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Seven experiments were carried out to test the relationship between the
morphological assay for damage to schistosomula in vitro with toluidine blue and
the loss of the ability of damaged organisms to mature in vivo. Schistosomula
were prepared by penetration of rat skin and cultured for 12 to 38 h in the presence
of various combinations of purified human eosinophils or neutrophils and heat-
inactivated human antischistosomular serum. Samples were scored for micro-
scopically detectable damage, and the remaining organisms were injected intrave-
nously into normal mice. These mice were perfused after 5.5 to 7 weeks, and the
recovery of adult worms was determined. After culture of schistosomula in
medium alone, between 8.4 and 32.7% of injected organisms matured into adult
worms. There was no significant difference in the capacity offreshly prepared and
cultured schistosomula to mature in vivo. Schistosomula cultured with antibody
alone showed no significant damage in vitro, and in only one of seven experiments
was there a significant (35%) reduction compared with the medium controls in
their capacity to mature in vivo. Schistosomula cultured with neutrophils alone or
eosinophils alone showed no significant damage in vitro and no loss of viability in
vivo. Schistosomula cultured with neutrophils and antibody showed a 28%
reduction in recovery in one experiment but an increase in recovery (12 and 46%)
in two other experiments. In contrast, schistosomula cultured with eosinophils
and antibody showed evidence of both marked damage in vitro (22 to 93% dead
organisms) and loss of viability in vivo (26 to 98% reduction in recovery) in all
seven experiments. These findings justify the use of the toluidine blue morpholog-
ical assay as an estimate of irreversible damage to schistosomula and confirm that
human eosinophils and neutrophils differ markedly in their capacity to mediate
antibody-dependent damage in vitro.

During recent years, several groups have
shown that a variety of immune effector mecha-
nisms are capable of damaging the young larvae
(schistosomula) of Schistosoma mansoni in vitro
(1-9, 11, 13-15, 17, 18, 21, 22, 24, 28, 29). Such
experiments have three marked advantages in
comparison with studies in experimental animals
in vivo. First, they permit a precise identifica-
tion and separation of the individual effector
mechanisms. Second, they permit a more de-
tailed analysis of the mode of action of each
effector mechanism than would be possible in
vivo, particularly of the functional properties
that are required for the expression of cell-
mediated damage (4, 5, 8, 9, 14, 15, 19, 22, 28).
Third, and perhaps most important, they allow
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the use of human materials (1-6, 12, 14, 15, 28,
29) and may therefore eventually be used for the
study of immunity in humans.
Such experiments in vitro, however, also bear

several intrinsic problems. The most important
of these is that it is not possible to claim that any
of the effector mechanisms identified in vitro is
necessarily operative in vivo, nor that other host
responses may not also be required for the
expression of immunity (reviewed in reference
23). Moreover, on a more practical level, it is not
easy to determine what constitutes irreversible
and lethal damage to the target. This is especial-
ly true of multicellular and relatively large orga-
nisms such as schistosomula: even quite severe
but localized damage could theoretically be re-
paired, and the organism might go on to mature
in the normal way. In addition to this, different
assays for damage may yield conflicting results:
for example, the release of 5tCr from prelabeled
schistosomula gives results which are not borne
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TABLE 1. Assay conditions for adult worm recovery experiments

Cell %Purityt Culture No. of Time before
Expt E/T ratiob Antibodyc period Mouse strain organisms perfusion

donor Eos Neutros (h)d injectede (wk)f

1 A 97 NT 2,000 T (1/15) 24 CF1 150 6
2 B 90 NT 1,500 Al (1/15) 20 A/J 300 5.5
3 A 90 NT 2,000 A5 (1/10) 28 (C57BL/6 x A/J) Fl 425 6
4 A 93 100 3,000 (Eos) Pooled sera (1/12) 38 CBA 300 6

