  spp . has been repo r t ed 

by Chang ( 1 9 7 1 ; 1 974a & b ;  1 9 76 ) Cursons and 

Brown { 1 976 , 1 9 78 ) and Wong e t  a l . { 1 977 ) . Fu r ­

the rmo r e  Dunnebacke and S ch u s t e r  ( 1977 ) h ave r epo r t ed 
an i n t r ac e l l u l ar c yto toxi c ma terial from Naeg l e r i a 

lysates t e rmed by these wor ke r s  Naeg l er i a  

ass o ci a t ed infec tious mate r i a l  ( NAIM ) . 



1 5 7  

The finding , therefo re , of bo th a pho spho l i ­

pase 2 and lysopho spholipas e 1 n  the supe rnatan t s  

of both  pathog eni c and non -p a t hogenic free - l i v i ng 

amebae , was no t al tog e t he r  unexpected .  Th e p o s ­

sibi li ty of the cy to toxi c fi l t r at e  f rom N aeg l e ri a  

being a pho spho lipase was fi r s t  sugge s ted b y  

Cursons and Brown ( 1 976 , 1 978 ) . Chang ( 1 9 7 6 ) 

i den t i fi ed a pho spho l ipo l y t i c  enzyme o r  fac t o r 
from the same pa t hogenic  N .  fowle r i  s tra. j_ n ; . s ·.L , 

as wel l  as other s t rains , whi ch hydro lyzed 

sphingomyelin to cho l i ne , sphi ngosine and fat t y  

acids . The pres ence of fa t t y acids as a degr a ­

dati o n  product sugges ts a pho spho l ipase 2 ( Tab l e  

XXI ) ,  and s o  may be t h e  s ame enzyme . As regards 

NAIM , a l though t his  i s  an int race l lu l ar l y s a t e , 

i t  shares many prope r t i e s  wi t h  the p ar t i a l l y  
puri fied phospho l ipas e 2 from N .  fowleri ( l'ls T ) , 

Cursons e t  al . ( 1 978c ) . I n t e restin g ly enough , 

freeze - thaw des t r uc t i on o f  packed N .  fowl e r i  

(MsT ) a l s o  releas ed phosp h o l ip ase 2 ac ti vi t y .  

Thus i t  i s  pos sib l e  that th e NAIM also r.1ay po s ­

s es s  pho spholipase 2 ac tivi ty and m us t  war r an t  
fu r th e r  i nvestigat ion . 

I n  s ummar y ,  c e l l - f r ee supe rnatan t s  of axcni ­
cal l y  g rown free - living am ebae , have been shown 

to pos s es s  both phospho lipase 2 and lysophospho l i ­

pase ac tivi ty . 

6 . 4 . 2  P roduc tion of Phosph o lipas e 2 1 11 Axenic Cul t ur es 

of Free- l i ving Amebae 

I n  a r ecent r eview by Glenn ( 1 976 ) , an 

ext rac e l l u lar or exoenzyme was des c ribed as "one 

wh ich exi s t s  in  the medi um around the c e l l , 

having o ri ginated f r om the c e l l  wi thout any 

a l teration to ce l l  s t ruc tu r e  g reater than t h e  

maximum compatib le wi th t h e  c e l l ' s  normal p rocess  

of growth and rep rodu c t i on " . The synth e s i s  of  
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o £  many exoenzyme s i s  i nf luenced b y  c u l tu r a l  

condi ti ons . Spec ifi cal l y  they appear to  b e  

s ub j ec t t o  co n t r o l  by end -p roduc t i nh i bi tion , 

i . e .  the repr e s s i on o£ exop ro tease syn th e si s b y  

ami no acids , or c a t abo l i c  repressio n , e . g .  

syn the s i s o£ t\"-amy lase  i s  r ep r e s s ed by g l uc o s e . 

Some exoenz ymes fo l low t he g r owth cyc le ,  .:m d  

o t he r s , mo r e  c l o s e l y , t he s t a t i ona ry p ha s e  

( Gl enn , 1 9 7 6 ) . 

I t  has been hypo the si zed tha t  i n  e uk a r y o t e s , 

exoenzymes a re synthe si s ed on the ribo somes o£ 

the rough endoplasmic r e t i c u l um ( RER ) f rom 

whence they a r e  t r an s po r t e d  to the c i s t e rnae o£ 

t he smoo th endop l asmi c  r e t i c u l um ( SER ) , e lemen t s  
o £  wh ich ev en tual l y  £ us e  wi th  t h e  go l g i c ompl e x . 

Th ey are fur the r p roce s s ed i n  the go l gi c omp l ex 

and p ackag ed i n  s ec r e to r y  v e s i c l es whi c h  £ u s e  
wi th the p l a sma m embr a ne r e l ea s i ng thei r c on ­

t e n t s  by exocyto s i s . Fu r th e r , t he re i s  a s ub ­
s t an t i al body o£ evidence s uppo r t i n g  t he c o n c e p t  

tha t membrane -bound po lysomes in e uka r y o te c e l ls  

are engaged i n  the syn th e s i s  o£ expo r t ab l e p r o ­

tei ns , whe reas f r ee po l ysomes are ac ti v e i n  t h e 
syn t hesi s o£ non - expo r t abl e  p r o t e i n s  ( G lenn , 

1 97 6 ) . Un like bac t e r i a l  exoenzymes , euka r yo t e  

ones tend to b e  larg e mo lecules contai ning di ­

sulphide b ridges and very frequen t l y  have c a rbo ­

hydrate po r tions . I t  i s  thought that  t he c on ­

tinui n g  addi t i on o £  sugar - uni t s , a s  the p r o tei n 

mo ves t hrough t he vario us o rganel l e s , may o f ten 

be c rucial  in  r ender i ng the enzyme hydrophi l i c  

and r e l ea sing i t  from the  s ec retory vesic le . l t  

appe ar s that t he pho spho lipase 2 p r oduced b y  

Naegl e ria spp . c lo s e l y  fo l lows exponen t i a l  

growth , whe r eas t he pho spho l ipase 2 produced by 

Acan th amoeba spp . i s  ti ed to the s tationary 

phase ( Tc.bles XXI I I  & XXIV )  . Besi des pho spho lipase 

2 ,  a ful l  spec t rum o£ l ysosomal enzymes have been 
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iden t i fi ed i n  N .  fowleri ( Fe ldman , 1 9 7 7 ) an d 

AcanthaMoebae ( M u l l e r , 1 9 6 9 ; Chi l d s , 1 9 73 ; R y t e r 

& Bowe r s , 1 976 ; S tevens e t  al . ,  1 9 7 7b ) . Many 

autho r s have imp l i ca t ed ly sos oma l enzyme s as the 

ext r ac e l l ul ar means b y  whi ch c e l l s ef f e c t di ges ­

tion and/or invasion ( A l l i s o n , 1 9 67 ; G l au e r t 
e t  a l . , 1 9 69 ) . The e n h a n c e d  i n vas i v e  c apac i t y 

of En t amoeba h i s t o ly t i c a  b y  t h e  ex t r ace l l u l a r 
ac t i vi t y  of lysosomal enzymes i l l u s t r a t e s  t h i s 

poi n t  ( Lushbaugh & Mi l l e r , 1 9 7 4 ) . I t  i s  hi g h l y  
like l y  t h a t  the pho spho lipase 2 and l y s o p ho s ­

pho lipase produc ed oy f r ee - li ving aMebae a r e  a l s o 

lysosomal enzymes ; such ' packaging ' pro t e c t i n g 

t he c e l l  from the hydro l y t i c  enz yBes un t i l 

r e l eased by exocy to si s . Al t ho ugh no c l e a r  di f ­
ferences have been found i n  the pro t ei n  c oP.lpo ­
nen ts of  the plasma memb r ane of Ac c:\n t ;1 aMoc b a e  

as a func tion of  c e l l  de n s i t y  ( W i l k i n s  & Thomp son ,  
1 9 74) , an inc rease in l y so l eci t hi n co n t en t of t h e  
memb r ane and a dec r e ase i n  a g g l u t i n a b i l i t y o f  

c e l l s b y  c oncanavalin A h a s  been repo r t ed ( Hax 

et a l . , 1 9 74 ; Spi es e t  a l . , 1 9 7 5 ) . The diff e ­
r ence observed in p h o s  pho l ipas e 2 produc t i o n  

between Nacgleria spp . and A c an t h amoeba spp . 

may be a consequence of a differen t t ran spo r t 

and proces sing m ach i ne r y in  t h e  fo rmer due t o  i t s 

t o t al l ack of g o l gi app a ra t us wh i c h has been 

shown to b e  present in  the l a t ter  ( Las tovi c a , 

1 9 75 ; R y te r  & Bowe r s , 1 9 7 6 ) . 

F e l dman ( 1 977 ) s ugges t s  t h a t  i n s t e ad of t h e 

c las s i c al endoplasmi c r e ti c u l um ( ER ) , to  g o l gi , 

to membr ane -bound packet  scheme , that  l yso somal 

enzymes are synthesi zed on the sys tem of memb r ane ­

associated po lysomes and chann e led via the ER 

t o  a varie t y  of c e l lular l ocations . 

The produc tion of mo r e  phosphol ipase 2 by 
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the pa thogeni c s t rai ns as c ompared t o  the non ­
pa thogenic s t rai n s  ( Tab l e s  XXI I I  & XXI V )  sugg e s t s  

tha t  t he r e lat ive pro duc tion o f  this  enzyme m0.y 

cont ribu te to the vi ru lenc e of the p a thogen s . 

Vi s ves vara and Ba lamu th ( 1 9 7 5 )  demons t r a t ed that  

t he p a thogeni c A.  c u lber t soni ( A - 1 )  p r o -

duc ed compara t i ve ly mo r e  p hosph o l ipase 2 D 1 a n  
t h e  non-pathogen i c  A .  c as t e l l anii ( S i n gh ) . 
Chang ( 1 971 & 1 9 74a ) es t ab l i sh ed t ha t  pri. t ho gc n i c  

Naeg l e r i a  s t rain s  p ro duced a fi l t rate  cy t o t oxi c 

for primary monkey ki dney ( PMK ) cel l s . I n  a 

l a ter paper compar i n g  the v i r u l ence o£ p a tho ­
genic  s t rai ns , Ch ang ( 1 9 76 ) c o rre l a t ed t he ab i ­
l i t y  of t ho s e  s t rains p roducing early  CPE w i t h  
thei r abi l i ty to p r oduce a pho spll o l ipo ly t i c 

fac t o r . Wong e t  al . ( 1 977 ) , in  comparin0 h ig h  

and low vi rul ence s t r ains o £  N .  �owl eri  � l so 

obs e r v ed a simi l a r  phenomenon i n  th a l o n l y  t h e  

high l y  v i rulent s t rains produced a cy to l y t i c  

fi l t r a t e  in P!VIK c e l l s . Simi l a r ly Tab l e  XXI I I  

demon s t r a tes that t h e  non -pat hogenic N .  fowl e r i  
( Ts - 1 ) produced compa r at iv e l y  less pho s -

pho l ipase 2 as comp a r ed wi t h  N .  fo wl e ri s t r a ins 

NsT and NHI , and tha t t h is c o rrela  e d  wi t h  i t s 

low vi r u lence in  V e r a  c e l l cul tur e . 

6 . 4 . 3  P r e l imi nary I so l a tion of Phospho lipase 2 f rom 

Axenic Cul ture s  of N .  fo wl eri (M sT) 
Bec ause N .  fo wl eri ( MsT ) produc ed 

c ompa ratively mor e  pho spho l ipase 2 th an the 

o ther Naeg leri a s trai n s  ( Tab l e  XXI I I ) this 

s t rain was cho sen for enzyme p r oduc tion s t udie s . 

Owi ng to the inhe r en t  vari abi li ties in  agar di f ­

fus i o n  a s s ays , n o  quan ti t a ti on of specific 

ac ti vi ty  cou ld b e  de termi ned . Tab le XXV shows 

the i nhibi tory effec t of di ffe ren t co ncen tra tions 

o f  pro tei n samp l e s  and demons t rates why spe ci fi c  

ac tivi t y  was no t de t e rmi n ed ,  i . e .  dil u t e  pro t ein 

s amp les  r e adi l y  diffus e  t hrough the agar 
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p roduc ing a r e l a t i ve l y  l ar g e  zone wh e r e as mo r e  

concen t r a ted pro tein samp l e s  we re inhi bi ted and 

con sequen tly produce sma l l e r  zones . Habcmann 

and Hardt ( 1972 ) upon who se me thod the a s s ay i s  

based , a l s o  found a dos e - r e l a tionship r esponse , 

i n  th at r eproducibi l i ty  was only co nsis ten t ove r 
a limi ted r ange o f  p r o tein concen t rations . 

Al though the assay i s  no t quan ti t ati v e i n  i t s p r e ­

s en t  fo rm i t  i s  s ti l l  u s e fu l  fo r a c omp,-,. r zt t i vc 
asses sment of pho spho l ipase ac tivi ty . PAGE how­

ever revealed enzyme pur i £ i c ation as j u dg ed by 

vi sualiz a tion of two pro tei n bands whi c h  di s ­

p l ayed charac t e ri s t ic pho spho lipas e 2 and lyse ­

phospho lipas e ac t i vi t y .  An t i se rum r ai s <? d agai n s t  

these p r o t eins di sp l ayed o n l y  two prec i pi t i n  l i nes 

in  gel -di ffusion p l a t es as would be e xpe c t e d  i f  

only two p r o teins c onsti t u t ed the an tigenic d o s e . 
Thi s speci fic ant i s e rum a l s o c omp l e t e l y  i nhi bi Led 
the c l earing of EY agar  by t h e  ph o spho l ip21. s c  2 

p r es en t  i n  the c e l l - f r ee fi l t r a te f r om axen i c  

c u l t u r e s  of N .  fow l e ri ( M sT ) . Thi s i nhibi t i o n  was 

thought to be the resul t of neu tr a l i z a t i o n  of t h e  
phospho l ipase 2 enz�1e b y  the anti serum ,  by com ­

bining wi th the enzyr.1e 1 s an t i g enic de t e rm i n an t s , 

and thu s p rohibi ting the enz yme f r om combining 

wi th the ac tive s i tes o f  i t s pho spholip i d  s ub ­

s t r ates . 

