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Naegleria fowleri ¥ o] o] 3t ulew oo
g A=A o7

HERAE A BBHIB IR Ak ERABBESR

E: 3

i

HARE BRAR FERBHE

=

A =

=

Naegleria fowleri= 8+, 34, 37, 83, 9
A, A%, EYF Exvl 5 Ad3AdA FeHde
v}, Derrick(1948)¢] 23] #{1%&e] 24 ofull upA4
] 4~9}< (primary amebic meningoencephalitis, PAM)
9] ol WHAAE BuF old AfFAL ohuluiel
g BAel mzszm Aok o] opvupd M
T4 Adez dlHY FrE Fdo v H =
5L 23 Bos cot(Lawande et al., 1983).
S3o WAl FAANA SFAA A9 dA S
Holg AL YA 2a Mg ol £ oFE
A ¢ gL F AR Ao, HFeh w4 7
A FE7re] AANME £ A S WG w52 A&
Hol Zstslmd 2 g Fel e Hash FshE A,
Tgo] dadc o e FF—IAF FAEF E
2 ufexo) QolA A=A Toxoplasma gondiiol
Wk A9d d9& FdsAE A AEsdel W
g0l HEANGE AFAA F L] Busdn
(12, 1980), =3 vl-$~7b Naegleria fowleri 713 ol
Heted W 5 gl do] 2wl lch(John et al., 1977;
Thong et al., 1978b,
Naegleria fowleriS H-7bWol Fl3le] ¢lgH oz o
Adx vl 7t Naegleria fowlericl wl7h 7hd ol A
A& At e ¥ 3759w (Thong et al., 1978a), *
&L wlokgt WA g B4R F93te] A
2 WAz vt 927 Nacgleria fowleri® vl 7hi 7t
Aol A q.}xg 2 73 5 » 35 vk (Thong et al., 1980).
B F= 7 or w3l Naegleria fowleri *-‘g‘
332 o Feldled i Her WAzl ebf
o) A Naegleria fowleriZt ol & ey 53*304
v5 B

1979b & 1980). = Aopdl+

—F R F¥

HEME o ¢y

1. Naegleria fowleri
Naegleria fowleriv 03595 (Belgium2] Prince Leo-
pold Institute of Troptcal Medicine®l Dr. J.B. Jadin
SR FE FEe 2DE Agsglen 36°C g2
ol 4] CGVSut = ((Willaert, 1971) & 3w fsto] =
Aoty & Al Naegleria gruberi= EGBF(v] 3
3i-8-2] Brooklyn #} & Dr. F.L. Shusterg %-¥ ¥
whe Z) s CGVS whA = 25°Cell A uf ok =] ¢l o}
2. HESE
At8-9 BALB/eub$- 2= AHA Hel o T4 o
o Agsidx HAF 20gm Hejd AL AL
% e+,

3. &R =
[e)

Wl o=l N. fowleri %% 2 5% formaldehyded] 4]
07 AT F AeAdgz Ay Al sted N

Sowleri <3 oFd Yo A& vh =8 N. fowleri
ogofg Alxatgsla MEd S5 FY99) Az HH 9}71
o] A} @& N. fowleri ¢19F8 & Tris-Hel 25
Al A F st 4°Cell A 1,000rpm o & 153
AAA 2 AAE 0.0IM Tris-Hel &9 o
A mlg obellu} Frb 2x 10707 A8 4°C
sonicator& Al L. u}& s} A ok o slo] HEFH S
7tated 37.5mle) WA 3 4°Cell 4 200g2 3%
A A ste] AFZH & 3 st 0.0IM Tris-Hel 59
o Z A 23} 50% sucrose £ & r}dta] sucrose FE
7 10% st A 6}214 4°Coll A 1,000g2 2027+ A

AAE ] 2 AFNS AZTHEETFE o2 A8t x
2 Aas Hliu-h%}xgi Ap-gshgd o

N. gruberi 443 FAe wMFrlodA AAGE N.
gruberi 4 %3 & 5% formaldehydez 308 =33 ¥
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° 2 do > o
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Az A A Rl