4,000 (Neutros)
5 C 77 97 4,000 09 (1/10) 12 CBA 200 6.5
6 D 90 95 4,000 M11 (1/10) 12 CBA 200 7
7 D 100 92 4,000 Mit (1/2, 1/10) 24 CBA 200 7

a Eosinophils (Eos) and neutrophils (Neutros) recovered from four different normal individuals. NT, Not
tested.

b Ratio of effector cells (E) to target schistosomula (T).
Heat-inactivated sera used as antibodies; final dilutions are shown in parentheses.

d Incubation period in vitro of schistosomula before assay for damage and injection into mice.
e Mice of various strains received 150 to 425 cultured schistosomula.
f Perfusions were carried out after 5.5 to 7 weeks.

out by microscopic assays carried out under
identical conditions (29). It is therefore neces-
sary to confirm, for any given assay, that the
damage observed in vitro is indeed associated
with a loss of the ability of the organism to
mature in vivo.
Although it is accepted that rat neutrophils kill

antibody-coated schistosomula in the presence
of complement (13), there is at the moment
considerable controversy about the ability of
human neutrophils to inflict antibody-dependent
damage to schistosomula in vitro. We have
consistently found that human eosinophils, but
not human neutrophils, can damage schistosom-
ula in the presence of heat-inactivated sera from
infected patients (12, 29; A. E. Butterworth and
A. Dessein, unpublished observations), whereas
other groups have reported that human neutro-
phils can also inflict damage, which may be as
marked as that mediated by eosinophils (1, 18).
One of several possible explanations for this
discrepancy is that the particular microscopic
assay that we use is not sensitive enough to
detect a neutrophil-mediated effect, which may
yet be sufficient to reduce the viability of the
worms.
The aims of the present experiments were

therefore to test whether the eosinophil-mediat-
ed damage detectable by the toluidine blue mor-
phological assay in vitro was indeed associated
with a reduced viability in vivo and to test
whether neutrophils could exert an effect which
was indetectable microscopically but which was
sufficient to reduce the viability of the orga-
nisms.

MATERIALS AND METHODS

Life cycle of S. mansoni. A Puerto Rican strain of S.
mansoni was routinely maintained by passage through

outbred mice and Biomphalaria glabrata snails. Schis-
tosomula were prepared by allowing cercariae to pene-
trate an isolated preparation of rat skin in vitro (11, 27)
into Earle balanced salt solution containing 100 U of
penicillin per ml, 100 ,ug of streptomycin per ml, 20
mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic
acid (HEPES), 0.5% lactalbumin hydrolysate, and
10% heat-inactivated fetal calf serum (E-LAC-FCS).
After penetration, the organisms were washed three
times in E-LAC-FCS and three times in (bicarbonate-
free) Eagle minimal essential medium supplemented
with antibiotics and HEPES as above (MEM) and 10%
heat-inactivated fetal calf serum (MEM-FCS). They
were resuspended finally in MEM-FCS at a concentra-
tion of 2,000 organisms per ml.

Mice. Mice of strains CF1 (outbred), A/J, CBA, and
(C57BL/6 x A/J) Fl were purchased from Jackson
Laboratory, Bar Harbor, Maine.

Antisera. Sera from patients with S. mansoni infec-
tion, either single or in pools, were used as a source of
antischistosomular antibodies. Six different serum
preparations were used in different experiments at
final concentrations ranging from 1/2 to 1/15 (Table 1).
All sera were heat inactivated at 56°C for 1 h and had
previously been tested for their ability to mediate
microscopically detectable eosinophil-dependent dam-
age to schistosomula in vitro.