6 A . 4  V i rulence o f  Amebae and Cel l - f ree Axenic Fi l t r a t e s  

1n V e ro C e l l  C u l t ur e 

Th e fo rma tio n o f  CPE i n  c e l l  cul ture , a s  an 

indi cato r o f  pa thogenici ty o f  PFLA , depends upon 

a numbe r  of va ryi ng f ac to r s  s uch as vi r u l enc e of 

the amebae , the conc en t r ation and age of the 

i no c u lum and the s us c ept ibi l i ty of the c e l l  type . 

The resul t s  in Tab le s  XXVI & XXVI I show tha t the 

patho genic s t rains ( MsT , NHI & A - 1 )  exh ibi t ed 

g r eater  vi r ulence towards Vero c e l l  cul ture7 as 
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compared to the non -pathog eni c s t rai n s ,  b y  p r o -
duc ing no t only ear l i er CPE a t  an cquiva 1 cn t  i n o ­

c u l a  of amebae , b ut a l so CPE a t  muc ! 1  l owe r i no c u l a . 
Exami n a t ion of mono laye r s  i nfec t ed wi t h  ei t he r  N .  

fowleri ( MsT ) or A .  culbe r t soni ( A - 1 ) ,  h as revea l ed 

a c lose associ a t i on be tween t he Vera c e l l s  and 

amebae wi th the t r ophozoi tes s ur r ounded b y  a c l e � r  
halo , as we l l  as extensive l i p o l y s i s  ( P l a tes 4 1  - 43 ) . 

The vi r u l enc e of these  pa t hogen i c  s t rains w a s  
al so as so c i a ted wi th the i r  abi li t y  to p r o d u c e  

comparat i ve ly mo r e  pho spho lipase 2 l n  t he i r  a :-;:c n i c  

s upernatan t s , a s  compared t o  t h e  n o n - p a t h o g en i c 

s tr ai n s  i n  each genus exami ned ( Tab les XXI I I  & XXI V ) . 

Fur the rmo r e  i t  was s h own tha t c e l l - f r ee f i l t r a t e s  

from ei ther patho geni c or no n - p a th og en i c  axe ni c  

c u l t ures were cytopa thi c towar ds V e r a  c e l l  c ul tu r e , 

dependi ng upon the r e  l a  ti ve c onc en t ra tion o J� pho s ­

pho l ipase 2 pr esent i n  the fi l t r a t c  ( T .::tb l e  XA.'V I  I I ) .  

The se r es u l ts  s ugges t a c lo s e  r e l a t i ons h i p  b e t w e e n  

t he observed vi r ulence of f ree - living amebae 

towards ce l l  cu l t ures and the r e l a ti ve p r o du c t i o n  

o f  phospho l ipase 2 .  Thi s c l os e  r e lati onship i s  

further suppo r ted by : 

i )  the demons t r ati ons t h a t  s upp l emeni. a tion o f  t h e  

f l u i d  o f  N .  fowl eri ( T s - 1 ) inocu la ted c e l l  c u l ­

t u r e s  wi t h  non - cyto toxic amo u n t s  of t he ce l l ­

free fi l t r ate from axeni c  cul t u res of N .  fow l e ri 

( MsT ) , resu l ted i n  t he fo rma tion of  CPE i n  a 
time comparab le to the pathogeni c N .  fowleri  

s t rain s  ( Tabl e  XXIX )  and 

i i ) that diffe r ent concen t r a tions of t he specific 

an ti -phospho lipas e 2 and l ysophospho lipase s e r um 

both i nhibi ted and de layed the forma tion of  C PE 

by N .  fowleri ( MsT ) ( Tab l e  XXX ) ,  presumab l y  b y  

' neu t rali z ing ' the membr ane - ac ti ve pho spho l ipase 

2 .  Th i s  ' neut r a lizati on ' of  the fo rma tion of  

CPE by N .  fowleri  s t r ai n s  par allels  the i r  vi r u ­

lence and r e lative p r oduc tion of pho sphol i pas e 2 ,  

i . e .  t ho se vi r u len t  s t rai n s  producing mo r e  pho s ­

pho iipase 2 wer e the leas t i nhibi ted b y  the 
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6 . 4 . 5  The Signifi cance of Phospho l ipase 2 P r oduc tion 

and i t s Relationship to the Pa thogeni ci ty of 
PFLJ\ 

1 63 

Vi r u l ence , o r  t he capaci t y  of a gi ven 

pathogen to produ c e  di seas e , is dependen t upon 

many fea tu res of an o rgan i sm , i nc l udi ng i t s 

invasi venes s ,  i t s  abi l i ty to s ur v i ve and rep ro ­

duce i n  the face of the h o s t ' s  defen c e  mech a ­

ni sms and i ts pro duc tion of toxins an tagoni s t i c  

to the ho s t . The po s s e s s i o n  of highly l y ti c 

enzymes capab l e  of di s rup t i ng biolog i c a l  mem ­
b r anes wou l d  thus enhanc e the  i nvasi veness , and 

hence pathogenic po ten ti a l , o f  a mic ro -o r gani sm . 

Expe rimen t a lly , pho spho lipase 2 from snake venom 

has been s hown to hydro lyze mye lin in vi t ro 

( Banik e t  al . , 1 9 76 ) , whi l s t  lysophospho l ipids , 

the i n t e rmedi a te produc t of phospho lipase 2 

reac tions , have been s hown t o  be powe rfu l c y t o ­

toxi c  sub s t anc es producing i n  tense infLunma ti o n  

( Phi l lips e t  al . , 1 9 65 ) . Spec i fica l l y ,  t he f r ee 

fat t y  aci ds produced by th e pho spho lipase 2 o f  

T .  congo len�� ( Ti zard e t  a l . ,  1 977 ) have been 

r epo r t ed to : 

i )  lyse washed sheep eryt hrocytes  and ki l l  mo u s e  

peri toneal mac rophages and lympho cytes 

ii ) supp r e s s  T-cel l immuni t y  

iii ) des t ro y  vas c ul ar endo the l i um and 

iv ) p ro voke a myo cardi ti s .  

Finally t he le thali ty of man y  venoms ( snake , bee , 

sco rpion ) i s  also due to th e p resence of pho sph o l i ­

pas e 2 .  

Examination of s ec ti on s  o f  brain i nfec ted 

wi t h  PFLA has r evealed a c l o s e ass oci ation be ­

tween the hos t ti ssue and amebae . Areas of 

extensive demye lination wi th the t ropho zoi tes  
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sur rounded by a c l ear halo a r e  al s o  s een 

( Mar tinez e t  a l . ,  1 9 75 ; Ch ang , 1 97 6 ; Mai t ra 

e t  a l . ,  1 9 7 6 ) . This has led many autho rs  to 

specul a t e  on the po s s ibi li ty t h a t  ei ther  s ec r e t i o n  

o f  cy t o l yti c enzymes , phagocytosi s o f t h e  h o s t 

cel l ,  or  a combina tion of both are r e sp o n si b l e  

for t h e  patho lo g i c a l  lesions ( Chang , 1 9 7 4a , 1 9 7 6 ; 

Visvesv a r a  & Cal l away , 1 9 74 ; V i svesvara  & 

Balamuth , 1 9 7 5 ; Cursons & B r own ,  1 9 7 6 , 1 978 ; 

Mai t ra e t  al . ,  1 9 76 ) . Mai tra  e t  a l . ( 1 9 76 ) a l s o  

r epor ted t h a t , wher eas A .  cul b e r t so n i  h a d  been 
shown to fo rm o n l y  pinocytic c h anne ls  i n  b r ai n  
tissue , bo th  phago cytosis and pino cytosis  of ho s t  

tissue b y  N .  fowl e r i  had b een obser ved . 

The c lo s e  r e lat ionship be tween the re l a t i ve pro ­

duc tion o:f pho spho lipase 2 wi th t he obser ved vi r u ­

lence of f r ee - li ving amebae towards c e l l  c u l tures  

sugges ts that  t hi s  ext r ace l l u l a r  enzyme i s  impo r t an t 

in  the pathogeni ci ty of these o r g anisms . I t  i s  l i k e l y  

t h a t  t he s e c r etion of such a n  enzyme cons ti t utes t he 

ini ti al  s teps whereby ho s t  ti s s ue i s  prepared fo r 

endocy t osi s by t hese amebae . Hi gh l ev e l s o .f a r.lem ­

brane- lyti c exoenzyme , s uch as phosphol ipas e 2 ,  may 

wel l  be an e s s en t i a l  fac to r  fo r the br e akdown o£ 

ho s t  tis s ue £or pinocy to s i s  by vi ru len t Ac an thamoeba 

spp . , and is like ly to enhance ph a .gocy to sis  o£ h o s t  

ti ssue b y  virulen t  N .  £o wl e ri . V i s v e s va r a  and 

Balamuth ( 1 975 ) showed t ha t  the g reater  cy topa tho ­

geni ci ty o£ A .  c ulber tsoni , as compared to A .  
castel lanii ,  was dependent on t he fo rmer ' s  abi l i t y to 

p r oduce compar atively mo re pho spho lipase 2 ,  as  was 

also  fo und wi th the p a th ogeni c and non-pa tho geni c 

Acan thamoebae examined in t hi s  s tudy . I n  a comp a r a t i v e  

s tudy o f  di fferent  geo g r aph i c a l  s t r ains o f  N .  fowl e ri , 

Chang ( 1 9 76 ) cor r e l a ted the abi l i t y o£ s t rains whi ch 

produced ear ly CPE and rapid cel l de s t r uc tion wi th  

thei r abi l i t y  bo t h  to degrade sph i ngomye lin and to 

cause seve r e  pathological changes i n  the whi te 

mat ter of i nfec ted b r ai ns . Final l y  Wong et  al . ( 1 977 ) 



1 65 
repo r ted that the pathogeni c N .  £owl e ri 

s t r ains  HB - 1  and C - 66 l o s t  thei r o ri ginal 

vi rul ence and thi s was as socia ted wi th a d e l ay 

i n  t h e  formation o £  CPE i n  cel l c u l t u re , no t 

only when ameb ae wer e  added to c e l l c u l t u r e s , 

but a l so by c e l l - f ree f i l t r a tes  f r om axeni c cul -

tur e s . Resto r ati on o£ t he o ri ginal vi r u lenc e ,  

accomp l i shed by passagi ng i n  mi ce , also r es u l ted 

in i nc r eased forma ti on o£ CPE no t on l y  by ameb ae , 
but a l s o  by the £i l t r at e s . 

I n  addi t i on to th e abi l i ty to p r o d uc e a pho s ­
pho lipase 2 ,  o ther £ac to r s  must  a l so be i nvol ved 

in patho genici ty , s i n ce non -pa tho gc::m s we r e  a l s o  
shown to  produce the enzyme . Obvi ous l y  the 

abi li ty to to l er a t e  and r ep roduce at 37
°

C i s  

impo r t ant . I n  this  con text Mc l n tosh and Chang 

( 1 9 7 1 ) no ted t ha t  3 Ac an t h amo eba s t r ains  wh ich 
0 were non - l ethal £or  chi ck embryos at 3 7  C wer e 

subs equen t ly l e thal when the t empe r a t u r e  o£ 

i nc ub a tion was dropped to 3 3°C . Thus b e c a u s e  
of t he mul tifac t o r i a l  nature o£ pathogen ic i t y  

any l ack i n  the f u l l  complemen t a tion o £  p a t ho ­

genic  charac te ri s t ic s  wi l l  resul t in con s i de r ab l e  

at tenua tion o£  the s t r a i n  concerned . I n  th i s  

con t ex t  the non -pa t hogeni c N .  £owl eri s t rains may 

r ep r e s ent  pho spho lipas e -defi cient mu t an ts , wh ich , 

becaus e o£  thi s  defi c i t a r e  r el a tive l y  a v i r u l en t .  



APPENDICES 

Appendix 1 .  I s ola ti on o£ Amebae and r el at ed En v i ro nm e n t a l  D a t a  f rom se lec ted No r th I s l and The rma l  

Poo l s  in 1 9 7 6 . 

1 9 76 Wai nga ro Spr ings 

Amebae 
Non -

Date Source patho -
gens 

1 2/ 1  water  + 

24/5 " -

1 4/6 " -

20/7 ! I  + 

16/8 I !  -

13/9 I !  -

8 / 1 1 I !  -

-- L_ _______ - -----��-

+ = posi t i ve i s ol ati on 

= no i so l a ti on 

ND = N o t  Done 

Path o -
gens 

-

-

-

-

-

-

-

-----��-- ---

Tot al To tal 
Co l i - Bacteria 
£orms _ 3  . 1 . 0 cm - 3 

a t  37 °C , 100 cm 

ND 1\TD 

I f  I f  

I !  ! I  

I f  I !  

I !  I !  

22 56 

l'ID ]\ID 

Max . Mi n .  Soi l Rai n p r i o r  Tp pH oc Tp Tp 30 cm . to 7 days oc oc Tp0c of samp l i ng 

9 . 2  46 23 . 6  20 . 0  2 3 . 7  47 . 0  mm 

9 . 0 3 9  1 6 . 0  -0 . 7  1 2 . 7  7 . 9  mm 

8 . 9 3 9  1 0 . 5  - 2 . 4 1 1 . 5  27 . 5 IT'J!l 

9 . 0  39 1 3 . 4  2 . 7  1 1 . 2  3 1 . 1  mm 

8 . 8 39 1 6 . 5  9 . 4  1 3 . 6  179 . 8  mm 

8 . 8 39 1 4 . 9 9 . 0  13 . 1 1 8 5 . 7  mm 

1\TD ND 1 7 . 0  6 . 9  1 8 . 2  58 . 8  mm 
--'---------------- -----

I I 

f---1 
0' 
0'· 



1 9 76 Moan a - i ti Spri ngs 

Amebae 
Non -

D a t e  So ur ce patho - Pa tho -
gens gens 

N .  
1 2/ 1 water + £owleri  

1 6 / 2  " + -

24/5 " + -

14/6 " + N .  
£owleri  

20/7 " + -
I 

16/8 " + -

1 3/9 1 1  + -

1 1 / 1 0  " + N . 
£owl e r i  

8 / 1 1  " + -
I 

6/ 1 2 " + -
! 

