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EVIDENCE THAT BOTH NORMAL AND IMMUNE ELIMINATION
OF SCHISTOSOMA MANSON!I TAKE PLACE AT THE
LUNG STAGE OF MIGRATION
PRIOR TO PARASITE DEATH

DAVID A, DEAN anp BEVERLY L. MANGOLD
U. 8. Naval Medical Research Unit No. 3, Cairo, Egypt

Abstract.  The number and distribution of autoradiographic foci observed in this and
previous studies following percutaneous infection with **Se-labeled Schistosoma mansoni
cercariae indicate that the lungs are the principal site of worm elimination in both normal
mice and mice immunized with irradiated cercariae. It was observed in the present study,
however, that the intensities of the autoradiographic foci produced in the tungs during both
the normal (early) and immune (late) phases of elimination were identical to those of foci
produced in the livers of the same mice by larvae shown 1o be alive. In contrast, foci
produced in the lungs by heat-killed, intravenousty injected, lung schistosomula became
smaller and fainter with time, disappearing completely between seven and 10 days after
injection in normal mice and beiween four and six days in immunized mice. These resuits
indicate that although the targets ot both normal and immune elimination do not proceed
beyond the lung stage of migration, they do not die in the lungs. A possible explanation
for this paradoxical situation, for which there is some experimental evidence, is that
unsuccessful migrators leave the blood stream, enter alveoli, pass up the trachea, and are

eventually digested in the gastrointestinal tract or eliminated from the body intact.

In the first applications of the autoradiograph--

ic tracking method of Georgi' 10 the study of
schistosome migration, it was observed that
pearly all Schistosoma mansoni larvae that pen-

etrated the skin of either naive mice (C57Bl/6))-

or mice immunized with irradiated cercariae
eventually migrated to the lungs.?-* It was there-
fore concluded that the failure of half or more
of skin penetrants to survive to adulthood in
control mice, and the additional loss of worms
in immunized mice, could not be explained by
the death of larvae in the skin. In the immunized
mice, migration to the lungs was delayed for sev-
eral days relative to controls. At two and three
weeks after challenge infection, the number of S,
mansoni detected in the livers of irradiated cer-
caria~immunized mice by autoradiography was
fower than in coatrol mice, and this reduction
was accounted for by increased retention in the
tungs. This observation did not prove that im-
mune elimination took place in the lungs, how-
ever, because it did not rule out the possibility
that migration {o the liver or other sites was only
delayed, with elimination 1aking place in these
sites at some later time.

In this study, we extended the period’of au-

toradiographic quantification of migrating schis-
tosomula to five weeks; low temperature expo-
sure of film was used to improve the sensitivity
of larval detection.¢ In addition, we attempted

to distinguish- between autoradiographic foti

produced by live and dead schistosomula by
comparing the optical densities of individual foci
with those produred by known live and dead
schistosomula. These observations were carried
out in C$7B1/6) mice that had received no, one,
or three immunizing exposures 10 gamma-irra-
diated cercariae. The results, together with those
of previous studies, enabled us 1o distinguish
temporally between the phase of worm elimi-
nation during which half or more of the worms
in the body are ¢liminated from naive and im-
munized mice, and the phase during which half
or more of the remaining worms are eliminated
from immunized mice. The results of the optical
density studies indicated that most, if not all, of
the schistosomuia detected in the lungs by au-
toradiography during the periods of both normal
and immune ¢limination were alive. Microscop-
ic observations carried out as part of this study’
as well as those reporied previously®® (except
one'?) failed to detect damage to lung schisto-
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TanLe 1
Experinental protocols used in this study

¥

Tsunenization

i [ lod 3 Ctulicage
Age of ausice
kap nu, {wecka)* Day No. Day Na. Duy No. Dey Nag,
] 7 0 1,000 9t 520 119 710 144 1043
2 9 [$] S13 28 533 36§ 511 84 116%
3 8 0 1,000 87 551 122 339 15t 1354
158 1204
4 12 0 539 101 553 129 572 154 153
162 £ 508
s 6 0 1,047 50 1384
® Age of mice a1 the beginaiag of the experiment.
1 Avciage number of SO Lr-trradigied Nehiasomia wansoni cercarise watd for 3 1-hs eapusure by tail i ion, P angsd fom T9%