4 8 o
N. fowleri 3 X3 F U= N. gruberi A3 gL
T4 Aoz AW vzl B Fe)sle] uf
2% A4 old w3 A&d olou} & 2
FFY IX10%0 gow, AMzagdst A oL
e Y Folake Az Jokd 1x1090 6] & 23}
ool ol =t

5. Naegleria fowleri2| 2t
W7k ez 22 wd4qe Eojdz dF9 §
N. fowleriZ v}$-2 w7} 2 72+ A7 b, N. fowleri
QGFd 5x10f M7 FH= P54 5415 secobarbital &
w35 BALB/cnl$£29 22% u|Ze] wWolmelx
op27b wha oA Ao G A WA E g el o)
2485 secobarbital®) & wl$2~ A E gm 0.05gm
oA utg a2 ER 7 Foste] uhA A

6. Y ntAol HxZ 1H

N. fowleri® Z¥4 A7z 259 F7= spfg29 9
A e, A o EE ol s A v
+ ¥ z3 9P E hematoxylin-eosin W ato] 2z A g
Welshd wshel 2A R ofnfutel EA o Rx
obg2 Hastylo.

iroo N Ho nl

d4E 45
1. OtmiHbYg S4=9t @y
N. fowleri% vt ¥} E Eohe] A A7 89
BE owhfxrt Abeby] A Rsgdeh dse] oy

E3 FelA Adh ¥} feAenE B
AA40 2HARE AP Edse] BeAu Ao A

@ ool e So obl %Y ¢ AEE F YA

1 Eale)
U W T

trophozoites

Naegleria fowleri
with inflammatory cell infiltration are obser-
ved in the mouse brain (x500).

Fig. 1. Numerous

Table 1. Mortality and survival time of mice infected with Naegleria fowleri in each control and

experimental groups

Cumulative number of dead mice

Group  Antigen in each postinfection day Mox;tality S.urv’iza\‘li Remark
8910111213 141516 17 18 19 20 21 22 23 U0 me(day)
Exp. 1.
Control — 15 8111517 19 20 20/20(100 ) 11.3#£2.07
Immunized N. fowleri 2 5 7 8 910 10/20C 50 ) 14.9+2.60 p<0.001
troph.*
Exp. 2.
Control — 13 5 6 8101112 14 15 16 17 18 18/19( 94.7) 13.4+3.65
Immunized f\f ﬁowleri 1 3 5 7 8 8/19( 42.1) 18.3%2.55 0.002{p<0. 005
roph.
N. fowleri 2 3 4 6 8111213 14 15 16 16/20( 80 ) 14.7+4.21 0.2{p{0.5
memb. Y%
N. fowleri 1 2 3 5 6 810 11 12 12/16( 75 ) 17.8+3.56 0.002{p<0.005
cell con. #
fV. ghruberi 1 2 4 6 81112 13 15 15/18( 83.3) 17.8+3.78 0. 002¢{p<0. 005
roph.

Remark * Naegleria fowleri trophozoite
¢ Naegleria fowleri trophozoite membrane

¥ Naegleria fowleri trophozoite cell content

** Survival time of dead mice due to primary amoebic meningoencephalitis from infection to death
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SokH o 8 o = 237 9QXE hematoxylin-
eosingd Al &ted JAG ub FALFA 2 A A Fol
AN o) F Al LAtol o) whe opul] ul < 4 Eo| cluster
& A8tz ol Hle] AstA A== A xAY
o vacuolee] B2 AHYAHQ N. fowleri &3 Fol
#3259 A3 (Fig. D).

ALE v s of AL o e ¥ utele 237
&7 5 A ddde] A" A= sk
2. OfA AYED YEJ|I2
ARt s BE fubg obe vk S grbd
o] AN EE & F AT 2F AFE ohuupAd
ADE LA E ] gk Agg shfze glel 24
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N. fowleri 7t o2 3 w29 AREE 2
z2Fd A 100%, 94.7%%. 3L, N. fowleri < %d
Heygd APTFolN 2 Aol A9 ‘;%OM
50%, 42.1%9 . =& A Z4FYs A2 S5
ez Mg AP FaME 72 80%, T6%EM ‘H}_
FROE Abdgo] ok dH N. gruberiz w9 A
71 AP Fol A 83.3%24 HzFH £ Aozl gl
9l et

N. fowleri 7Y ¥ Ad WA AEAALEE 2
o] Wl zFel A BFF 11.3%, 13.48 o1 sl ek N. fowleri
Jofi oz WA APFAAE T 14.99, 18.3
gz dz2F A&/} vag 9 2 et 9l
g Azagden WYdAZ HATAe IHE

AT Aolo] AAd o7} 9l e (Table 1). 147224 H2F Fol7 ddevt, AMZREET
100 [ e o
.‘o.-.