+ = posi t ive i s o l a t i on 

- no i so l a ti on 

To t a l  To t a l  
Coli - Bac ter�3  
£o nus - 3 . 1 . 0  cm 

. 10 0  cm a t  3 7  
°C 

ND ND 

" " 

" " 

1 1  1 1  

" 1 1  

" " 

3 200 

" 1 1  

" " 

" 1 1  

l\lu = No t Done 

Max . l\I i n .  T pH oP Tp Tp c oc oc 

! 
6 . 8  39 I 2 3 . 6  20 . 0 

7 . 4 34 23 . 1 10 . 1  

7 . 8  3 2  1 6 . 0  -0 . 7  

7 . 6  30 10 . 5  - 2 . 4  

7 . 1  3 9  1 3 . 4  2 . 7 

7 . 5  33 1 6 . 5  I 9 . 4  

7 . 6 3 1  1 4 . 9  9 . 0 

7 . 6 3 3  22 � 1  1 1 . 9 

7 . 2  33 1 7 . 0  1 6 . 9  

7 . 4  I 3 2  2 6 . 4  I 1 1 . 5  
I I 

Soi l 
30 cm . 
Tp°C 

23 . 7  

22 . 7  
I 

1 2 . 7  

I 1 1 . 5  

I I 
1 1 . 2  I 
1 3 . 6  I 
1 3 . 1 I 
1 7 . 3  I 

I 
: 8 . 2 

2 2 . 2 I 
I 

Rai n pri o r  
t o  7 days 

of s a.rn.p l i ng 

47 . 0  mm 

2 . 9  mm 

7 . 9  I!ll1l 

2 7 . 5  mm 

3 1 . 1 I!ll1l 

1 79 . 8 I!ll1l 

185 . 7  mm 

1 9 . 9 mm 

58 . 8  mm 

1 9 . 6  I!ll1l 

I 

I 

I-' 
0'· 
-.._ ) 



1 9 76 Opal Spr ings 

Am ebae i 
Non - I 

i Date Source pa tho - p a tho-
g e n s  g e n s  

1 2/ 1  wa t e r  - -
N .  I 16/2 " + 
f o wl e r i  

24/5 " + 

14/6 " -
20/7 1 1  -
1 6 / 8  " + 

13/9 " + 

1 1 / 10 " + 

8 / 1 1  " -
6/1 2 1 1  -
+ = po s i t i ve i s o la t i o n  

= no i s o l a t i o n  

I I I 

N .  
f o wl e r i  

A .  po l y-
J2haSla 

-
-

I 
I 

A .  :eo l� -
:ehaga 

N .  
f ow l e r i  I I -

I - i 

To t a l  To t a l  
C o l i - B ac t e r i a  
£o rm s _ 3 

. 100 cm 

1 . 1 . o C£r3 
a t  3 7  C 

ND ! ND I I 

i " I " 
I " " 

1 1  " 
" " 

I " " I 
! 

3 5  I u n c o un t -
ab le 

I " i " 
I i " i 1 1  ; I 
I 

1 1  1 1  

�m = No t D o n e  

I i ' ' 
M ax . I I I T I 

pH o P Tp c oc I 
I 6 . 8 3 9  23 . 6 
i 

! 
I 6 . 8 40 23 . 1  

I 6 . 8  40 1 6 . 0  

1 6 . 8  39 1 0 . 5  

1 7 . 0  I 39 1 3 . 4 

i i 4 1  ] 6 .  5 I 7 . 0 
I I 
l l 

I 7 . 6 1 3 3  14 . 9  
I 

i i I 7 . 6  I 33 22 . 1  ! ' I I 
I I 1 7 . 0 i 

40 : 6 . 8 ' 
! i I 

7 . 4  3 9  i 2 6 . 4 1 
I 

I 

M i n .  ! Soi l 
Tp I 30 cm . oc Tp

°
C 

I 
20 . 0  1 23 . 7  

i 
1 0 . 1  22 . 7  

-0 . 7 1 1 2 . 7  

I 
- 2 . 4  1-1 . 5 

2 . 7
, 

1 1. 2 

9 . 4 ! 1 3 . 6  
I 

9 . 0 I 1 3 . 1  
I ; 
I 1 1 . 9  I 1 7 . 3  
I 

6 .  9 :  1 8 . 2  

1 1 . 5 : 22 . 2  

l I R a i n  p r i o r  
t o  7 day s 

o f  s amp l i n g  

47 . 0  :Jli!l ' 
2 . 9  I!li!l 
7 . 9 m:m 

27 . 5  mm 

3 1 . 1  mm 

i 1 7 9 . 8  mm I 

I 1 8 5 . 7 r.J.m 

1 9 . 9  I!li!l 

5 8 . 8  P.lm 
I 
I 

1 9 . 6  mr.J. 

f 

I 

I 

I ' 
I 
I I 
I 

f-' 
(j\ CO 



1 9 7 6  Oko r o i r e  Spr ings 

Amebae 

D a t e  Source Non-
pa tho - p a tho -

g e n s  g e n s  

1 2/ 1  water + N .  
£owl e ri 

1 6 /2 1 1  + N .  
£owle r i  

24/5 " + A .  po l�- r 
ph a� a 

14/6 1 1  + 

20/7 1 1  + 

1 6/8 I f  + 
I 

1 3 /9 I f  + 

1 1 / 1 0  I f  -

8 / 1 1  I f  -

6 / 1 2  I " i + 
: ; 

+ = po s i t i ve i s o l a t i o n  

negati ve i so l a t i o n  

-

-

-

-

-

- I 
I I ! -

I 1 Tota l 

co li -
fo rms 

- oo - 3  ,.L cm 

l\TD 

" 

I f  

I f  

1 1  

I f  

1 1  

l\'D 

I f  

1 1  

i I 

I I 

I 

I 

I I 
I 
I 
I I 
I I 

To t a l  
B ac t e r i a  

,1 . 0 CP.l - 3 
a t  3 7  °C 

ND 

1 1  

I f  

I f  

I f  

I f  

500 

ND 

I f  

I f  

�,l >  = No t D one 

T M ax .  
pH oP T c oP 

c 

I I 6 .  8 
I 

4 2 23 . 6  

6 . 8  36 2 3 . 1  
I 

6 . 8 3 4  1 6 . 0  

I 7 .  2 3 5  10 . 5 
I l 7 . 2 36 1 3 . 4  

I 7 . o  I 1 6 . s  I 3 6  
I I 
1 6 . 8  3 7  1 4 . 9 
' ' 

i I 
1 7 • 2 I 36 I 22 . 1 
I I i 7 .  4 I J L} I 

1 7 . 0 I 
i 6 .  9 : 3 5 . 5  2 6 . 4 

f'v1i n .  Soi l 
Tp 30 cm . o�""' Tp°C '-' 

20 . 0  2 3 . 7 
--

1 0 . 1 22 . 7  

- 0 . 7  1 2 . 7  

- 2 . 4  1 1 . 5  

2 . 7  1 1 . 2 

9 . 4 I 1 3 . 6  

0 . o  I 1 3 . 1  I 
1 1 . 9  1 7 . 3 

6 . 9  I 1 8 . 2 i 
! 

1_ 1 .  5 22 . 2  I 

R ai n  p ri o r  
to 7 day s 

of s aP.lp ling 

4 7 .  0 f!1m 

£ . 9  l!lffi 

7 . 9  mm 

2 7 . 5  I!1I!1 

3 1 . 1 I!1I!1 

1 79 . 8  mm 

1 8 5 . 7  P.li!1 

I 1 9  • 9 !!'.m 

I 5 G . e  mm 

I 1 9 . 6  P.li!1 
! 

I 

f-' 
c 
v 



1 9 76 Soda Spr i ngs 

Amebae 
Non -

Date S o u r c e  patho - pa tho -
gens g e n s  

9/3 water + N .  
fowl eri 

1 /6 1 1  + -

29/6 1 1  - -

27/7 1 1  - -

24/8 " + -

2 1/9 " + -

1 9 / 10 " + -

1 5 / 1 1  " + -

1 6 / 1 2  " + -
L__ --·-------- -

+ = po s i t i ve i s o l a t i o n  

ND = 

no i s o la t i o n  

No t Done 

To t a l  
C o l i -
f o rm s  

. 100 cm - 3 

ND 

" 

f l  

280 

90 

ND 

35 

ND 
1 1  

I 
I 

j To t a l  
M ax .  B a c t e r i a  Tp 

. 1 . 0 cm - 3 pH o
c 

Tp 

a t  3 7  °C 
o

c 

ND 6 . 0  28 . 3  1 9 . 3  

1 1  6 . 0  3 7  1 5 . 5  

" 5 . 8  36 1 2 . 7  

1 1  6 . 0  3 7  1 0 . 6  

1 1  5 . 8 3 6  1 4 . 0  

1 1  6 . 0  3 6 . 5  1 4 . 5  

" 6 . 0  3 7  18 . 2 

f l  5 . 8  3 5  J 8 .  1 
f l  

5 .  8 I 3 7  2 3 . 5  

M i n . Soi l 
Tp 30 cm . 
o

c Tp
°

C 

1 5 . 0  ND 

7 . 5  1 1  

7 . 3  f l  

0 . 9  1 1  

4 . 7 f l  

2 . 1  I 1 1  

9 . 4  f l  

3 . 5  I I !  

1 2 . 0  I f  

R a i n p r i o r  
t o  7 days 

o f  s amp li ng 

0 . 7  mm 

10 . 7  mm 

0 . 4  mm 

1 . 4  mm 

ND 

0 . 7  mm 

65 . 8  mm 

1 3 . 0  mm 

1 1 . 7  mm 

!-' 
'-.} 
0 



1 9 7 6  Bu t ch e r ' s  Poo l  

AI!lebae 
Non -

Date Source pat ho - P a tho -
gens gens 

9 / 3  wat e r  + -

1 /6 " - -

29/6 1 1  + -

27/7 1 1  - -

24/8 1 1  + -

2 1'/9 1 1  - -

1 9 /10  1 1  - -

1 5 / 1 1 " + -
--� 

+ = posi t i v e i so la t ion 

no  i so l a tion 

ND = Not Don e 

To t a l  
Co l i -
form s _ 3 

.100 ern 

ND 

1 1  

1 1  

-

ND 

" 

" 

1 1  

To t a l  Max . B ac t er ��  Tp pH oc Tp .1 . 0 ern oc a t  3 f'OC 

ND 7 . 5  i 3 5 1 9 . 3  

" 7 . 5 4 1  1 5 . 5  

1 1  7 . 5  35 1 2 . 7  

1 1  7 . 5  35  10 . 6  

1 1  7 . 5  35 14 . 0 

" 8 . 0 35 1 4 . 5 

1 1  7 . 5  35 1 8 . 2 

1 1  7 . 5 35 1 8 . 1 

� ----------

fvii n .  Soi l 
Tp 30 cm . o

c Tp°C 

1 5  ND 

7 . 5  1 1  

7 . 3  " 

0 . 9  1 1  

4 . 7  1 1  

2 . 1 1 1  

9 . 4  " 

3 . 5  " 

R a i n  p r i o r  
to 7 days 

o f  1 . s arnp_lng 

0 . 7  mm 

1 0 . 7  P.1I'l 

20 . 3  P.1I'l 

1 . 4 mm 

ND 

0 . 7  I'lf!l 

65 . e  nn 

1 3 . 0  I'll'l 

,..... 
'-.) 
,..... 



1 9 7 6  O t lUUah eke S t r eam : 1 / 2  wa ter 

A.m.ebae 

Date S o urce 
( Water ) 

9/3 Mouth 
Upp er 

3 1 /5 Mouth 
Upper 

29/6 Mou th 
Upper  

2 7 / 7  Mo uth 
Upp er 

2 1/9 Mou t h  
Upper 

1 8 / 1 0  Mou t h  
Upper 

1 5 / 1 1  M o u t h  

Upper 

1 3 / 1 2  M o u t h  
Upp er 

----

Non-
P atho -

g en s  

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 
- - ....J-

+ = po s i t i v e  i s o l a t i on 

- - nega t i ve i s o l a t i on 

P a t ho -
gens 

N .  £owl eri 
N .  £owleri 

N .  £owl eri 
N . £owl e r i  

N . £owl eri  
N .  £owleri 

N . £owleri 
N . £owleri 

-
N .  £owl eri  

N . £owl eri  
-

-
A .  EO l�-

Eha�a 

N .  £owl e ri 
-

-----

r 
To t a l  To t a l  
C o l i - B ac t e ria 
£oms _3 

. 1 . 0 cm- 3 pH 

a t  37 
°

C . 100 cm 

I'm ND ND 
" " " 

" 1 1  7 . 5  
" " 7 . 4  

" " 7 . 4 
" " 7 . 4  

8 70 " I\TD 
1 2  " ND 

" " 7 . 7  
" " 7 . 6 5 

" 1 1  7 . 35 
" 1 1  7 . 32 

" " 7 . 65 
I " " 7 . 50 I 

" , ,  7 . 2 5 
1 1  1 1  7 . G  

-- --------�------ ---- -
-· ·- ---- ------

ND = No t D o n e  

-

Max . Mi n .  Tp oc Tp Tp oc oc 

45 1 9 . 6  1 5 . 0  
1 8  ND ND 

2 1  1 3 . 4  9 . 4 
1 5  ND ND 

3 1  1 2 . 1  3 . 7  
1 5  ND ND 

20 1 1 . 6  0 . 6  
1 3  ND ND 

20 1 5 . 4  - 1 . 4 
1 4  ND ND 

2 2  1 6 . 5  1 0 . 4 
20 ND ND 

2 6  1 5 . 7  5 . 9 

1 7 . 5  ND ND 

�3 2 3 . 3  9 . 3 
2 1  ND I\TD 

Soi l 
30 cm . 