Effector cells. Neutrophils and eosinophils were re-
covered from the blood of normal individuals by
fractionation on metrizamide gradients (29). Briefly,
heparinized peripheral blood was sedimented with
4.5% dextran in phosphate-buffered saline, and the
leukocytes recovered from the supernatant were
washed twice in MEM-FCS containing 30 mg of DN-
ase per liter. These cells were then layered onto
discontinuous gradients of metrizamide (Nyegaard,
Oslo) at concentrations of 18 to 25% in Tyrode bal-
anced salt solution containing 0.1% gelatin and 30 mg
of DNase per liter. These gradients were centrifuged at
20°C for 45 min at 1,200 x g. Cells from each interface
were withdrawn and washed twice in MEM-FCS con-
taining 30 mg of DNase per liter before resuspension in
MEM-FCS. Cytocentrifuge smears were stained with
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MATURATION OF CULTURED SCHISTOSOMULA IN VIVO 227

TABLE 2. Recovery of adult worms after injection of schistosomula cultured in vitro with granulocytes and
antibody

Expt Schistosomula % Killed recovered in RecoveryCo.ected ttestecultured with': in vitro viVob in vivo' recovery
in vivo'

1 Eos + Ab 48 2.4 ± 0.5 (7) 1.6 19 A
Eos
Ab
Medium

2 Eos + Ab
Eos
Ab
Medium

3 Eos + Ab
Eos
Ab
Medium

4 Eos + Ab
Neutros + Ab
Ab

5 Eos + Ab
Eos
Neutros + Ab
Neutros
Ab
Medium

6 Eos + Ab
Eos
Neutros + Ab
Neutros
Ab
Medium

7 Eos + Ab 1/10
Eos
Neutros + Ab 1/2
Neutros + Ab 1/10
Neutros
Ab 1/10
Medium

6 10.2 ±
7 11.6 ±
6 12.6±

22 72.8 ±
6 103.4 ±
2 96.0
2 98.0 ±

0.7 (5)
2.0 (7)
1.6 (7)

6.5 (5)
5.7 (5)
9.1 (5)
6.4 (5)

93 13.4 ± 1.8 (8)
3 90.0 ± 10.1 (5)
3 74.8 ± 4.8 (5)
1 76.5 ± 9.1 (6)

58 3.9 ±
15 31.8 ±
0 45.0±

50 0.8±
9 51.8 ±
12 35.3 ±
7 56.3 ±
4 32.2 ±
4 49.4 ±

54 22.0 ±
0 78.9 ±
6 89.1 ±
5 108.0 ±
3 64.0 ±
0 61.0 ±

1.0 (8)
2.7 (6)
4.6 (5)

0.8 (4)
2.9(5)
3.1 (4)
4.9 (6)
1.4 (6)
5.8 (6)

2.3 (5)
6.6 (5)
5.9 (5)
7.1 (5)
8.1 (5)
8.6 (5)

36 21.1 ± 2.4(4)
0 78.4 ± 8.4 (5)
0 70.4 ± 11.8 (4)
10 71.0 + 2.5 (5)
6 73.3 ± 8.9 (4)
5 56.3 ± 13.9 (3)
7 63.2 ± 4.4 (5)

6.8
7.7
8.4

24.2
34.5
32.0
32.7

3.1
21.2
17.6
18.0

1.3
10.6
15.0

0.4
25.9
17.7
28.2
16.1
24.7

11
39.5
44.6
54.0
32.0
30.5

10.6
39.2
35.2
35.5
36.7
28.2
31.6

81
92
100

74
106
98
100

17
118
98
100

9
71
100

2
105
72
114
65
100

36
130
146
177
105
100

37
124
111
112
116
89
100

B

A

C, D
D, E

A, D

D, F

G

D, H

D, J
K

D, H

I
D, I

a Eos, Eosinophils; Neutros, neutrophils; Ab, antischistosomular serum.
b Mean ± standard error; numbers of mice are in parentheses.
Calculated from the total numbers of organisms originally injected.

d Calculated with reference to the medium controls (experiments 1 to 3 and 5 to 7) or the Ab controls
(experiment 4).