75 o Control
o o
o
(3] K
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2 e
° 3 ./ﬁ Im-Nt
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0 #
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Fig. 2. Survival of mice infected with Naegleria fowleri in each control and experimental group, mice
immunized with N. fowleri trophozite (Im-Nf), N. fowleri membrane (Im-Nfm), N. fowleri cell
content (Im-Nfc) and N. gruberi (Im-Ng) by postinfection day.
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Ao fAdAz AFTLAAE =T AEAZ
 w] wslw Apolzk ulvh. w3 N. gruberiz w1 Y
A AL TAAE Adg wpg29 YEI| ) AF
o] ¥4 17.89 ] 9l =} (Fig. 2).

.T'_ &

N. fowlerits A-fA 531 obu ub =4 kA obuf| ulA
s tede] ol WY Y939 o] Derrick (1948) o] ]3]
Ag wEHY, 013?1 A, 2%, F, 459AF
B FAA ARFAE opvlutrt A& W g g
Wongs (1975)°1 23t A" ofwlele] WA
L FER), M 22, $F9Y 48, H9Y g %
g 2y me AdAs s dRlelv Ad FE =
ot "«‘-"‘ﬂv— 3t A o

WAAA g ARYEHE opwlule] HG FL ATE
J—7]' Qom, vt ds EEF1976)0] AEAY
of 4] HA5E AdAAA £ #AAsq 2
Py 0151_ 5 (1978) & A Fukge]l £
7 & ol4d F v A& A 1
o, &% (1979)% Phytoagglutinine] &3 &Au
AR H ofvlube] WY AR L ATE v
or, #85(1980) = Phytoagglutinintﬂ] 93 &3
ol A3 AAHwAA AAZA 2 WAdHA JAE
AF B3gk wk 9ok

Ay obeutyd Hyd e F2 ojdloly F2
H 2ol 4] =], Martinez§ (1973)9 Ao 93
o 2 AEAZE v AAT 53] FAGE Fo
8l AAEE AXAA FARE we AFE AY
Aoz olggtrtxy gt o] FHL F£YY

AR FAAcR wsA, AL
24, TEZ AFA3te ARATFAE °a’
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Hx glow o AZel do 4FYU AFA
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T RE AT AER 2xm geov
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A g g B
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qe) F7 9 fA7 o ARl @
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oS Mol Zofw Eon
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Fob WA g FAdA S ddA Hg L
T A WY ek W& g =E ¢34
T YL A dHA Adoelw, 39 A E7le
AdAE 53 A1 A5 A 552 AgHPe] 73l
G5l 2 A Fel g Wa b FEE A Fe] o
slvt. Haques (1978) 2 F& Aoy} g Fo o
Dipetalonema vitae] ©]3& hamster®] 7+ o] Ad}
Az 3P enf, Murrays (1979) % ¥ A o Nippost-
rongylus brasiliensis®] F% oz HIAAAL o
2 AAEY =AW AY5rt dA3 paddn 5g

]