Tp°C 

1 9 . 4  
ND 

9 . 9  
ND 

7 . 1  
ND 

6 . 9  
ND 

9 . 9  
ND 

13 . 5  
ND 

1 3 . 6  
I\TD 

1 7 . 6  
1\'D 

----

I 

R ai n  prio r 
t o  7 days 

o f  s amp li ng 

I 
0 . 7  mm 

1 9 . 9  mm 

1 7 . 7  nn 

0 . 8  nn 

0 . 5  mm 

59 . 2 nn 

4 . 3  mm 

44 . 3  mm 

----

,..... 
---.) 
(\) 



1 9 7 6  Te P ui a  Spri ngs 

Amebae 
Non -

Date Source patho-
gens 

2/2 wat e r  -

9/6 " -

Acantha 
6/7 " moeba 

sp . 

3 1 /7 " -

1 / 9  1 1  -

27/9 " -

1 9 / 10 1 1  + 

22/ 1 1  " + 

21/ 1 2  " -

+ = pos i t ive i s o l a t i on 

- - ne gat ive i s o lat ion 

ND = No t Done 

patho -
gens 

-

-

-

-

-

-

-

-

-

To tal  To tal  
Co l i - Bac teria 
fo rms .1 . 0  cm - 3 

cm-3  a t  3 7  °C . 100 

ND l\TD 
" " 

1 1  " 

ni l 2 x 1 04 

ni l 5 . 6x 10 2 

50 1 x 1 0 2 

ni l 1 . 1 x 1 0  4 

ni l 4 . 8x 1 0  
2 

ni l 2 . 5x l 0  2 

M ax . !Yli n .  Tp pH oc 
Tp Tp 
oc oc 

ND ND ND ND 

7 . 6 28 . 9  13 . 1  6 . 2  

7 . 6  27 . 8  1 1 . 5  - 1 . 3  

7 . 6  2 7 . 0  1 3 . 4  5 . 5  

7 . 7  2 6 . 7 9 . 5  6 . 0 

7 . 6  28 10 . 1  8 . 4  

7 . 6 35 1 8 . 4  9 . 7  

7 . 6  35  1 8 . 0 1 2 . 6  

7 . 1 5 3 5  1 5 . 0  1 2 . 4  
-- -

Soi l 
30 cm . 
Tp°C 

ND 

" 

" 

" 

1 1  

" 

1 1  

1 1  

" 

Rain p r i o r  
to  7 days 

of samp l i n g  

ND 

5 . 44 mm 

24 . 9  mm 

3 . 0  mm 

3 3 . 7  mm 

1 43 . 1 mm 

7 9 . 9  mm 

33 . 7  mm 

3 0 . 6  mm 

I-' 
----J 
1.-J 



Date 

2/2 

9/6  

6/7 

3 1 /7 

1 /9 

27/9 

26/10 

22/ 1 1 

2 1 / 1 2  

1 9 7 6  Mo r e r e  Spr ings 

Source 

water 

, ,  

" 

" 

" 

" 

" 

" 

" 

Amebae 
No n-

patho - I P a tho -
gens 

+ 

+ 

Ac antha­
moeba 

sp . 

+ 

gens 

Acantha­
moeba 

sp . 

+ = posi t i ve i s o la t i o n  

n o  i s o lation 

To tal  
Co li ­
£o rms

_3 .lOO CI!l 

ND 

" 

" 

" 

3 

7 . 3  

To t a l  
Ba.c t e r i a  

. 1 . 0 cm - 3 

a t  3 7 °C 

ND 

" 

" 

1 1  

38 

2 . 5x102 

3 1 . 96xl0 

2 . 4 x l 03 
unc o un -1 t ab l �  

ND = No t Done 

pH 

N D  

7 . 1 

7 . 3  

Tp 
oC 

Max . 
Tp 
oc 

ND I ND 

3 6 . 7 1 1 3 . 1 

3 6 . 6  1 1 1 . 5  

7 . 2  I 38 1 1 3 . 4  

7 • 2 I 48 . 9 I 9 • 5 

7 .  1 I 43 I 1 0 . 1 

7 . 1 I 40 1 1 2  • 8 

7 . 1 1 42 . 8 1 18 . 0 

6 . 7 41 . 1  1 5 . 0  

f'vli n .  
Tp 
oc 

ND 

6 . 2  

- 1 . 3  

5 . 5  

6 . 0 

8 . 4  

8 t1. . . 

1 2 . 6  

1 2 . 4  

Soi l 
30 cm . 
Tp

°
C 

ND 

1 1  

1 1  

" 

" 

1 1  

" 

" 

" 

Rai n  p r i o r  
t o  7 day s 

of s ar.1p li ng 

I\1) 

5 . 4  nn 

24 . 9  mm 

3 . 0  mm 

3 3 . 7  mm 

1 43 . 1  MID 

79 . 9  mm 

3 3 . 7  mm 

30 . 6  mm 

f-' 
---1 
.� 



Appendix 2 .  I so l ation o f  Arl e b a c  .Lrom Wa t e r  and S o i l i n  1 0 7 7 .  
1 9 7 7  Mo ana - i ti Spr i nus 

Amebae To t a l  T o t a l  
Coli - B a c t e r i a 

D a t e  So u r c e No n - f o rm s  1 .  o cr:r 3 pH 
- 3 - 1  

patho - P a th o - . l OOcm _ 1 
o r . 1 . 0  g 

gens gens o r , l . O  g a t  37CC 

7/3 Wa t e r  + - ni l uc ND 
Soi l  + - ND ND ND 

2 3 / 3  W a t e r  + - I\TD 5 I\TD ND 
Soi l + - ) 1 .  6 1 x 10 ND ND 

5 4/4 Wa t e r  + - ) 1 .  6 1 x 1 0  t1 uc 7 . 0  
Soi l + - 3 . 8 x 1 o · ND ND 

1 8 /4 Wa t er - - ni l L1. 8 7 . 4  

> 1 08 
Soi l - - 5 . 1 6x 1 0  · ND 

2 / 5  Wa t e r  + - ni l 4 uc 7 . 5  
6 Soi l + - 4 . 7x 10 1 . 1 1 x 1 0  ND 

1 7 / 5  W a t er - - 1 4 uc 7 . 5  
6 

Soi l + - 4 . 8x 1 0  1 . 4x 1 0  I\TD 

3 0 / 5  Wa t er + - I�TI 
3 

ND ND 
4 

Soi l + - 5 . 2x 1 0  1 . 2 2 x 1 0  ND 

2 1 /6 Wa t e r  - - n i l 5 ni l 
6 6 . 8  

S o i l + - 2 . 3 5 x 1 0  2 . 1 6 x 1 0  ND 
------

Tp M ax . Mi n .  
T Tp oc oP o

c c 

ND 2 6 . 5  1 4 . 1  
ND l''lD ND 

ND 2 4 . 6  1 6 . 2  
ND ND ND 

24 2 1 . 7  8 . 4  
ND ND ND 

3 4  20 . 2  1 4 . 0  
ND ND ND 

3 3  1 5 . 0  1 1 . 8  

ND ND ND 

3 4  1 3 . 9  8 . 3  
ND ND ND 

ND 1 4 . 6  1 1 . 4  
ND I\TD ND 

3 9  1 4 . 1 8 . 1  
ND ND I\TD 

-

S oi l 
30 cm . 
Tp°C 

ND 
2 4 . 4  

ND 
2 1 . 3  

ND 
2 1 . 6  

ND 
1 9 . 1  

ND 

1 6 . 0  

ND 
1 4 . 0 

ND 
1 3 . 6  

l 1\TD 
1 2 . 6  

-- ----

Rain p r i o r  
t o  7 day s 

of samp ling 

6 . 3  mm 

45 . 2  mm 

2 . 1  mm 

3 5 . 7  mm 

2 3 . 1 mm 

1 6 . 7  mm 

22 . 3  mm 

6 4 . 7  mm 

- -- ·--------� 

. . . Con t ' d  

f-' "-l 
ln 



18/7 W a t e r  - - n i l 5 ? 
1 . 1 7x106 

S o i l - - 9 . 9x 10-' 

1 /8 ni l 4 
4 

Wat e r  + - 1 . 4x106 
S o i l  - - 1 . 7x 1 0  2 . 1x10 

1 5 / 8  
3 3 

Wa t e r  - - 3 . 5x 1 04 9 . 3x106 
So i l  - - 1 . 7x10 1 . 68x10 

2 9 / 8  W a t e r  - - ni l 5 ni l 
7 

Soi l + - 2 . 2x10 3 . 22x10 

6 5 5 
1 2/9  W a t e r  + - 1 . 85x107 

S o i l + - 9 . 6x10 1 . 0x10 

26/9  Water + - ni l 
5 

ni l 6 
Soi l - - 2 . 0x 1 0  1 . 79x10 

1 0 / 1 0  Wa t e r  - - ni l 1 

25 /1 0  W a t e r  + - 1 7  4 . 7x10 3 

7 / 1 1  Wa t e r  - ni l 3 3 6  6 
-

S o i l  + - 4 . 3xl0 9 . 4x l 0  

2 3 
2 1 / 1 1  Wa t e r  - - 1 . 6 1 x104 1 . 7x 10 6 

S o i l + - 1 . 1 x 1 0  4 . 4x10 

6 / 1 2  ni l 4 
2 

Wa t e r  + - 2 . 0x10
6 

. S o i l + - 1 . 3x 1 0  5 . 9x10 

+ = pos i t i ve i s o l a tion 

no i so l a t i o n  uc = unc oun t ab l e  

ND = No t D one 

7 . 0  40 1 3 . 3  
l\TD ND ND 

6 . 8 39 1 6 . 0  
ND l\TD l\TD 

6 . 7  39 1 3 . 7  
ND ND ND 

ND 40 1 3 . 4  
ND ND ND 

6 . 8  39 1 6 . 1  
ND ND ND 

6 . 8 39 1 5 . 9  
ND ND ND 

l\TD 3 9  2 1 . 5  

l\TD 32 1 6 . 5  

7 . 4  33 1 9 . 9  
ND ND l\TD 

7 . 0  3 6  1 9 . 8  
ND ND ND 

l\'D ND ND 
l\'D ND ND 

6 . 7 ND 
ND 1 2 . 9  

1 0 . 7  ND 
ND 1 1 . 8  

9 . 0 ND 
1\'D 1 2 . 1 

8 . 7  ND 
�"D 1 4 . 3  

1 . 1  ND 
ND 1 2 . 4  

2 . 7  .[\..'1) 
ND 1 3 . 6  

7 . 6  ND 

1 0 . 8  l\TD 

1 0 . 3  ND 
ND 1 7 . 7  

1 7 . 0  ND 
ND 1 9 . 6  

ND l\TD 
ND ND 

� -------'-----· ------·--

8 . 1  mm 

I 38 . 2  mm 

44 . 7  mm 

30 . 9  mm 

6 .  2 mm 

49 . 1  mm 

2 7 . 0  mm 

3 . 5 mm 

19 . 0  mm 

25 . 3  mm 

ND 

-

I 

1--' 
'I (j\ 



D a t e  

7/3 

23/3 

4/4 

1 8 / 4  

2/5 

1 7 / 5  

30/5 

2 1 /6 

4/ 7 

1 9 77 Opa l  Spr i ngs 

S o ur c e  

W a t e r  
So i l  

Wa t e r  
S o i l  

Wa t e r  
S o i l 

Wa t e r  
Soi l 

Wa t er 
Soi l 

Wa t e r  
S o i l  

W a t e r  
S o i l 

Wa t e r  
S o i l 

W a t e r  
So i l  

Am ebae To t a l  
C o l i -

N o n - f orms - 3 
p a t ho - P atho - . l OOc .m - 1  

g e ns 

-
+ N .  

-
+ N .  

-
+ 

-
+ N .  

+ 
+ 

-
+ 

-
+ 

-
+ 

+ N .  
+ N .  

gens o r . 1 . 0 g 

- ni l 
£o w l e r i  ND 

- n i l  
£owl e r i  ND 

4 - 5 . 4x l 0 5 - 6 . 8x10 

2 6 5  5 -
£ow l e r i  2 . 4x10 

- ni l 3 - 1 . 7x 1 0  
- ni l 6 - 6 . 2 5x10 

- ND 4 
- 2 . 4x 1 0  

- 24 Ll - 1 .  9 7x10 · 

£ow l e ri I 1 3  5 
fow l e r i  5 . 5 x 1 0  

I I 

To t a l  
B ac t e r i a  ., 
1 . 0 cm

-
.J

_ 1  
o r � l . O  g 

a t  37°C 

9 
ND 

2 . 2x10 
l\lD 

uc 
ND 

2 . 65x10 
2 

/ 108 

uc 6 
1 . 0x10 

u c  7 
6 . 0x 1 0  

!'iD 
5 . 1 x1 0

5 

5 5 6 3 . 9x l 0  

4 . J x 1 0
4 

1 . 2 10
6 

pH 

6 . 8 
ND 

6 . 8  
i\'D 

7 . 2  
ND 

6 . 8  
ND 

7 . 0  
ND 

7 . 1 
ND 

:\0 
rm 

6 . 8  
N D  

7 Lt . . 
i\D 

Tp 
o

c 

40 
ND 

3 9  
I\'D 

3 9  
ND 

39 
ND 

3 7  
I\'D 

3 8  
N D  

:\'D 
i\'D 

3 9  
l\TI 

I 

3 4 
I'W 

M ax . 
T 
oP 

c 

2 6 . 5 
ND 

24 . 6 
I'm 

2 1 . 7  
ND 

20 . 2  
ND 

1 5 . 0 
I\'D 

1 3 . 9 
ND 

1 4 . 6  
: m  

1 4 . 1  
ND 

1 3 . 3  
l'm 

1\'li n .  S o i l 
Tp 30 cm . 
o

c Tp°C 

1 4 . 1  I\lJ) 
ND 2 4 . 4  

1 6 . 2 ND 
ND 2 1 . 3  

8 . 4  ND 
ND 2 1 . 6 

1 4 . 0  ND 
ND 1 9 . 1  

1 1 . 8 l'JTI 
ND 1 6 . 0 

8 . 3  ND 
ND 1 4 . 0 

1 1 . 4 ND 
ND 1 3 . 6  

8 . 1  ND 
ND 1 2 . 6 

6 . 7  l\iD 
NU 1 2 . 9  

R ai n  p r i o r  
t o  7 day s 

o £  s amp l i ng 

6 . 3  mi!l 

45 . 2  mi!l 

2 . 1 mi!l 

3 5 . 7  mi!l 

2 3 . 1  mi!l 

1 6 . 7  mm 

2 2 . 3  mi!l 

64 . 7 mm 

I 5 3 . 2  mm 

. . . C o n t ' d  

I-' 
'.) '.) 