' Summaries of Student's t tests: A, Eos + Ab versus Eos, Ab, and medium controls, P < 0.001; B, Eos + Ab
versus Eos and medium controls, P < 0.05; C, Eos + Ab versus Ab control, P < 0.001; D, Eos + Ab versus
Neutros + Ab, P < 0.001; E, Neutros + Ab versus Ab control, P < 0.05; F, Neutros + Ab versus Ab control,
not significant (P > 0.05); G, Ab control versus medium control, P < 0.02; H, Eos + Ab versus Eos, Ab, and
medium controls, P < 0.05; I, Neutros + Ab versus Ab and medium controls, P < 0.05; J, Neutros versus
medium control, P < 0.01; K, Neutros + Ab versus Neutros, Ab, and medium controls, not significant (P >
0.05).

Giemsa for immediate examination, and fractions were
pooled as appropriate. The purity of each preparation
is shown in Table 1: in the case of eosinophils, the
contaminating cells were neutrophils; in the case of
neutrophils, the contaminating cells were mononucle-

ar cells with occasional eosinophils. Cell concentra-
tions were adjusted to 1.5 x 106 to 4 x 106/ml, yielding
effector cell/target schistosomulum ratios of 1,500:1 to
4,000:1 (Table 1).

Culture in vitro and injection into mice. Samples of 1
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ml of schistosomula, containing 1,000 organisms, were
distributed into 12- by 75-mm round-bottomed plastic
tubes (2063; Falcon Plastics, Oxnard, Calif.). To each
tube was added 0.1 ml of the appropriate antibody
dilution or 0.1 ml of medium as a control and 1 ml of
eosinophils or neutrophils or 1 ml of medium as a
control. The tubes were incubated in a humidified
chamber at 37°C for 12 to 38 h (Table 1). At the end of
this period, the contents of each set of identical tubes
were pooled, and one to three samples containing 70 to
100 schistosomula were withdrawn for microscopic
examination and counting. Slides for microscopic ex-
amination were prepared by depositing on each slide
50 to 100 ,ul of a 0.1% toluidine blue solution in
methanol. After a few minutes, the methanol had
evaporated, yielding toluidine blue-coated slides. Lar-
vae were examined at a magnification of 100x: orga-
nisms were scored as dead if they were immotile and
had taken up toluidine blue in an intense and granular
fashion (29). The remaining organisms were washed
three times and resuspended in MEM for immediate
injection into the tail veins of mice, the timing of the
injections being randomized among the different ex-
perimental groups. Three to eight mice were used for
each test condition (Table 2), and each mouse received
an equal number of organisms (Table 1), regardless of
whether these had been scored as alive or dead in the
microscopic assay.

Recovery of adult worms. Adult worms were recov-
ered after 5.5 to 7 weeks (Table 1) by whole-body
perfusion according to the technique of Smithers et al.
(26). Mice were killed by intraperitoneal injection of
0.2 ml of saline containing 1 mg of sodium pentobarbi-
tal (Abbott Laboratories, North Chicago, Ill.) and 100
U of heparin and shaved and rinsed with water, and
the abdominal and thoracic cavities were opened. The
mice were suspended on a perspex frame over a

collecting dish, the hepatic portal vein was cut, and a
needle was inserted into the left ventricle. The mice
were then perfused through this needle with approxi-
mately 100 ml of citrate saline (0.8% sodium citrate,
1.5% sodium citrate), and the intestines were carefully
washed with citrate saline to recover worms adhering
to the tissue. After perfusion, the livers were squashed
between two glass plates and examined for residual
worms, which were counted. The perfused worms
were washed with citrate saline, concentrated by
sedimentation, and counted. Perfusions were carried
out blindly and at random among the experimental
groups: perfusions which failed to recover 90%o of the
worm load of the liver were immediately discarded,
before allocation to their test groups.

INFECT. IMMUN.