1 Yb%.

§ Average aumber of live PSe-labelcd cercanac that penetiated the skin dutiag a 1-hr cxpasute by il immenioa. Peactration rangod from 9%

10 Y9%.

§ Mice immunized once in experiment 2 recetved wnly the 1hird immuaising eaposuse.
1 Approaimiate nuniber of heat-kitled PSe-labeled schistosumuta injecied into the tsil vein.

somula. In addition, it has been observed that
after some time in the lungs, a significant pro-
portion of schistosomula are found in alveo-
W1 Ay a possible cxplanaiion foi the si-
multaneous relocation 1o air spaces, absence of
detectable damage, and disappearance of schis-
tosomula, we (avor the hypothesis that an im-
portant mechanism of schistosome :limination
from both normal and immune hosts is the ex-
pulsion of intact, possibly live, schistosomula
from the lungs via airways into the gastroinies-
tinal tract.?

MATERIALS AND METHODS
Host and parasite

Female C57BI/6J mice (Jackson Laboratories,
Bar Harbor, ME) were used in all experiments.
A Puerto Rican-derived strain of Schistosoma
mansoni'® was used. Cercariae used for immu-
pization were exposed 1o 50 kilorads of gamma
radiation from a cesium-137 source al a rate of
1,300 rads/min. Both immunizations and chal-
lenge infections were administered by immersing
the tails of restrained unanesthetized mice in 4.3-
mi suspensions of cercariae for approximately {
hr. The number of penetrant cercariac was es-
timated for each group by subtracting the average
number of cercarial bodies left in the exposure
tubes from tle average number of cercariae in
the original suspension. The age of mice and the
time and size of immunizing and challenge ex-
posures in the various experiments are outlined
in Table 1.

Autoradiography

Radiolabeled cercariae were collected from
snails exposed four to seven days earlier to a -
hr pulse with 20 pCi of "*Se-L-selenomethion.
ine,' ¢ %3¢ Macroautoradiographic scoring of
migrating worms was performed by exposing x-
ray film (XAR.5; Eastman Kodak, Rochester,
NY) in the presence of Lightning-Plus intensi-
fying screens (Du Pont de Nemours, Wilming-
ton, DE) 10 squashed dried preparations of mouse
tissue for six weeks in the dark.'** Exposures
were carried out at room temperature in all ex-
periments except number 2, in which they were

" Earried outat——196°C. Afier development, foci

of reduced silver were counted with the aid of a
light box and magnifying lens.

Preparation of heat-killed lung schistosomula

Lung-stage schistosomula were obtained by
exposure of mice to 3,000-4,000 radiolabeled
cercariae and recovery of schistosomuls seven
days later by mincing and incubation of lungs,?
The schistosomula were killed by suspending
them in 1.0 ml of Earle’s lactalbumin hydroly-
zate medium (Gibco, Grand Isiand, NY) con-
taining 5% normal mouse serum ina [ 2-miglass
conical tube and immersing the tube in a swirling
50°C bath for 5 min. They were then diluted with
the same medium and 120-150 schistosomula
in 0.4 m! were introduced into each mouse by
tail vein injection.
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TabLe 2
Detection of Schistosoma mansoni by autoradiography and portal perfusion®

Nu. of
aduli
Days Nu. ufirs wc::.:::; by No. ol Totai re.
after Tudsuted putu! .f)qg (::::'.“ 5..‘:)“‘ covered p;u
Exp chat- No. af Cercans petfusi &aci (rocan 3
no. tenge mice expuILics {meag £ Sk‘.M) Shin Lungs Liver SEMjt
| 21 7 0 25.1 £ 40 1.9 203 4.7 £ 0.6 17205 3341x45
8 3 4.6 £ 09 4.4 % 1.1 19.9 £ 3.0 1.9 206 308 £ 3.7
43 8 0 39.8 £ 1.4 ND ND ND ND
8 3 10.s £ 1.2 ND ND ND ND
2 21 5 0 360+ 25 ND 84 123 1.0+08 454230
3 { 136 £ 2.5 ND 26.4 £ 2.4 1.4 204 414131
5 3 56+ 1.4 ND 298 £ 25 10204 364125
28 5 0 430 + 2.7 ND 56209 08205 494227
5 i 148 = 1.4 ND 15824 0806 314236
5 .3 78+ 16 ND 254 20 10200 34212131
35 6 0 458 + 5.2 ND 13209 25204 51,7153
6 ! 145219 ND 123+ 1.8 05205 213228
6 3 55216 ND 128+ 16 03+£02 187120
® NI = not detennined.
1 No, sdult worms recavercd by portal perfusion plus the total no, of diographic fucl ¢ 4 in the tail skin, lungs, and liver afier perfusion.