1 8 / 7  Water - - ni l 4 5 6 Soi l - - 2 . 74xl0 1 .  22 x l 0  

1 /8 Wat e r  + N .  £owleri ni l 1 0  

1 5 / 8  Wa t e r  - - n i l 4 1 0 2 
7 So i l  + N .  £owl e r i  1 . 2x10 1 . 8 7x 1 0  

2 9 / 8  W a t e r  5 3  5 
4 + - 6 . 1 x 1 07 Soi l + - l . l l x 1 0  1 . 9 3 x 1 0  

1 2 / 9  Wa t e r  - - ni l 3 n i l 6 Soi l - - 9 . 3 x 1 0  3 . 5 4x 1 0  

2 6 / 9  Wa t er - - ni l 5 n i l 6 
Soi l + - 2 .  73�d 0 4 . 78x10 

1 0 / 10 Water - - ni l 4 ni l 6 
S oi l  + - 5 . 9x 1 0  1 .  6 xl0 

2 5 / 10 Wa t e r  - - ni l ni l 

S o i l  
A .  £0 1�- 5 . 0xl04 . 6 + 

£h ag a 8 . 0x 1 0 

7 / 1 1  Wat er - - ni l 4 40 7 
So i l  + - 9 . 2x 1 0  1 .  6 x 1 0  

2 1 / 1 1 Wa t e r  - - ni l 5 ni l 7 
Soi l + - 9 .  4xlo- 1 . 2 x l 0  

.t 
6 / 1 2 W a t e r  + - n i l , 2 . 4 x 1 06 

So i l .. , + - 1 . 4x l 0  1 . 3 x l 0 
---- -------�-------- -

+ = p o s i t i ve i s o l a t i on no i s o l a t ion 

7 . 2  
ND 

7 . 4  

6 . 9  
ND 

ND 
ND 

7 . 4  
ND 

7 . 3  
NO 

ND 
NO 

ND 
l\TD 

7 . 2  
ND 

7 . 0 
I'm 

7 . 2  
NO 

-- -- -

l\'D 
ND 

3 1  

38 
ND 

3 3  
ND 

3 2  
ND 

3 9  
ND 

3 9  
NO 

3 9  

ND 

40 
I'W 

3 9  
NO I 

3 7  
N D  

-- -- ---- -

1 6 . 0  
ND 

1 3 . 7  

1 4 . 5  
ND 

1 3 . 4  
ND 

1 6 . 6  
ND 

1 5 . 9  
ND 

2 1 . 5  
ND 

1 6 . 5  

ND 

1 9 . 9  
ND 

1 9 . 8  
ND 

ND 
ND 

; : r J = ;'!o t D o n e  

10 . 7  

[ 

ND 1 . 9 P.li!1 

l\fJ) 1 1 . 8  

9 . 0  NO 3 8 . 2  mm 

1 1 . 8  ND 44 . 7  P.li!1 rm 1 2 . 8  

8 . 7  ND 30 . 9  P.li!1 ND 1 4 . 3  

1 . 1  ND 6 . 2  I!1I!1 ND 1 2 . 4  

2 . 7  ND 49 • 1 r.lr.l ND 1 3 . 6  

7 . 6  ND 2 7 . 0  mm ND 1 5 . 8  

1 0 . 8  1\l'D 
I\l) 1 6 . 3  3 .  5 ·nun 

1 0 . 3  ND 
1 9 . 0  P.li!1 ,'\:1) 1 7 . 7  

1 7 . 0  ]\,1) 
2 5 . 3  mm ND 1 9 . 6 

i\D NO rm ND T\'D 

r ;c = u n c o u n t ab le 

I I I 

f-' 
'-1 OJ 



1 9 77 Oko roi re Springs 

Amebae To tal To tal 
Co li - Bac t e r i a  

D a t e  Source Non - · £orms_ 3 . 1 .  0 cm- 3
_ 1 patho - P a th o - . 100 cm 

_ 1 o r  . 1 . 0o 
gen s gens o r  . 1 .  Og at 3 7°C 

7 / 3  Water + - B uc 
Soi l + - l\TD l\TD 

23/ 3 
5 uc Water - - 1 . 6x10 

Soi l + N .  £owl e r i  ND ND 

4/4 Water 5 uc + - 1 . 6x105 
Soil  + N .  £owleri 1 • Ox1 0  ND 

1 8 /4 2 uc Water + - 1 .  6 1 x1 06 "> 1 08 
Soi l + - 4 . 63x10 

2/5 Water - - 54 5 uc 6 
Soi l + - 3 . 7x10 3 . 0x10 

1 7/ 5  Water + - 2 o 2 1x10� uc 6 
Soi l + - 5 . 6x 1 0  1 . 04x1 0  

30 /5 Water + - ND 5 ND 
Soi l + - 2 . 5x10 ]\fD 

2 
2 1 /6 Wa t e r  + - 2 . 4x104 5 . 4x 105 

S o i l + - 1 . 03xl0 2 . 5xl0 

1 j 
4/7 Water - - 5 . 4xl03 

4 . lxl0 ,... 
Soi l + - 5 . 7x 1 0  6 . 8 x 1 0.:.; 

-------- ---- --- -· -��---

Tp �-'lax . 
pH Tp oc oc � �  

7 . 0  37 2 6 . 5  
ND ND ND 

7 . 1  3 7  2 4 . 6 
ND ND ND 

6 . 8 3 4  2 1 . 7  
ND ND ND 

7 . 0 3 4 20 . 2  
ND ND l\TD 

6 . 8  35 1 5 . 0  
ND ND ND 

7 . 2  34 1 3 . 9  
ND ND ND 

]\TJ) i\TJ) 1 4 . 6  
ND ND ND 

6 . 6  ND 1 4 . 1 
ND ND ND 

7 . 0 3 5  1 3 . 3 
ND ND ND 

M i n .  Soi l 
T 30 cm . oP 

Tp°C c 

1 4 . 1 ND 
ND 2 4 . 4  

1 6 . 2  ND 
ND 2 1 . 3 

8 . 4  ND 
]\jJ) 2 1 . 6  

14 . 0  ND 
ND 1 9 . 1  

1 1 . 8  ND 
ND 1 6 . 0  

8 . 3 ND 
ND 1 4 . 0  

1 1 . 4  ND 
ND 1 3 . 6  

8 . 1 ND 
ND 1 2 . 6 

6 . 7  ND 
ND 1 2 . 9 

' 

�--

Rai n  pr io r  
to 7 days 

of  samp l ing 

6 . 3 nn 

45 . 2  Ill:r.1 

2 . 1 mm 

35 7 

23 . 1  mm 

1 6 . 7  mm 

2 2 . 3  nn 

64 . 7 Illi'1 

53 . 2  I!li'l 

• . . Con t ' d  

I 1--' 
-...) \0 



1 8 / 7  Wa t e r  + 
Soi l  + 

1 / 8  W a t e r  -

S o i l -

1 5 /8 Wat e r  + 
Soi l + 

2 9 / 8  W a t e r  + 
Soi l  + 

1 2/ 9  Wa t e r  + 

Soi l + 

2 6 / 9  Wat e r  + 
Soi l + 

1 0 / 1 0  W a t e r  + 
So i l  + 

25 / 1 0  W a t e r  + 

Soi l + 

7/ 1 1  W a t e r  -

So i l  -

2 1 / 1 1  W a t e r + 
Soi l -

6 / 1 2  Wa t e r  + 
So i l  + 

N . 
N .  

N .  

I 
£ow l er i  · ni 1 3 £ o wl e r i  3 . 43x10 

ni l 3 
-

7 . 6 8 x 1 0  -

£ow l e r i  5 4 
- 2 . 0 x 1 0  

3 5  5 
-

- 6 . 0x 1 0  

A .  Eo lx- - ni l Ehaga 6 
- 2 . 12 x 1 0 

N .  £owl e r i  2 5 
- 4 . 7 x 1 0  

N .  £owl e ri 2 3 
- 5 . 3x 1 0 

A .  Eo ly- 24 Eh aga --, 

- 1 . 4x1 0
..J 

1 2 -

4 
- 6 . 8xl 0 

- 2 4 
- 5 . 7 x l 0  

2 4  Ll -

- 3 .  2 x l 0  • 

4 2 . 4x 1 05 
1 . 2 x 1 0  

3 
1 . 47 x 1 0

6 2 . 1 7 x 1 0  

4 3 . 8 x 1 0 6 4 . 4 3 x 1 0  

3 1 . 9x 1 0 6 1 . 1 3 x 1 0  

> 1 05 

3 . 0 x 1 0  6 

3 6 . 8x 106 2 . 1 x 1 0  

uc 5 5 . 6 x 1 0  

2 . 9 x l 0  4 

9 . 2x10 5 

6 3 . 0 6 x l 06 
2 . 3 x 1 0  

4 1 . 2 5 x l 06 
5 . 7x 1 0  

2 5 . 0 x l 0 . 
2 . o x 1 0° 

- --- _______ ...._ ________ 

+ = po s i t i ve i s o l a t i o n  n o  i s o l a t i o n 

7 . 0  3 6  1 6 . 0  
ND ND ND 

6 . 6  3 5  1 3 . 7  
ND ND ND 

6 . 6  32 1 4 . 5  
ND ND ND 

NO ND 1 3 . 4  
ND ND ND 

7 . 2  30 1 6 . 1  

ND ND ND 

6 . 8  3 5  1 5 . 9  
ND ND ND 

ND 3 9  2 1 . 5  
ND ND ND 

ND 3 6  1 6 . 5  

ND ND ND 

7 . 0 3 6  1 9 . 9 
ND ND ND 

7 . 2  3 3  1 9 . 8  
]\1]) ND ND 

ND ND ND 

I ND NO NO 
� L____ - -- ----

:-- :o = N o t  D on e  

1 0 . 7  
ND 

9 . 0 
ND 

1 1 . 8 
ND 

8 . 7 
ND 

1 . 1 

ND 

2 . 7  
ND 

7 . 6  
I' ID 

1 0 . 8  

ND 

10 . 3 
ND 

1 7 . 0  
ND 

ND 
ND 

-- - -

I\'D 
1 1 . 8  

ND 
1 2 . 1  

ND 
1 2 . 8  

ND 
1 4 . 3  

ND 
1 2 . 4  

ND 
1 3 . 6  

ND 
1 5 . 8 

NO 
1 6 . 3  

ND 
1 7 . 7 

I NO 
1 9 . 6  

ND 
ND 

uc = uncoun t ab l e  

8 . 1  I!llll 

3 8 . 2  mm 

44 . 7  mm 

30 . 9  I!1I!l 

6 . 2 I:'J!l 

49 . 1  mm 

2 7 . 0  mm 

3 . 5  mm 

1 9 . 0  mm 

2 5 . 3  mm 

NO ,__. (X) 
0 



1 9 7 7  O t umaheke S t r eam : 1 /2 B ; 1 /3 wa t e r  

Am.ebae To t a l To t a l  
Co l i - B ac t e r i a  

D a t e  S o ur c e  Non - · £ o m s_ 3 . 1 . 0 cm - 3 
- 1  p a tho - P a t h o - . 100 cm o r  . 1 . 0 g 

1 -1 a t  3 7
°

C g e n s  gens or . . Og 

28 / 2 Wa t er + - ND ND 
So i l  + - , ,  1 1  

7/ 3 Wa t e r  + - 1 1  1 1  

Soi l + - 1 1  1 1  

1 4/ 3  Wa t e r  + - 1 1  1 1  

S o i l  + 1 1  1 1  -

2 1 /3 Wa t e r  + - 1 1  1 1  
4 

Soi l + N . £owl e r i  2 •. 1 x 1 0  1 1  

28 / 3  Wa t e r  + - ND 
4 

1 1  

Soi l + - 6 . 6 x 1 0  1 1  

4/4 Wa t e r  + - ND 
4 

" 

Soi l + - 3 . 4 x 1 0  1 1  

1 2 / 4  Wa t e r  + - ND 
4 

1 1  

S o i l + - 2 . 4x 1 0 I 1 1  
I 

1 9 / 4  Wa t e r  + N . £o w l e r i  ND 3 
1 1  

Soi l N . £owl e r i  ) 108 + 6 . 1 x 1 0  

I 
2 7/4 Wa t e r  + - i':D 4 

ND 

3 . 8 x l 0 5 
Soi l + - 9 . l x l 0  

Tp 
M ax .  

pH o
c 

Tp 
o

c 

7 . 8  28 2 3 . 6  
ND ND ND 

ND 2 7 2 2 . 5  
ND ND ND 

7 . 9  2 6 2 1 . 8  
ND ND ND 

1\;'D 2 .5  1 6 . 1  
1\;'D ND ND 

ND 2 5  2 2 . 0  
ND ND ND 

ND 2 9  1 8 . 2  
ND ND ND 

l\TI 2 5  1 8 . 5  
J\ll) NO ND 

ND 2 5  1 6 . 6 
r,m ND ND 

I I 
l'TI 2 1 . 5 : 1 2 . '! I I 1\0 l\D I ND 

I 

M i n . Soi l 
Tp 30 cm . oc Tp

°
C 

1 1 . 2 ND 
ND 1 8 . 8  

1 2 . 6 ND 
ND 1 9 . 8  

1 3 . 0  ND 
f\TD 1 9 . 2  

7 . 0 ND 
ND 1 8 . 2  

5 . 4 ND 
ND 1 6 . 4  

6 . 1  ND 
N D  J 6 . 4 

7 . 4 ND 
ND 1 5 . 6  

9 . 8 

I 

j\:J) 
l'JD 1. 4 . 7  

I 4 . 6  ['�0 I 
I\'D I 1 2 . 2  

l 
R ai n  p r i o r  

t o  7 day s 
o£ s amp l i ng 

34 . 8 mm 

0 . 4  mm 

I 
0 . 1  mm I I 

I 
i 

No r ai n  ' 
' 