Analysis of results. Mean worm burdens for each
experimental group were calculated and compared
with the appropriate controls (cells alone, antibody
alone, or medium alone) by Student's t test. The
percentage recovery for each group was calculated
from the known number of organisms injected. The
percentage corrected recovery was calculated by com-
parison with control groups cultured with medium
alone (experiments 1 to 3 and 5 to 7) or with antibody
alone (experiment 4).

RESULTS

Seven experiments were carried out: varia-
tions in the experimental conditions are shown
in Table 1 and the results of each experiment in
Table 2.

Recovery of control organisms. In the first
experiment, it was noted that the recovery of
adult worms after culture of schistosomula with
medium alone was only 8.4% of the number of
organisms injected. It was possible that this poor
recovery was attributable to the use of a rela-
tively insusceptible outbred mouse strain. In
subsequent experiments, therefore, different
mouse strains were tested: recoveries of control
organisms improved, ranging from 18.0% (ex-
periment 3) to 32.7% (experiment 2). CBA mice
consistently gave good recoveries and were used
for the later and more extensive experiments.
Because of the variability in recovery of control
organisms in different experiments, it was neces-
sary, to make comparisons between experi-
ments, to calculate the recovery of test orga-
nisms by comparison with the value for control
organisms (Table 2, percent corrected recov-
ery). This was achieved by comparison with the
medium controls for experiments 1 to 3 and 5 to
7 and with the antibody controls for experiment
4.
An alternative explanation for the poor recov-

ery of control schistosomula could be that such
organisms lost viability during culture, even
though they were not visibly damaged in the
microscopic assay. In two of the seven experi-
ments, therefore, the capacity of freshly pre-
pared and cultured schistosomula to mature in
vivo was compared (Table 3). The recovery of

TABLE 3. Recovery of adult worms after injection of freshly prepared or cultured schistosomula
Total no.

Expt Schistosomula recovered in % Recovery t test
VVa in vivo tts

2 Freshly prepared 69.8 ± 14.5 (6) 23.3 P > 0.05
Culturedb 98.0 ± 6.4 (5) 32.7

3 Freshly prepared 60.9 + 11.5 (8) 14.3 P > 0.05
Cultured' 76.1 + 9.1 (6) 18.0

a Mean ± standard error; numbers of mice are in parentheses.
b Data for cultured schistosomula are the same as those for the medium controls in experiments 2 and 3 of

Table 2.
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cultured organisms in both experiments was
slightly better than that offreshly prepared orga-
nisms, although the differences were not signifi-
cant. Thus, there was no evidence to indicate
that the schistosomula were dying during cul-
ture.

Recovery of organisms after culture with anti-
body alone. Although none of the sera used as a

source of antischistosomular antibodies was di-
rectly toxic to the schistosomula, as judged by
an increased mortality during culture in vitro, it
was possible that the antibodies might remain
bound to the schistosomula after injection into
the mice. Such antibodies might then interact
with murine effector cells or complement, lead-
ing to further damage to the worm after its
injection into the recipient. In all experiments
except experiment 4, therefore, the survival of
organisms cultured with antibody alone was

compared with that of organisms cultured with
medium alone. In one experiment (experiment
5), there was evidence for a direct effect of
antibody in that experiment organisms cultured
with antibody alone showed a significantly lower
recovery than those cultured with medium
alone, eosinophils alone, or neutrophils alone.
In the remaining experiments, in which different
sera were used, there were no significant differ-
ences in recovery between the antibody controls
and the medium controls.
Recovery of organisms after culture with eosin-

ophils alone or neutrophils alone. There was no
evidence for direct, antibody-independent dam-
age to schistosomula mediated by either eosino-
phils or neutrophils. In experiment 6, the recov-

ery of organisms cultured with neutrophils alone
was in fact significantly greater that than of the
medium controls. A similar effect, although not
reaching significant levels, was seen with both
eosinophils and neutrophils in several other ex-

periments, possibly suggesting a feeder effect of
added cells in the absence of antibody, which
enhances schistosomulum viability during cul-
ture.