Adidt worm recovery

Worms were recovered from the liver and
mesenteric veins by portal perfusion. At three,
four, and five weeks afier infection, the total per-
fusate was collected in tubes and erythrocytes
were lysed with saponin,?® At six weeks or later,
worms were collected on 135-u Nitex screens
{Tetko, Elmsford, NY).2*

Optical density measurement

Optical densities of individual autoradio-
graphic foci were measured with a Model TD502
Macbeth transmission densitometer (Macbeth,
Newburgh, NY). Each focus was centered over
a |-mm aperture and visible light from a tung-
sten-halogen lamp was passed through the film
to a detector supplied with a digital readout, The
net optica} density for each focus was obtained
by subtracting the mean of 20 backgréund read-
ings taken from areas between foci on the au-
toradiogram of the same tissue sample.

Statistical analysis

Differences between the mean worm and au-
toradiographic focus counts of control and im-
munized groups ol mice were cvaluated for sta-
tistiva! significance with the two-tailed Student’s
t-1est. Differences producing P values less than
0.05 were considered sigaificant. !

}

RESULTS

Numbers and distribution of challenge
S. mansoni

The numbers and timing of immunizing (ir-
radiated) and challenge (unirradiated, radiola-
beled) cercarial exposures for all five experiments
are outlined in Table 1. At three weeks afier
challenge infection, similar total numbers of
WOrms were dctccled in control and immunized

““mice by a combination of portal perfusion and

autoradiography of the skin, lungs, and liver (Ta-
ble 2). The distribution of worms was different
in the two groups, however; immunized mice
had more worms in the lungs and fewer in the
liver, The recovery of worms from immunized
mice by portal perfusion was reduced relative 10
controls (P < 0.001); the total number detected
by recovery and autoradiography was not sig-
nificantly reduced (Table 3).

Afier three weeks, the total number of worms
detectable in the lungs and liver by recovery and
autoradiography remained the same or increased
slightly in contro! mice, but decreased progres-
sively in immunized mice (Table 2). The de-
crease observed in immunized mice was entirely
accounted for by a decrease in the number of
autoradiographic foci in the lungs. As in control
mice, only one or two foci were retained in the
liver afier portal perfusion, and all of the worms
recovered were alive,

TEPTORIY VYT
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Tasiz 3
Reduction in the number of worms detected in imimunized mice compared with controls

% roduction
Days after freadiaied cer- Ponal per- Towl recoversd
E1p no, challenge caria capusuies  fusiun recovery r phus focs® L4
| 21 3 81.7 <0.001 7.8 >0.5
43 3 13.6 <0.001
2 21 ] 62.2 <0.001 8.8 031«<pP<OA4
3 84.4 <0.001 19.8 0.05 < P < 0.01
28 | 65.6 <0.00t 36.4 0.001 < P < 0.005
3 81.9 <0.001 0.8 0.005 < P < 0.0
3s ! 68.3 <0.001 47.2 0.001 < P < 0.008
3 88.0 <0.001 63.3 <0.001
3 64 3 65.9 <0001
4 41 3 753 <0.001
5 28 ! 60.8 <0.00!
* No. of adult wurms recovered by portal perfusion plus the wial no. of auloradiographs faci & d in the il skin, fuags, sad liver afer
perfusivn.

o

Changes in number and optical density of
antoradioaraphic foci produced by heat-killed,
intravenously injected lung schistosomula

The MSe-labeled schistosomula recovered from
the lungs of normal (unimmunized) mice were
killed by heating at 50°C for 5§ min and injected
intravenously into control mice and mice im-
munized three times {experiments 3 and 4). The
lungs of these mice were then removed at two-
day intervals and autoradiographed. In control
mice, the number of autoradiographic foci de-
tected did not change significantly for four days
and then decreased steadily thereafier unti! day
10, at which time nearly atl had disappeared (Fig-
ure 1). The average optical densities decreased
by approximately half over each two-day inter-
val for the first six days, and then leveied off at
the minimum detectable level, In immunized
mice, foci were eliminated three to four times
more rapidly: the number and average optical
density on day 2 were comparable with the val-
ues of control mice on days 6-8.