46 . 8  mm 
I 
l 

2 . 9  mm 

1 2 . 5  mm 

7 . 1  mm 

I 1 7 . 2  r1r.1 

. . .  Co n t ' d  

1--' (X) 
i--' 



2 / 5  W a t er + A .  J20 l�-
:eh aga 

S o i l  + N .  f o w l e r i  

9/5 W a t e r  + -

S o i l + -

1 6 / 5  W a t er + -

S o i l + N .  £ o wl e r i  

2 3 / 5  W a t e r  + -

Soi l + -

30/5 W a t e r  + -

S oi l + -

7 / 6  Wa t e r  + N . fow l e r i  
S oi l + 

1 3 / 6  W a t er + N .  f o w l e r i  
Soi l + -

20 / 6  Wat e r  + -

S o i l  + -

27 / 6  W a t e r  + -

So i l  + -
-

4/ 7 Wa t e r  + N .  fowl e r i 
S o i l + -

ND I 
3 . 8 x 1 0  4 

2 2 . 5x 1 04 5 . 6x l 0  

ND L)_ 
4 . 5 x 1 0  · 

uc 5 3 . 7 x 1 0  

3 1 . 2x103 2 . 5x 1 0  

2 3 . 8 5x 104 6 . 7x 1 0  

3 3 . 8 x 1 0 4 1 . 1 7 x 1 0  

2 8 . 2x l 02 3 . 9 2x 1 0  

3 6 . 2 1 x 1 0 ? 
1 . 6 5 x 1 0 .:;  

2 2 . 6 x l 0Lt 3 . 9 x 1 0 · 

ND 
1 .  5 1x 1 0  6 

ND 6 4 . 0 1 x10 

ND 5 5 . 7 x 1 0  

uc 6 1 . 9 5 x 1 0  

3 3 . 3 x 1 05 8 . 6 x 1 0  

3 4 . 2 5x 10 5 6 . 7xl0 

3 7 . 2 5 x 1 0 5 4 . 0 3 x l 0  

4 2 . 9 x 1 05 1 . 7 7x l 0  

4 1 . 9 3 x 1 0 5 1 . 24xl0 

4 : 3 . l 1 x l 0 � · 

8 J ,- 1 0 _ )  : • _J X  I 
I -

l\l]) 2 4  1 2 . 4  

ND ND 1\1]) 

" 2 1  1 2 . 7  
" ND ND 

" 2 1  1 3 . 4 
" ND ND 

" 3 7  1 3 . 4  
" ND ND 

1 1  20 1 0 . 1  
" ND ND 

" ND 1 0 . 4 
" ND NTI 
" 4 1  1 2 . 1 
" ND ND 
" 38 8 . 9 
" ND ND 

" 
I 

3 8  1 3 . 1  
" I ND ]\!]) 

I r I 
" 3 5  ! 9 . 8  
" ND ' ND I j. 

4 . 9 
ND 

- 1 . 4  
ND 

1 0 . 5  
ND 

9 . 4  
ND 

4 . 0 
l\l]) 

1 . 2 
I\!]) 

6 . 4 
ND 

1 . 1  
.f\;'1) 

6 . 1  
i\'D 

3 . 4  
l\'D 

ND 

1 0 . 6  

ND 
9 . 0  

ND 
1 0 . 2  

ND 
1 0 . 5  

8 . 5  
ND 

ND 
7 . 7  

ND 
7 . 0  

ND 
8 . 5  

ND 
8 . 0  

ND 
8 . 3  

' 

40 . 1  mm 

2 . 2  mm 

1 2 . 8  nn 

5 2 . 2  rr...m 

43 . 4  mm 

3 4 . 7 nn 

2 0 . 9  mm 

3 9 . 3  mm 

2 6 . 2  mm 
! 

6 8 . 4  mm 

f-' 
CO 

. . . C o n t ' d  N 



5 . 2 x 1 0� 1 2 / 7  Wa t e r  + N . £owl eri uc 
S o i l uc + - 4 . 5 x 1 0  

1 8 / 7  W a t e r  + - ND 3 :'-H) 4 
So i l  + - 1 . 8 8 x 1 0  6 . 02 x1 0  

2 5 / 7  Wa t er + - ND 
4 

ND 7 
S o i l + N .  £owl e r i  8 . 9 x 1 0  1 . 39 x 10 

8 /8 Water - A .  :eo l�-
ND ND 

:eh a� a 

1 8 / 8  Wa t e r  + - ND 1\'D 

22 / 8  Wa t e r  + A .  :eo l�
-

ND l\TD 
:eh a�a 

3 0 / 8  W a t er + - ND I\TD 

6 / 9  W a t e r  + - ND 5 I\TD 7 
Soi l + - 4 . 4x l 0  5. 0 1 x 1 0  

1 3 / 9  Wa t e r  + - ND ND 5 
S o i l  + - ND 4 . 1 9x10 

1 9 / 9  Wat er + - ND 3 ND 6 
_ S o i l  + - 4 . 6 3 x 1 0  3 . 5x10 

2 7/ 9  Wa t e r  + - I\TD 
3 

1\TD 6 
Soi l + - 2 . 9x 1 0  7 . 38xl0 

-�-

I 
�D 3 5  1 0 . 5  
" ND ]\;1) 
1 1  l\'D 1 1 . 0  
1 1  ND ND 

1 1  3 9  1 0 . 2  
1 1  I\TD ND 

1 1  ND 1 2 . 4 

1 1  40 1 2 . 1  

1 1  4 5  1 4 . 6  

1 1  3 6  7 . 7  

1 1  I\TD 9 . 3  
1 1  I\TD ND 

1 1  ND 9 . 9  
1 1  I\TD ND 

1 1  40 1 4 . 2  
" ND I\TD 

1 1  1\TD 1 3 . 4  
1 1  l\TD NTI 

I 

- 0 . 9 ND 
I\TD 6 . 6 

2 . 1  ND 
1\'D 6 . 5 

1 . 6  ND 
ND 8 . 0 

3 . 1  ND 

4 . 1 ND 

3 . 0  ND 

4 . 9  ND 

3 . 9  I\TD 
I\TD 8 . 1  

1 . 4  ND 
ND 8 . 2 

1 . 5 ND 
ND 9 . 1  

1 . 7  1\'D 
ND 9 . 4  

4 . 8  mm 

1 . 0 mm 

45 . 6 mm 

4 . 5  mm 

3 8 . 2  mm 

1 2 . 4  mm 

12 . 1  nn 

2 3 . 8  mm 

1 . 7 mm 

3 2 . 9  mm 

6 . 2  P.1ID 
; 

• . .  Con t ' d  

I 

I-" 
CO 
LV 



4 / 1 0  Wa t e r  + N . £owl e r i  l\lD L1 ND 7 
Soi l + - 1 .  8 x 1 0  · l . l x l O  

1 7/ 1 0 Wa t e r  + - ND 3 ND 7 
S o i l + - 4 . 0x 1 0  l . Ox10 

3 1 / 1 0 Wa t e r  + - ND 4 ND 
6 

So i l  + - 1 .  5 x 1 0  1 . 5 x l 0  

8 / 1 1  Wa te r + - ND ND 7 6 
S o i l + - l . l x l O  5 . 7x10 

1 8 / 1 1  W a t e r  + - ND 4 ND 6 
Soi l + - 2 . 5 x l 0  2 . 7 x 1 0  

+ = p o s i ti v e  i so l a t i on 

no i so l a t i on 

ND = No t Done 

UC = unc ompa r ab l e  

ND NTI 1 5 . 6  
" " ND 
" " 1 6 . 0 
" 1 1  l\lD 

1 1  " 1 6 . 0  
" " ND 

" 1 1  1 7 . 9  
" " ND 

" 42 1 8 . 3 
" ND ND 

2 . 1  ND 
ND 1 1 . 1 

6 . 0 ND 
ND 1 2 . 0  

7 . 6  ND 
ND 1 5 . 2  

3 . 4 
ND 

ND 1 4 . 5  

9 . 5 ND 
ND 1 5 . 1  

1 8 . 9  mm 

1 . 8 mm 

8 . 3  mm 

1 7 . 8 mm 

6 . 5  mm I I 
! 

� 
CO 
� 



D a t e  

2 8 / 2  

7 / 3  

1 4 /3 

2 1 /3 

28 / 3  

4/4 

1 2 / 4  

1 9 / 4  

27/4 

2 / 5  

9 / 5  

1 6 / 5  
-------------

1 9 77 O t umaheke S t r e am : 1 / 2 C  So i l 

S o u r c e  

So i l  

S o i l 

Soi l 

S o i l 

S o i l 

S o i l 

S o i l  

.S o i l 

So i l  

Soi l 

S o i l 

Soi l 

Ame b ae 
No n - · 

P a t ho -
g e n s  

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

P a t ho -
g e n s  

N .  f o w l e r i  

N .  fowl eri 

N .  fow l e r i  

-

N .  £owleri 

-

-

-

-

-

-

-
- ------

To t a l  
C o l i -
forms _ 1 . 1 .  0 g 

ND 

ND 

ND 

1 . 2 6x10 
5 

1 . 5 6 x10 
5 

1 . 1 xl0 
4 

3 . l x 1 0  
5 

3 . 5 x 1 0  
5 

5 . 8 x 1 0  
4 

3 . 6xl0 
4 

1 . 92x10  5 

1 . 0 2 x l 0  
6 

To tal 
!\lax . 

B a c t e r�f 
pH 

Tp 
Tp

°
C 

. 1 . 0  g o
c 

a t  3 7  C 

ND ND ND 23 . 6  

ND " " 22 . 5  

l\1]) " " 2 1 . 8  

ND " " 1 6 . 1  

ND " " 2 2 . 0  

l\IJ) " 1 1  1 8 . 2  

ND " " 1 8 . 5 

) 10
8 1 1  1 1  1 6 . 6 

4 . 5x 1 0  7 " 1 1  1 2 . 4  
I 

4 . 1 x 1 0  
7 f l  1 1  1 2 . 4 

1 . 3 Jx 1 0  7 1 1  1 1  1 2 . 7  

9 . .  S x l O  7 " 1 1  1 3 . 4 I 

!.'I i n . S o i l 
Tp

°
C 30 cm . 

Tp
°

C 

1 1 . 2 1 8 . 8  

1 2 . 6 1 9 . 8  

1 3 . 0 1 9 . 2  

7 . 0  1 8 . 2  

5 . 4 1 6 . 4  

6 . 1 1 6 . 4  

7 . 4  5 . 6 

9 . 8  1 4 . 7  

4 . 6  1 2 . 2 

4 . 9  1 0 . 6  

- 1 . 4  9 . 0  

1 0 . 5  10 . 2 I 

R ai n  p r i o r  t o  
6 day s o £  
s amp l i ng and 
o n  s amp l e  day 

34 . 8  mm 

0 . 4  mm 

0 . 1 mm 

No r ai n  

46 . 8  mm 

2 . 9 mm 

1 2 . 5  mm 

7 . 1 mm 

1 9 . 2  mm 

40 . 1  mm 

2 . 2  mm 

2 . 8 mm 

f-' 
()J 

• . . C o n  t 1 d U• 



2 3 / 5  S o i l 
3 

+ - 6 . 27x10 2 . 8 7x 1 0  

3 0 / 5  Soi l 
3 

+ - 4 . 4x l0 5 . 0 2x l 0  

7 / 6  Soi l 
5 

+ - 3 . 0 5 x l 0  5 . 3 7x 1 0  

1 3 / 6  S o i l + - 2 . 0 7x 1 0  4 3 . 02x10 

20/ 6  S o i l 
3 

+ - 3 . 5x 1 0  4 . 6 x l 0  

2 7 / 6  S o i l 
4 

+ - 1 . 0 2 x 1 0  7 . 2 x10 

4/7 Soi l 
5 

+ - 3 . 1 8 x 1 0  1 . 4x 1 0  

1 2 / 7  S o i l + - 1 . 2 x l 0  4 
uc 

1 8 / 7  4 
S o i l + - 1 . 1 6 x l 0  1 . 5 8 x l 0  

2 5 / 7  Soi l + - 6 . 70 x l 0  4 l . Ox 1 0  

8 /8 Soi l + - 2 . 4x 1 0  5 8 . 1 3x 1 0  

1 8 / 8  Soi l 
6 + - 1 . 54xl0 2 . 7 6 x 10 

2 2 / 8  Soi l + - 2 . 8x l0 5 2 . 4 9 x l 0  

4 
3 0 / 8  S o i l  + - 5 . 7 2 x 1 0  5 . 20x l0 

L1. 
6 / 9  S o i l  + - 9 . 64x 1 o · 1 . 1 2 x 1 0  

I 

6 
l\TD ND 1 3 . 4  

7 " " 10 . 1  

7 " " 1 0 . 4  

6 " 1 1  1 2 . 1 

5 " " 8 . 9  

6 " " 1 3 . 1  

7 " 1 1  9 . 8  

" 1 1  1 0 . 5  

6 " " 1 1 . 0  

7 " " 1 0 . 2  

7 1 1  1 1  1 2 . 4  

7 1 1  1 1  1 2 . 1  

7 1 1  1 1  1 4 . 6 

7 " " 7 . 7  
7 1 1  " 9 -;, o ..J  

9 . 4  

4 . 0  

1 . 2  

6 . 4  

1 . 1  

6 . 1  

3 . 4  

- 0 . 9  

2 . 1  

1 . 6 

3 . 1  

4 . 1 

3 . 0 

4 . 9  

3 . 9 

1 0 . 5  5 2 . 2  mm 

8 . 5  43 . 4  mm 

7 . 7  3 4 . 7  mm 

7 . 0  2 0 . 9  mm 

8 . 5  39 . 3  P.1ID 

8 . 0 2 6 . 2  mm 

8 . 3  68 . 4  mm 

6 . 6 4 . 7  mm 
. 