g

ot ARAE ofelubel] W FFo wWodukge] #Y
A+ z2ME Cerva(l971) 7t Naegleria fowleris
guinea pigd ¥ FEAZ F 2AA G A@ A
A wAadaree mwagx, Culbertson (1971)2
Acanthamoebe species® E-73W HAF wodg vffaf
Hl7hy BgA7] A dgntdel F4E e ARE T
Ao}t Naegleriaol A AFHe Hsts AFE 4
Az g 28y 3 AdamsE (1976)2 N.
Sowleriz. B74 =& ANz AF A9l vhvad
£ H9e AFAAAN A AFHo] S AYA2
o). ThongS (1978a)% AolglE N. fowleriz 5
Zd AFHgd w2 aAE ARG F
Hg alggo] @A Fastgetn syl Thong
S978b) e AL A TP Foud A
ZAAN A AGHeo| Ay ALHg ot ddd
shtae] WA LE HgW FUTF AFD AL
AeE AgHol AA F%ee nz dgch =G
Thong % (1980) & N. fowleri lysate® 7l A %3t
o Moy upoxo v AW E FEdAZ A3} ATE ]
WA a2 N fowleri i & 34 T
WA Aol 2 whpa Ababgo] @A sty ““’T’
53] Wl g F FA kel 200,000 o el 5’—% A
i] AN 03’{] AR a 73'1‘ H o] 100/ “fiﬁ"s}
At £ AgdAE 5% formaldehyded] Xhz_ N.
Sfowleri 3 ¥3, = xﬂi‘ﬂ wE A ZWEES 24
] 7(}LHE N. fowlerz 7u

%E fﬂfi 3] JiffPS’i‘:‘r-

Thong% (1979b)ell ol3tw 4ot & N. fowleri <4
dPoz HGgAZE o Polwde Amrb wFoldf
218k wolml o Axe 1.5~3weol Gt Bzt
gt geinid & & EA 7] g b maspAal
g mebA el e ot
F Aeg A4dAT. B AGA
e i"d Hl 44 ARYE o HM N. gruberiz.
H74d F9 298 vhe-29 Aoz deimH ol 4
7= 7}4\33 p}p}\;}v—t] o] N. fowleerJr o
olul gglo] g W Fal Ho2 s

Thong%(1978a)el 2abw Aol N. fowleris,
gy B Fgstd] 9dA vhe-a Tyl B3
Fq 1A w2y gl Fxe & Zolst
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42
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pra
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A
%ok -4
i
2
L
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rl

u}J_ 3kl ., w7+t Thongd (1980)e) ofstwd 4otsl

= N. fowleriz o1& (3~43]) H7A4HW + J w9 A
7 w2 A wejH o] gl Aeoer HwHg
o} 0] ¥ Thong% (1979a)e] 2] &t=l, N. fowleriOI] &=

Fof Wdgdutk3E HA3e oy 71A S N, fowlerid]
Sl A g9 -2 capping and internalizationsl= 57
o] 971 #Eelstzm xRzdlgeh zzlv Thong%
(1979b, 1983)°] ool &3td N. fowleri] wj oFq]
ez %A F9 AN Bea ARG 3
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sgth % delA7Ed A4E Feel @t woiwd
N
Aol AL 17 242z Al 99 A Ed, 0

o] i weolwly Y59 Holrt A it
2 3

N. fowleriv o2l A3 FEA v 74, 54 7&‘41
Ay, a0 wE Zgud A4 Fdsd
Aol gleo] utalal 9lvh(Butt e al., 1968; Culbertson
et al., 1968; Carter, 1970). =z&8d E7v A F =
B 4 ook, AdamsE (1976)¢] o &w A AW A
FUqA HE 22 Fud AgdAd AgHo| 4
A& Bostg ok zev vl ez v et
o] qizkol A7 &= YA oo utA gt FAbst
7] W ol AW ztd oz Ao d o] o)
H5(1980)2 FFo A Ee)d  Acanthamoeba species,
YM-49] F&4 Fhoz Il AF W9 F ¥
AZZAA APl FAHLe Rustgrh. ol o
N. fowlericl w3 dolzlde] glete AbAo] gol B
759l 2} Thong% (1978a)2] Mol &by Aolgl
= N. fowlerio]l 918 HFHd 3F:F] v 3W 24

& AgHol Frts ot 7FFo w4 A
A& Fabel A velvz £A4A Heov A RE
mharh BFE Fege Aol madglid. & ol
A gL g7 wdo] ofel Al wldole}
T Aol Aapstaz glek. Thongd  (1983)] 4o
91?‘5]'“& o] 247k & N. fowlericl i “0‘01"4"3 & FA
7 & AgE st 2 o gen F A v
A ool A obel ubE Holx] EEHA 3?"4 ofuf up7}
FEEAAA B o] E3E A& FEE Flo, classical
pathwayol] 93 2Al & B} A43ANAH 9F v$ e Z7}
AA, AR L7 N. fowlerid] 7 §3le] cytotoxic
mechanismeof 23] N. fowleri—% Zol vtz A3y ot
wd fdddl vhSze e GFuSel o8 u AL
o] oz urbAl =k 3}951‘4.