Optical densities of autoradioaraphic foci
produced following a percivaneous infection

The frequency distribution patterns of optical
densities were determined for autoradiographic
foci in the lungs and livers o! percutaneously
infected mice during the periods of normal and
immune elimination. To facilitate presentation
of data and comparison of groups, the optical
densities obtained in these studies were arbi-
trarily divided into ranges and assigned to the
series of categories defined in Table 4.

Period of normal elimination. In experiment
3, focus optical densities were determined for
control mice at seven, 14, and 21 days afier in-
fection and compared with the densities of foci
produced by intravenously injected, heat-killed
lung schistosomula derived from the same baich
of labelcd cercariae. The killed lung schistoso-
mula were injected approximately 2 hr before
the day 7 autopsy. As observed in experiment 4
(Figure 1), by day 7 afier injection, most foci
produced by heat-killed schistosomula had dis-

-appeared in control mice, and all had disap-

peared in mice imnmunized three times (Figgre ———-—~ -
2). In control mice, most of the remaining foci

were faint, with 86% belonging to optical density

categories 1 and 2 (Table 4). In contrast, on both

day 14 and day 21 afier infection (seven and 14

days, respectively, after injection of killed schis-

tosomula), less than 5% of the foci produced by
schistosomula from a percutaneous infection were

in categories | and 2.

Perlod of immune elimination, In two experi-
ments, the percentage distributions of foci among
the various optical density categories were com-
pared 21 days after a percutancous challenge in-
fection in control mice and mice immunized once
{experiment 5) or three times (experiment 4). In
both experiments, the optical density distribu-
tion patterns for the lungs of control and im-
munized mice were indistinguishable (Figures 3
and 4). In addition, the optica! density distri-
bution patterns for the lungs of both control and
immunized mice were indistinguishable from
those for the livers of the same mice. In exper-
iment 4, optical densities were also determined
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Figure 1. Number and optical densities of autoradiographic foci detected in the lungs of control (C) mice
and mice immunized three times with irradiated cercariae (I) at various times after intravenous injection of
approximately 250 "Se-labeled Schistosoma mansoni lung schistosomula killed by heating at 50°C for 5 min
(experiment 4). Arrows indicate the mean optical deasitics. The number of cptical density determinations was
less than the 1otal number of foci (inset, N = control, I = immunized), particularly at early points, since optical
densities were not determined for foci sufticiently close 1o each other to produce convergence. The combined
data for two mice are presented for each point. (Negative optical densities were obtained for a few foci that
were less dense than the average background, but ntore dens¢ than the background in their immediaté vicinity.)

28 days after challenge. Again, there was no de-
tectable shift towards lower optical densities in

the lung or liver foci of immunized mice, or in-

lung foci in comparison with liver foci of the
same mice (Figure 3).

DISCUSSION

In the following discussion, a distinction will
be made between death and elimination of schis-
tosomes, Death will be used in the usual sense,
1o indicate the disappearance of vital signs such
as morphologic integrity and motility. Elimina-
tion will be used in a restricted sense, to indicate
the disappearance of autoradiographic foct, e¢i-
ther through the dispersion of radioisotope from
the neighborhood of disintegrating schistosomes
or the loss of intact larvae from the body. On
the basis of previous observation,* >+ 2* it will
be assumed that the assay procedures used are

sufficiently sensitive to allow detection of alf fiv-
ing worms,

The results of this study confirm previous au-
toradiographic findings demonstrating that half

TAste 4

Categories of optical densities used for comparisons In
Figures 24

Categury Optical density rungs”

{ -4-2

2 3-5

3 6-10
4 11-20
) 21-30
6 31-40
7 41-50
8 51-60
9 61-70

® Negalive oplical densities weare obiained for 8 few fori that were leta
dense than the averags background bul mors denss than the backgrouad
in thsis immediate viciakty.




NORMAL AND IMMUNE ELIMINATION OF S. AJANSON!