I 6 . 5  1 . 0 mm I 
! 8 . 0 45 . 6  mm I 

6 . 9  4 . 5  mm ! 
I 

9 . 1  3 8 . 2  mm I 
I I 8 . 5  1 2 .  4 m..rn I I I 

I I I 1 0 . 0  1 2 . 1  mm 
' I I ! 8 . 1 2 3 . 8  mm ! ' ------------------------ ---------�---

1--' OJ 
· • • C o n  t ' d  Q\ 



1 3 / 9  Soi l + 

1 9 / 9 Soi l -

2 7 / 9  Soi l + 

4 / 1 0  Soil + 

1 7 / 1 0  Soi l + 

3 1 / 1 0  S o i l  + 

8 / 1 1  Soi l + 

1 8 / 1 1  Soi l + 

---- - ------ �·�· 

+ = pos i ti ve i s o l a tion 

no  i so lation 

ND = No t Done 

UC = uncoun t ab le 

A .  

- ND 1 . 3 9 x 1 0  

- I 'ID ND 

5 
- 2 . 1 xl0 4 . 1 5 x 1 0  

4 
- 2 . 6x10 4 . 1 5x 1 0  

J20 ll:- 3 

Ehaga 3 . 4 x 1 0  1 . 0 x 1 0  

5 
- 1 . 3 x 1 0  3 . 2 x 1 0  

5 
- 3 . 8 x 1 0  l . Ox 1 0  

5 
- 2 . 7x 1 0  5 . 2 x 1 0  

6 ND ND 9 . 9  

1 1  1 1  1 4 . 2  

6 " 1 1  1 3 . 4  

6 " 1 1  1 5 . 6  

7 " " 1 6 . 0  

7 " " 1 6 . 0  

7 " " 1 7 . 9  

6 1 1  " 1 8 . 3  

1 . 4 8 . 2  

1 . 5 9 . 1  

1 . 7  9 . 4  

2 . 1  1 1 . 1  

6 . 0 1 2 . 0  

7 . 6  1 5 . 2  

3 . 4  1 4 . 5 

9 . 5  I 1 5 . 1  

1 . 7  mm 

3 2 . 9  mm 

6 . 2  I!ll!l 

1 8 . 9  mm 

1 .  8 I!ll!l 

8 . 3 mm 

1 7 . 8  mm 

6 . 5  mm 

1-' 
CO 
� 



1 9 7 7  O t um aheke S t re am : 1 /4 whey - s o i l 

Amebae To t a l  To t a l 

Co l i - B a c t er i a  
D a te S o ur c e  N o n - f o rm s  0 - 1 .1 . g 

p a t ho - P a tho -
. 1 . 0 g 

- 1 a t  
g e n s  g en s  37 °C 

6/9 Soi l 
4 7 + - 2 . 47 x 1 0  1 . 2x10 

1 3 / 9  Soi l + N .  fow l e r i  1 . 1 7x 1 0  
4 

3 . 0x 1 0  
6 

1 9 /9 Soi l + N .  fowl e r i  4 . 1 7x 1 0  
3 2 . 66x10 6 

2 7/9 Soi l 
4 6 + - 5 . 0xl0 5 . 2x10 

4/ 1 0  S oi l 
5 6 + - 1 . 4x 1 0  9 . 2xl0 

1 7/ 1 0  Soi l  
A .  c u l - 5 6 + 

b e r t so ni 
5 . 0x 1 0  3 . 3x l 0  

3 1 / 1 0  3 6 
So i l + - 2 . 7 x 1 0  5 . 9 x 10 

fowl e r i  2 . 1 x 1 06 8 
8 / 1 1 Soi l + N . 1 . 8 x l 0  

1 8 / 1 1  Soi l + N . £owl e r i  3 . 5 x l 0  
4 

8 . 5 x l 0  
6 

+ = pos i t i ve i s o la t ion 

no i s o l a ti on 

ND = No t Don e  

Tp 
M ax . M i n . 

pH Tp Tp o
c o

c 
o

c 

ND ND 9 . 3  3 . 9  

" " 9 . 9  1 . 4 

" " 1 4 . 2  1 . 5 

" " 1 3 . 4  1 . 7  

" " 1 5 . 6  2 . 1  

" " 1 6 . 0  6 . 0  

" " 1 6 . 0 7 . 6 

" " 1 7 . 9  3 . 4 

" " 1 8 . 3  9 . 5 
I 

S o i l 
30 cm . 

Tp
°

C 

8 . 1 

8 . 2 

9 . 1  

9 . 4  

1 1 . 1  

1 2 . 0  

1 5 . 2 

1 4 . 5 

I 1 5 . 1  I 

Rai n p r i o r  
to 7 days 

of s amp l i ng 

2 3 . 8  mm 

1 . 7 mm 

3 2 . 9  mm 

6 .  2 1:!1111 

1 8 . 9  mm 

1 . 8  mm 

8 . 3  I!liil 

1 7 . R J::'_'!l 

6 . 5  mm 

i--' 
()? 
()? 
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Primary Al!leb i c  �:eningo-e n ce phal i t i s  ( PAM) i n  New Zealand - ae ti o logi cal agen ta, 

• 
dis t ribut i on, o ccurrence and control .  Ray T. Curaona , Tim J. Brown and 

Eli zabe th A .  Keys , Department of Microbiology and Gen e t i cs , Mas sey Unive rs i ty .  

Tradi tiona l ly the on l y  pathogen i c  amebae recogni s e d  a s  occurrinc in 

wa ters has bean the a e t i o l ogi cal age n t  of arne b i c  dys entery !b tamoeba 

h i s t o lytica . Since the acc iden tal dis covery of c y t o pa t hogeni c i t y  in cell 

cul ture by pa thoge n i c  f ree-l iv i ng �ebae ( PFLA) a p proximate l y  twenty years 

ago ( Jahnes et a l .  1 957 ) ,  the b i omedi cal interes t 1n these organisms has 

increased.  In can and anim� ls they have been res pons i b l e  f o r  a vhole 

mul t i t u1e o f  diseases , rang ing from c hron i c  i l lnesses s uch as re s pi ra t o ry 

i nfect 1 ona an� bl indnes s ,  to the very acut e d i s ease of Primary �ebic 

Meningo-e n c e pha l i t i s , ( PAM) . Taxoncmi ca l ly they be l ong to t he l imax and 

sma l l  s o i l  am e�e on ac c oun t o f  t he i r  charac t e ri s t i c  s lug-l ike shape und 

movemen t .  They are ubi qui t o us in s o i l  and freshwater environmen ts through-

out the world vhero they ex i s t  as saprophy ti c o rganisms feedi ng �ainly on 

bacteria , yeast and � rgani c de bri s present in the i r mi croenv i r onment . 

Labora t o ry c u l t iva t i on �ay be achieve d  on non-nu t r i en t  a5ar upon whi ch a 

l avn of En terobacter c l oacae o r  E�chericr�� c o l i  has b�en s pr�ad or by aze� i c  

cul ture ( Cursons & Brown , 1 976 ) . The PAM am�bae b e l ong t o  tte genua 

Naegleria wi t�in the family Sch i z opvrenidaq, and t o  the genua A c �ntham�eba 

vi thin t h e  f 'L1l i ly A canthamcebidae . The ee.se w i th which thes8 a.cobae may he 

i s o la t ed from na tura l habitats has probably res ul te d in an underts t ima t i on 

of the i r  pa thogeni c po ten t ial .  After a revi ew of 1 6  fata l  cases from an 

i ndoor chl o r i nated swi=ing poo l , C e rva ( 1 97 1 ) s ta t od t ha t  " i t  appears thl.it 

t h e  co�q tant ?rese n ce of n ume rous popula ti ons of ameba e o f  tne limax groups 

cannot be prev e n te d  even under t h� s tric tes t observation of a l l  rout ine 

safe ty measures applied. to po ta b l e lllater" . The lil dt' spread re;;orts of 

i a o l a t i <- n  of pa thogenic am ebae ( Brown & Cursons , 1 977 ; Chan!> , 1 9?4 ; .ie ll i  "CS 

et a l  1 977 ) from soi l ,  wa t e r ,  i n  ther:nal pool s a n d  evan ch l o ri n � t e l  "IIJ. t '. !'S  

has l e d  t o  the ex prt.?s s i on o f  real concern by Publ i c  .r. • l  ii• All \ L e  r .i.  t i e s , 

par t i cularly in thermal touri s t  res orts of New Zealan d .  I n  i"' "'  Z<>al and 
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there have been 6 cases of PAM , al l of �h1 ch �ere fatal , and were con t ra c t e d  

whi le swimming i n  thermal �aters i n  the No rth I s l an d . A l 1  s i x  cases w e re  

caused by the ameba Naegle ria fowleri whi ch has caused 88 of the 94 re corded 

cases in the world to date . Of the 94 cas es 84 have been f'i ta l .  

Bo t h  the pathogenic  s pecies li· fowl eri and t he non-pathogeni c one 

E. gruberi are morphologi c a l ly identical ( F i g .  1 )  but r.an be diffe re � t i � te 

by s e ro logi cal , phys i c, logi cal , gro�th and pa t h oge rn c i ty chara c te ri s t i c s 

( Fi g .  2 ) .  They can further be di fferen t i a �ed f rom the genus Acan thamoeb'l. 

on morpho logical grounds and in that t ney und e rg o  prom i t os i s ,  pos s e s s  a 

temporary f lab"e l l a  te s tage ( Fig.  3 )  and are s e rologi c a l l y  unrelR ted as we 1 1 .  

The po r t a l  o f  e n t ry ha s  been snown t o  b e  the � ri bri f o rm p l a t e  via t h e  nRsal 

mucos a .  T y p i c a l  symptoms , ex pressed after a n  i ncubat '.. cn p e r i od of 3-9 :iayn , 

are the abrupt onse t  cf headac�1e , s o re throa t snd mi l d  f ever. I t  then 

progresses rapidly over tb.e next 3-4 days wi th i n creas i ng h ead11 ch., , s t i f f  

neck and vomi ting . By the e!ld of the third day the pa t i e :� t  j s  nc'"Illal l y  

s everely disorientated and in a coma , w i th death f o l l o w i ng i n  about 4-8 days . 

Conforma t ion of the disease may be achi eved by the obse rva t i on of t ro phozoites 

in the CS.!!' .  In pos t-mortem diagnosis , a degre e of e n c e pha l i tis i s  invaria bly 

presen t . The cerebral and cerebel lar grey substances show variable s i z e d  

lesions whi ch tend t o  be haemorrhagic a n d  q ui te s o f t  when they are large . 

The existence of redness and des truc tion of the olfac t ory n e rve o c c urs  

solely in s wimming-associated meningo-encephal i t i s  and could serve t o  

dis tinguish i t  f ro m  bacterial meningi t i s  whi ch c l ose ly resembles P&� . 

Elsewhe re in the body there is generally no evidence of amebic infe c t ion. 

with the pos sible exception of a myocardit i s .  Chemo therapy i s  gene ral ly 

ineffect ive once symptoms become a ppa rent but the drugs of choi ce wo u l d  be 

Ampho teric in B and 5-flurocytosine which a c t  synergis t i cal ly .  

Very much i n  the minori ty are cases o f  PAM caus ed by s pe c i es of 

Acanthamoeba (Fig .  4 ) .  �ith the exce pti on of the pa thogenic s pe c i es 

A• culbertsopi which produces an acute meningo-encephali tis in b o th man and 

animals , the only o ther known pathogenic s pecies 1· cas tel lanii and 
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�· polyphaga produce sys temic di s eas es whi ch are chro ni c  and thus in l ine 

wi th the i r  l ower virulen ce . The po rtal of entry is thought to be the 

bl oods t ream whi ch they may ente r through the a l imentary canal or open wounds . 

Acanthaln c e b i c  infe c t i ons are difficul t to diagnos e even in advanced can es 

due to the lack of s pe c i f i c  symp toms and the absence of amebae in the :sF . 

Mo re i:-:forma tive findings may be revea le d by the exemina t i on of th roat and 

nas a l  s wa b s , or by fluorescent ant i body s taining of s e ra .  Pos t -mortem 

d iagnos i s  re l i e s  on t he presence of confined supe rfi c ia l l es i ons j n the ere:; 

ma t te r  w1 tr. a :ni nu �.or� i n f l amma t o r-y rea c t i on ,  an d the f i nd in g  of doul>l e-

wa l l e d  cys ts i n  a p ?3 ren t ly nc �al t i s s ue b o rd e r ing the les i on . General ly 

t h e re  a re .:1 0  les ic•ns in the o l fa cte>ry bulb rcgi or. . T h e  chem o t h e ra py at;:1io 

is unre li a b l e  ·�:u t  5 - f l urocyt o:Jine anl sulphadiaz i ne are the drugs of choi ce . 

To date the re has oecn no re ported i l lness due to Acantha.moeba in New 

Zealand and t he ove rs •3r,s evidence su.:;gests tha t  this is a more ''cppo r t unis t i c  

pa thogen " tL.ruJ i'in.;clc ria.  

'l.'he s t i l l  po orly unders tood e pi demiol ogy and env i ronmental 

phy s i o l ogy or the Jisease has l e d  to the e s tabl 1.shment of a o urvey of s i x  

N e w  Zealand t!:erma l a r eas and a c c n; pu r!l tive i nV (! s t i gR t ion o f  ccmmor:: 

d i s � nfectan ts uu a uean3 cf con t ro l .  

��te rials &n d  Methods 

C u l  turQ 

Al l Naegleria spo. were grown a xeni cal ly �n CYM media 

A l l  Acantham o e ba jtpp .  were grown axeni c a l ly i n  4 .o% Noff . 