Recovery of organisms after culture with eosin-
ophils and antibody. In six of seven experiments,
it was found that schistosomula cultured with
eosinophils and antibody in vitro showed a sig-
nificant or highly significant reduction in their
capacity to mature into adult worms in vivo, in
comparison with control organisms cultured
with medium alone, antibody alone, or eosino-
phils alone. In the seventh experiment (experi-
ment 2), the effector/target ratio was lower (Ta-
ble 1), and the degree of damage detected in
vitro was slight; nevertheless, the recovery of
organisms cultured with eosinophils and anti-
body was significantly less in this experiment
than that of organisms cultured with eosinophils
alone or medium alone. The conclusion from

these experiments was that the microscopically
detectable damage to schistosomula that is in-
duced by eosinophils and antibody in vitro was
indeed associated with a loss of the capacity of
such organisms to develop into adult worms in
vivo.

Recovery of organisms after culture with neu-
trophils and antibody. Schistosomula cultured
with neutrophils and antibody in four experi-
ments underwent significantly less damage, as
judged by their ability to mature in vivo, than
organisms cultured with eosinophils and anti-
body. Antibody-dependent damage by human
neutrophils was detected after reinjection in
vivo in only one offour experiments (experiment
4), and this effect, in comparison with antibody
alone, was just significant at P < 0.05. In two
experiments (experiments 6 and 7), the recovery
of organisms cultured with neutrophils and anti-
body was slightly greater than that of organisms
cultured with antibody alone, even when the
serum used as a source of antibody was present
in concentrations as high as 1/2. The conclusion
from these experiments was that neutrophils
had, in this assay, either very little or no capaci-
ty to damage schistosomula in the presence of
antibody, as determined by the ability of cul-
tured organisms to mature in vivo.

DISCUSSION
During culture in vitro, schistosomula are

damaged by human eosinophils in the presence
of antischistosomular antibodies (2, 14, 15, 29).
This damage can be detected by light-micro-
scopic examination as a loss of motility, an
increased opacity of the organism, and some-
times gross changes in shape or obvious lesions
in the tegumental membrane. These changes are
somewhat subjective, but it is also found that
such damaged organisms take up toluidine blue,
resulting in an intense and granular staining (29).
In contrast, intact and motile organisms show no
staining. This difference in staining properties of
intact and damaged organisms is both reproduc-
ible and readily scored in an objective manner
and has formed the basis of our microscopic
assay. We have now found that the cell-mediat-
ed damage detectable by the toluidine blue mor-
phological assay in vitro is associated with a
reduced viability of the larvae in vivo. A small
proportion of the eosinophil-damaged schisto-
somula have lost their capacity to mature in vivo
but are not recorded as damaged in vitro: this
shows that our microscopic in vitro assay identi-
fies the late stages in the death of the organism.
In contrast to the findings with eosinophils, the
antibody-dependent effect of neutrophils in both
the microscopic and the worm recovery assays
is absent or marginal: in only one of four experi-
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ments was a significant effect observed, and in
all experiments, the effect of eosinophils, tested
under identical conditions, was markedly great-
er.
These findings may be compared with those of

Kassis et al. (17), who observed a 67% reduction
in in vivo recovery of schistosomula cultured for
24 h with murine eosinophil-rich cell prepara-
tions and with immune mouse serum, in compar-
ison with organisms cultured with eosinophils
and normal mouse serum. Under the same con-
ditions, the percentage of schistosomula show-
ing microscopically detectable damage was 35%
for the test preparations, in comparison with 8%
for the normal mouse serum controls. In subse-
quent studies, Kazura et al. (18) reported that
schistosomula incubated with human neutro-
phils, antibody, and complement for 24 h
showed a 46% reduction in recovery in compari-
son with control organisms. This experiment is
difficult to evaluate, however, since the recov-
ery of organisms cultured with antibody and
complement, antibody alone, or complement
alone was not recorded.