243

I MMUNIZED

CHALLENGE
-
0 a
L4

/

7 seys sfter nfsction (2 heurs
ofer Lv. Injectien of killed LS)

40
b
|}
o ?
O 60+ 14 daye after indection (7 duys
% 40 oflor Ly, Injoction of illied L3)
2 20+
3
- ml I _
O -
o 60 i 21 deye ofer infaction (14 doye
R N oftar Ly. injoction of iiled L3)
40
20 ﬂ ﬂ
1 2 3 4 5 6 7 8 9

OPTICAL DENSITY CATEGORY

Ficurg 2. Optical density frequency distribution patterns of autoradiographic foci produced in the lungs of
control mice and mice immunized three times (3X) with irradiated cercariae (CERC.) at various times aler
infection with live »Se-labeled Schistosoma mansoni cercariae or intravenous (i.v.} injection with lung schis-
tosomula (LS) killed by heating at 50°C for 5 min (experiment 3). The optical density categories are defined in

Table 4. Values represent the average data for three or four mice,

or more of the larvae from a percutancous S.
mansoni infection are eliminated from both con-
trol mice and mice immunized with irradiated

. cercariae between seven and 21 days afier infec-
tion.?~% 7423 In addition, they demonstrate that
afier day 21, normal mice show no further de-
crease in worm burden while immunized mice
continue 10 lose worms at about the same rate
until some point after day 35. Similar resuits
have recently been reported by Wilson and oth-
ers,s although they found that the normal phase
of elimination persisted somewhat longer.

At the time the normal phase of worm elim-
ination ends and the immune phase begins (day
21), there is a striking difference between the
distribution of worms in control and immunized
mice: most worms had migrated to the liver in
control mice, while most remained in the lungs
in immunized mice (Figure 5). Thercafler, the

disappearance of worms from immunized mice
is accounted for by their disappearance from the
lungs. There is no indication that the missing
worms migrate to the liver before elimination;
essentially all of the worms detectable in the liver
from day 21 onwards can be recovered as live
worms by portal perfusion (Table 2). Although
sites other than the lungs and liver were not ex-
amined in this study, other autoradiographic
studies have shown that S. mansoni larvae do
not selectively accumulate in tissues other than
the lungs and liver in either normal mice or mice
immunized with irradiated cercariae between
weeks 3 and 5 after infection.* 25 [y seems like-
ly, thesefore, that the worms that disappear from
the lungs are eliminated from the bady.
Histopathologic examination of immunized
challenged mice has provided indirect evidence
of schistosome elimination in the lungs, in the
-
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Fioure 3.  Optical density frequency distribution patterns of autoradiographic {oci produced by "Se-labeled

Schistosoma mansoni larvae in the lungs and livers of control mice and mice immunized three times (3X) with- -

irradiated cercariae. Mice were evaluated 21 and 28 days after infectian (experiment 4). The aptical density
categories are defined in Table 4. Values represent the average data for three or four mice.

form of parasite-frce inflammatory foci that are
believed to represent sites previously occupied
by schistosomula.* Similar 10 elimination in na-
ive mice,?” however, efforts to demonstrate dam-
aged and dead worms in immunized mice have
been frustrating.”* Since heat-killed schistoso-
mula continued to produce autoradiographic foci
for several days in the lungs, we were hopeful
that analysis of the optical densities of tung foci
would provide a means of studying worms in the
elusive stage between death and elimination. This
analysis produced rather surprising resulis, Dur-
ing both the normal (easly) and immune (late)
phases of climination, the optical density fre-
quency distribution patierns obtained for schis-
tosomula in the lungs were indistinguishable from
those obtained for live larvae in the livers of the
same mice. In contrast, the foci produced by heat-
killed injecied schistosomula faded steadily be-

Py rrnEran arer s WUIRRY UTR DEE T L U DR R R A L

fore disappearing. Although ‘it must be consid-
ered that larvae dying in situ may be cleared
somewhat differently from larvae killed by heat-
ing at 50°C, the striking similarity between the
optical densities of lung and liver populations
provides compelling evidence that most, if not
alt, of the larvae being detected in the Jungs are
alive. .

With the information available'from studies
in mice and rats, it is possible to construct a
hypothesis for the process of S. mansoni elimi-
nation that contains the following elemenits.