Disinfe c t i on 

c 12 was produced from ei t h e r  Ca ( OC 1 )
2 

or NaOC l .  

Cl0
2 

was produced from NaCl0
2

• 

o3 was produce d  by electri cal dis ch�rge of d ry oxyeen . 

QAC - Uced De ci q uam  2 22 ( �i -decydime thyl-arernonium bromid � ) . 

A l l  glas sware was a c i d  washed and r i ns e d  in dis t i l l ed '<n t c r  1;')fure us e . 

Only Chl orine-free de-i oni ze d wa t e r  vas used . 
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FAC , '!'AC & C A C  ·.ms measured by t h e  .)PD GJe t110d of Po.Er: ( 1 975 ) es were C l02 

& o3 levels . 

The proto col for the t e s t  vas as f o l lows : 

Amebae were centri fuged out at 1 500 qxn/1 0  mins . and resusper.ded 

i.n s terile O . OHI pE7 ro4 buffe r .  They were then washed three t imes in the 

name buffer ,  counted us ing a modi f i e d  Fuchs Rosen tha l haem ocytome t e r  and 

resuspended. to a final concentra t i on of 1 .  'l X 1 06 c e l l/cm3 • Then a v i ab l e  

c o un t  w a. s  done on them us i ng plaq ue fo ma t i on o n  NM agar ( Curs ons & Brown , 

1 976 ) .  

For the tes t , a t o t a l of 2 4 . 6  cm3 of 0 . 0 1 M  ro4 buf f e r  pS.7 

containing the dea i r a d  c o n c e n t ra t i on o f  d i !'l i n fe c t an t  wa s d i 3 p e rs e d  in 
.. 250 cm3 s t e rilo Brl enmeyer flasks . Then 0 . 4  cm J  o f  amebae were inocul a t e d  

and t h oi!  f l<wks were i n c uba t e d  a t  25°C/)O m ins . i n  a G r i f f  i n  ( 1 00  series ) 
me chani cal wa terba t h .  A f t e r  '30 ru i ns . ,  1 0  cm) vas lii thdrawn f o r  DPD analys i s , 

a crystal of :-l'a thi osulpl'Ulte adde d t o  neutra l i z e  the d i s in.fe c t an t  (for C l2 , 

C 1 02 or o3 ) vhilst neut ral red/CaC12 was added to neu t ra l i z e  the �c . Then 

the re llla ining 1 5  cm3 was fi l tared through a 5 iJ!I1 c e l l ulose-:J.ceta te fi l t e r . 

The f i l te r  was th�n washed with some steri l e  PAS and 0 . 1  cm3 was di l�ted 

out in PAS and plaqued on NM agar , wi th En t e ro bac te r c loacae s e rv i ng �� the 

bacterial lavn. 

Isolation 

Water + soi l samples v e r e  col lect ed in 1 1  s te ri le Whirl Pak 

bags and processed according to ( Fig. 2 ) .  

ResuJte and Discussion 

Occurrence and Dis t ribution 

The results at this s tage of the s urvey indi cate tha t  of the 

pools and soils sampled , the pathogenic _li. fovlerl is compa ra ti ve ly w:i.de-

spread whi ls t pathogenic Acanth§moeba �· are of a re lative ly low 

frequency { Table I ) .  The results also confi rm that the m o s t  probable source 

of these amebae is the soil ( their preferred habi tat ) and i t  js i n teres t ing 

to note that of all the pools sampled, the ma j o ri ty of pathogenic i s o lates 
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have all o ccurred from pools with gravel bo t toms and s oi l bar�s , or 

s urrounded by brassed-in areas . All N . Z .  cases of PAM have o ccurre d in 

soil contami na ted po ols after pe ri ods of unusually wa rm weather and heavy 

rai nfal l . At such t imes i t  would be expe c te d  that s o i l  runoffs could 

contamina t e  the pool i�di ca tL� that the high risk areas are t hose pool s  

sub j e c t  to f looding and s o i l  con tamina t i on .  O n  the o ther �:d ,  pools i n  

whi ch no , o r  few ,  amebae have been i s o lated have been chara c terized by 

ei ther very good hygiene s t andards and managemen t or by a high sal t 

conc e n t ra ti on. Previ ous work has confi rmed that 1 .0 %  NaCl is amebi cidal 

( Cursons & Brown , 1 976 ) .  

Con t ro l  of PAM 

ways : 

I t  is elear that con t ro l  of the di seas e resides in three main 

( i ) by abs taining from swimming in those waters where it is thought 

that F FLA ' s  exi s t ,  

( ii ) by the use of good water hygiene pract i ce and part i cularly tne 

ex c l us i on o f  soi l or organi c ma t ter from pools , or 

( i i i ) by b l o ck i n.e  the U fe--cy c l e  of tile DJD( :':Ja us ing e i the r phy!:l i cal , 
chemical or biologi c a l  means . 

Her'l<.l i t  is s t rongly re commende d t ha t  all poo l s  bo conc re ted or pro t e c ted 

in s ome way f rom t he en try of s o i l  and flood waters . 

Tradi t i onally the pres ence of p!lthogens i n  po tabl e  wa ter supplien 

has been i nhi bi ted or prevented by the routine p ra c t i ce of d i s i nfection . 

Di s i nfe c t i on 

Experimental systems of d i sinfection were s e t up us i ng axenic 

cult ures of amebae to as certain the direct effec t of dis infec tants on the 

ameba e ,  indi rect e ffec ts are also beli eved to be present in nature . 

I n i t ially a breakpoint chlorination method was us e d ,  but the many variables 

such as sampling volume , t im e ,  pll , produced erra t i c  resul ts . A ba t ch 

t rea tmen t was prefe rred in that i t  would at lea s t  give some i nd i ca t i on of 



1 0 1  

what ini tial and res i dua l leve ls of the disinfectant �ould be req ui red t o  

b e  amebicidal . This wo uld also allov the c om pa ra tive q ua n t i t a t i o n  o f  

chlorine with the other common di sinfe ctants . 

Be cause both pB , tecperaturo and organi c content s e r i ous ly 

affect the aoe bicida l a c t ion of chlorine , i t  was deci ded to use 0 . 0 1 M  P04 

buffer to give a pil? .O at 2 5°C . This agree d  wi th the pH of most ho t pools , 

the tem perature was chosen as an average be t ween thermal and t empe ra te 

pools . The f inal con c en t ration of 1 . 92 X 1 0 4  c e l la/cm3 was chosen as this 

has been shown to be a fa tal dosage when administered i n t ra-nasal l y  to 

e i the r m i c e  o r  gu1 nea-pj gs . 

O bv i o usly the cho i ce of a pa rti cul ar d i sinfec t � n t  ri l l  be tied 

closely to the chem i cal and phys i ca l  compos i t i on of the wa t e r  to  be t re a t e d .  

From the Tables II  an d  I I I i t  can be seen tha t  t h e  dieinfe c t� n f s of choice 

for l'l'LA are both Cl02 and C l2 as we l l  as the �AC De c 1 q uam 222 . Each has 

i ts ovn advantages and d isadvan tages as l i s te d  in Tab le I V . The apparent 

inactivi ty of o3 May be ex plained i n  that these are only pre l im i na rJ 

resul ts and that disi nfec tion wi th this compound has been e x plained as an 

all or nothing phenomena , such that the ini tial ozone d emand may have been 

s o  great as t o  leave onJ y a low concen t ra t i on of res i d ua l  o3 for 

di s infec ti on , 

Under experimental cond i ti ons the total avai lable disinfe ctant 

wi ll be equal to the free avai labl e  di s infectant pri o r  t o  inoculat ion of 

the amebae ( Tables I I  and I I I ) . Table II a lso indi cates t ha t  Acanth§moeba 
�· gene rally require a highe r amebicidal concen trat ion of chlorine . 

These results correlate well wi th tho s e  of Cerva ( 1 97 1 ) who out of 1 00  

isolations from a swimming poo l  with a free chlorine leve l of 0 . 3  mgl- 1 

( pH7 . 4 - 7.6 ) isolated only 4 Naegleria i sola tes as oppos ed to the 54 

isolates of Acanthamoeba spp. However,  from that same pool ( from 1 962- 1 965 ) 

he reported 1 6  fatal cases of PAM caused by Naegleria . O ther isolations of 

amebae from chlorinated environments ( Cerva & Huldt ,  1 974 ; Chang, 1 974 ) also 

show that AcanthamOeba spp. are po tenti al ly more chlorine resistant than 

Naederia spp. 
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The control of these PFLA by the use of di si nfe c tants is further 

c ompl i ca ted by the presence of resistant cys ts in bo th gen era . De Jonckhe e re  

& van de Voorde ( 1 976 ) have shown the cysticidal concentration of free 

avai lable chlorine t o  be 2 �cm3 for 1 5  mins . for li· fo�le ri and 

)40 �·g/cm3 for 3 hrs . f or A· culbe r ls oni . No twi ths tanding the fact t ha t  

disinfectants are effect ive , if not totally s o ,  i t  i s  uncommon t o  find any 

con tro l led d i s i nf e c t ion programme in New Zeo. l and commercial  therma l  pools . 

There seem to be three basic reasons for this : a ) the problem cf 

con tro l l i ng dosage in hot organi cal l y  cru1rged W' :J. L E' :::.- , b )  cen t ,  and c ; t:1e 

potential removal of the " natura l "  as p a c t and prvper t i es o f  ther-�al lie. te rs . 

The e ff e c t  of di s infe c t ion against a.ffie bae is fe l t i ndi re c t l y  ·; i a  

the food bac t e ria as we l l  a s  di re ct ly . The survey curren t l y  being carried 

out has not ye t sh�n any quru1tita tive corre la t i on be tween bac terial 

numbers and pre sence or absence of amebae . A3 o ther variables may cumpl� c a te 

this pat tern a con t ro l le d experimental programme is being planned to 

e lucidate the problem. 
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tlo . of % of samples 
samplee + for amebae 

'!1 
ril Area water soil wa ter soil 
1>-4 

73-4 Hami l ton 88 55 50 80 

and 

74-5 Rotorua 1 6  1 6  37 . 5  50 

77 Taupo 1 6  1 6  75 1 00  

77 Hamilton 1 5  1 5  46 . 6  93 

% of samples 
+ for N, fowler� 

water soi l  

t " of •-Pl" 
+ for pathogenic 
�c::t�o�b�e �2D 

water s oi l  
- -

r-

--l 

I 

- l ---

I 

I 23 0 2 . 3  4 . 5  
I I 

33 62 . 5  0 0 

6 25 0 0 

-
' 0 26 . 7 0 0 

-- --� ----------� 

Table I I solation of amebae from water and soil in �ev Zealand thermaJ areas . 

,_. 
0 .c-



' - t 
inoculum 

Species/ 
W>..r · 1.. cells 

pH t0c TAC FAC CAC X 1 cf./C1:13 
strains 

tPlg�f' 7 . 0  25 . 0  0.79 0 . 1 6  (J.6) 1 . 92 

N. fowleri 
{MaT} 

7 . 0 25 . 0  0 .74 o. 1 9  0 . 55 1 . 92 

t· £!!S tell§J:!ii 
1 537} 

7 . 0 25 . 0  1 . 02 0 . 22 I 0 . 80 1 . 92 

A. s;fb2.ttsoni 7 . 0  25 . 0  1 . 09 0 . 1 4  I 0 . 95l . 92 
{A-1 

---- �--·---

Table II  Effect of chlorine o n  survival of axeni c amebae 

s urvivors 

No . % 

0 0 

0 0 

0 0 I 
I 

23 0 .032 

- -- �-___..( 
0 "' 



lnoc . <.:102 0:5 De ciquam 
cells 

mg . l-1 e 1-1 0) 222 10 

� X 1 o4/� 1 mg. H ml . l- 1 J.; 
t0c 0 0 0 

Spe cies/ pH cm"" initial final I> ini tial final I> ini tial I> ·ri ..... ·ri 
strain � � . � Ui 

N .  gruberi 7 25 1 . 92 1 . 1 I o .25 l'{o 6 . 26 0 . 075 + 0.05 0 
TPl 200f� I 

N .  fowler:l, 
TMBTJ 

7 25 1 . 92 1 . 6 0 .35" 35 N!i ND ND 0 . 05 0 

t· <;;§.Bte llani;!. 7 25 1 . 92 2 . 9 0 . &5 1 4 . 25 0 . 05 + 0.05 0 
1 537) l I I 

t· culbertsoni 7 25 1 . 92 I 2 . 5  0 . 6 0  '1 N D  N D  I ND 0 . 05 0 
A-1} I I .. 1 -----

-
Table I I I  Effect o f  chlorine dioxide , ozone and Deciquam 222 o n  axeni c  amebae 0 "' 



Cl2 C l02 

Disinfecting effic�ena,r Good Good > C l2 

optimUII pH 2 - 7 6 . 5  - E' . 5  
t
0

c 22 - 25 30 

reacts � + -
with erg. N + + 

reacts amino acids + -
with 

proteins + + 

toxicity high low 

solubility at 20 - 30
°C good v .  good 

reacts with UV + I + 

stability low high 

residual dis infe ctant + + 

cost I lo111 hig� 
----

I 

I 

03 

Good > C l 2  

NA 
0 - 4 

-

+ 

+ 

+ 

high 

v .  low 

-

low 

-

low 
- ----

QAC 

V. good > c12 

7 - 9 
' 20 - 37 

-

v .  low 

+ 

+ 

low 

I I v .  good 

-

high 

+ 

high 

-----·�-� 

TABlE I V  Comparison o! the characteristics of chlorine , chl or1ne dioxide , oz cne � d  Deciquam 222 

i 

0 -· 
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mv�nt , brQaJ Wr i nk l ed  cysts, s l ow .,��n t ,  1 pseudo POds I iCantNpod l l .  r-Phqut fonMtlon • 
+ Phqu• fonutfon 
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Fig . 2 .  Fl ow diagram of test s t rategy for the .t a o l a t i on LUli.l. i den t i fi ca t i on 
of t he aetiologi c a l  agen • s  of P�� and closely rela t e d  s peci e s .  
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