AAd ot vty HAetde] A8 RA o] A &
a¥o] Axsxz oy dAAzAE Fld st gl
E Aoz dyAlz o Carter(1969)= & 3 3
o] A vt amphotericin Bl &77F 9otz &+ Jami-
eson(1975) & clotrimazolex. ¥ &7 gslcha gty
v}, Thong% (1977)] 23819 tetracycline, rifamycin=}
miconazoleo] A4 o] Aq N. fowleri®) 43& 9
A F gt st obF AR AR MY 2 &
Ae AdAHA Kz vt o9 ol oA E A Hel
g el len® dud W dFst drdA
A °”1 55 gt HA dlwtonA o wFast A

3 ok Q&5 Plasmodium berghei (D’ Antonio
et al., 1970), Toxoplasma gondii (Krahenbuhl et al.,
1972), Trypanosoma rhodesiense (Duxbury and Sadun,
1969) SollA =F FEd AT AddWFaAE 49
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gk ool yp At ggol Bas . gl 2 A A
o)3lel N. fowleri &9l & % ‘d%—/‘] o]y
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w guted o) o who] 7}&3% vaccined A 5 S B
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b+ of
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Fe e FAAZR e ool A4 AL
FAs gl o
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of HMAH L AXY + YA
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F A8 voked, Aol AGE AR o PE7
ZE A A7 APLAA Azl dF4EHoud,
N. fowleri Al 2 gd oz Wd A7 AP ToAE= o
273 v 2ge FHelst Q. =& N. gruberi
d oz HAAY AFTANE YE7 2ol A=
o}, ol 49 A& g8ty N. fowlerii vlfx &
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T At
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Protective immunity against Naegleria meningoencephalitis in mice

Soon-Gone Lee
Department of Obstetrics and Gynecology, Soon Chun Hyang University Hospital

Kyung-Il Im and Keun-Tae Lee
Department of Parasitology, College of Medicine, Yonsei University, Seoul 120, Korea

This study is to verify the protective ability against experimental Naegleria meningoencephalitis by
immunization with Naegleria fowleri in mice. Naegleria fowleri, strain 0359, and Naegleria gruberi,
strain EGB, were used in this study, and cultured in CGVS medium axenically.

Inbred BALB/c mice, weighing about 20g, were immunized by three intraperitoneal injection of
1Xx10° N. fowleri trophozoites at the interval of one week. This N. fowleri trophozoites antigen
was fixed with 5% formaldehyde. N. fowleri trophozoites from culture were homogenized with soni-
cator at 4°C as monitored by phase contrast microscopy, and their membrane and cell content prepar-
ations were made for the immunization of mice. Their inoculation dose in volume was equivalent to
the 1x10° trophozoites in each injection for immunization. And N. gruberi trophozoites, which was
fixed with 5% formaldehyde, were also used for immunization. Mice were inoculated intranasally
with 5x 10* N. fowleri trophozoites in a 5ul suspension under anesthesia by as intraperitoneal injec-
tion of about 1 mg secobarbiturate.

Nervousness, rotation or sluggish behaviour were observed in the mice which were infected with
N. fowleri. Necrotic lesion was demonstrated in the anterior portion of brain, especially in the olfac-
tory lobe. The inflammatory cell infiliration with numerous N. fowleri trophozoites was noticed.
This pathological changes were more extensive in the control than in the experimental groups.

Mice were dead due to experimental primary amoebic meningoencephalitis that developed between
8 days and 23 days after inoculation. Mortality rate of the mice was low in the immunized experi-
mental group. Mean survival time, which is the survival duration of mice from the infection to
death, was prolonged significantly in the immunized mice except in the mice immunized with N.
fowleri membrane. Even in the mice immunized with N. gruberi, survival time was delayed.

In summary, the effectiveness of immunization is demonstrated in terms of protective immunity

against Naegleria meningoencephalitis in mice.