1) Schistosomula are at greatest risk of being
eliminated from the body during the period they
are in the Jungs. This is supported by evidence
from normal and immune mice*** and rats®
indicating that the number of larvae in the body
decreases by half or more during the lung phase
of migration. Also, the period of larval sensitiv-
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Figure 4. Optical density frequency disiribution patiems of autoradiographic foci produced by 7’Se-labeled
Schistosuma imansoni fnsvae in the lungs and livers ofcontrol mice and mice immunized once (1 X) with irradiated
cercariae. Mice were evatuated 2| days after infection (experiment 5). The optical density categories are defined
in Table 4, Values yepresent the average data for three or four mice,

ity 10 passively iransferred antibody from irra-
diated cercaria~-immunized mice®® and rats* and
previously infected rats®' coincides with the pe-

. . .riod of residence in the lungs,

2) Schistosomula are exposed to the same risk
per unit of time in normal and immunized ani-
mals. This is supported by evidence from studies
in irradiated cercaria-immunized mice® * ¢ and
previously infected rats,?® which indicates that
the rate of worm disappearance from the body
is similar in normal and immunized animals,
and proporiional to the size of the lung popu-
lation in both cases. The cumulative risk of elim-
ination is greater in immunized hosts possibly
only because the period of lung residence is ex-
tended.

3) Schistosomula that are eliminated leave the
blood stream, enter alveoli, and pass via the tra-
chea into the gastrointestinal tract. This idea was

first suggested to us by Donato Cioli before we
were aware of experimental evidence for it, and
has been proposed by Crabtree and Wilson.? Since
that time, we have found reported observations
of schistosomula of S. mansoni,* 12. 14-1¢ ¢ jq.
ponicum, ' '% 3 and Schistosomatium douthitei*
within alveoli. Recently, schistosomula have been
demonstrated by autoradiography in the trachea
and lumina of the esophagus, stomach, and in-
testines.?? In an eleciron microscopic study,
-Crabtree and Wilson found that in both normal
mice and mice immunized with irradiated cer-
cariae, S. mansoni schistosomula gradually shift
from vascular to alveolar locations afier arriving
in the lungs.” By the third week of infection, more
than half of the larvae observed were partially
or wholly within alveoli.

.

4) Schistosomula are eliminated from the lungs -

while still alive. The optical density data reported

——
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FIGURE 5.

Percentage of the estimated number of skin-penetrating **Se-labeled Schistosoma mansoni cet-

cariae accounted for by ports! perfusion and autoradiography (experiment 2), C = control mice; 1X = mice
inununized by one exposure 10 irradialee cercariae; IX = mice immunized by three exposures 10 irradiated
cercariae. Numbers above bars indicate the tolal percentage of perfusion recovery and sutorsdiographic foci.

The numbers of mice are reported in Table 2,

here and the microautoradiographic data from.

the same study’ support this conclusion. Also,
in the electron microscopic observations of
Crabtree and Wilson on schistosomula in pul-
monary blood vessels and alveoli, no evidence
of larval damage was found.®

If it is demonstrated directly that the butk of
schistosomula that are eliminated are coughed
up while still alive, then it is probable that only
two possible sites of larval killing will need to be
seriously considered. The first possibility is that
they are destroyed in the gastrointestinal tract.
It is difficult to imagine that this developmental
stage of such a highly specialized trematode would
have mechanisms for surviving the effects of di-
gestive enzymes. ", second, less likely, possibility
is that they are eliminated {from the body via the
gastrointestinal tract while still alive, to face once
again the challenges presented by the outside
world.

The results of this study indicate that resis-
tance in irradiated cercaria~immunized mice, al-

.though immunologically specific,’*3¢ is a con-
sequence of the diversion of larval migration at
the lung phase, rather than the direct killing of
challenge organisms. The observation of dciays
in the lung migration of challenge infection lar-
vae in irradiated cercaria-immunized rats, ir-
radiated cercaria~immunized guinea pigs, and
previously infected rats, as well as the direct re-
lationship among schistosome species between
speed of migration through the lungs and sur-

- vival to adulthood in naive mice®® % suggest that

this may be a generally important mechanism of
schistosome elimination in both norma!l and im-
mune hosts.

1t must also be pointed out that there are three
well-documenied examples of schistosome elim-
ination in sites other than the lungs: skin killing
in rhesus monkeys repeatedly immunized with
irradiated S. japonicum cercariae, skin killing
in CBA/Ca mice immunized - with irradiated S.
mansoni cercariae of the Mill Hill strain,**-** and
the additional skin and liver killing seen in guin-




NORMAL AND IMMUNE ELIMINATION OF 5. MANSON/

ea pigs immunized with irradiated S. mansoni
cercariae X' Other examples may exist in na-
ture.
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