Various anticipated problems were encoun-
tered during these experiments. First, the recov-
ery of control organisms cultured with medium
alone was low, ranging from 8 to 33%. These
figures are comparable to those reported in the
literature (17-19). The reason for the low recov-
ery of control organisms, especially in our first
experiment, is not known. One possibility is that
different strains of mice show different suscepti-
bilities to primary S. mansoni infection, whether
initiated naturally by cercarial challenge or arti-
ficially by injection of schistosomula. For this
reason, we used CBA mice in later experiments:
they are very susceptible to infection and consis-
tently gave adequate control worm recoveries.
There is no reason to suppose that the low
recoveries of control organisms reflected dam-
age that occurred during the preparation and
incubation in vitro and that was not detected by
the microscopic assay. Even after cercarial chal-
lenge, the proportion of organisms that mature
in normal mice is only about 40% (25), whereas
James and Taylor (16) have shown that if freshly
prepared schistosomula are administered paren-
terally by various routes, only 6 to 39% mature,
depending on the method of preparation and the
route of inoculation.
A second potential problem was the introduc-

tion of antibody-coated schistosomula into nor-
mal mice. It was possible that murine effector
cells or complement might interact with the
antibody-coated schistosomula after their intro-
duction into the mice: this might lead to death of
the worms, even if they had not been damaged in
vitro. However, Lewis et al. (20) had shown that
when large amounts of human plasma that were

known to mediate leukocyte-dependent damage
were transferred into normal mice, such mice
failed to resist cercarial challenge. This suggest-
ed that murine effector mechanisms would fail to
mediate damage to schistosomula in the pres-
ence of human antibodies. In only one of the
seven experiments in the present study was a
significant difference observed in the recovery
of worms cultured with medium and those cul-
tured with antibody; in the remaining six experi-
ments, in which different human sera were used,
there was no such effect.
A third possible event which could have led to

erroneous results was that, during culture in
vitro, the schistosomula might have acquired
into their teguments macromolecules of human
origin (26); these macromolecules might have
been recognized by the recipient's immune re-
sponse, with consequent death of the organism.
Furthermore, schistosomula cultured with eo-
sinophils and antibody (a process associated
with extensive cell adherence) might acquire
more macromolecules than schistosomula cul-
tured with eosinophils alone, and this might lead
to the appearance of an artificial "antibody-
dependent" effect of eosinophils. However, the
finding that neutrophils showed a weak or, more
usually, absent antibody-dependent effect mili-
tates against this argument. Neutrophils adhere
to schistosomula in the presence of antibody
during the early stages of culture in vitro (29).
Moreover, during this adherence, they fuse their
membranes with the outer of the two schisto-
somulum membranes, an event which is likely to
be associated with the transfer of neutrophil
membrane antigens to the tegument of the schis-
tosomulum (10). Eosinophils, in contrast, fail to
make such fusions, and instead deposit their
granule contents onto the surface of the orga-
nism (10, 14, 15). It is likely, therefore, that if the
reduction in recovery of adult worms after cul-
ture with eosinophils and antibody had been due
to acquisition of eosinophil antigens, then schis-
tosomula cultured with neutrophils and antibody
would have acquired neutrophil antigens to the
same or greater extent and should therefore
have been rejected in the same way.

In light of these comments, it seems reason-
able to conclude that the eosinophil-mediated,
antibody-dependent damage that is detected by
microscopy reflects a true reduction in the via-
bility of the organisms and that neutrophils did
not significantly damage antibody-coated schis-
tosomula in our in vitro culture assay. Other
explanations must therefore be sought for the
discrepancies between our results and those of
other workers (1, 18) concerning the relative
ability of human eosinophils and neutrophils to
damage schistosomula. Studies in progress
(A. E. Butterworth, unpublished observations)
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indicate that intact schistosomula are able to
resist primary attack by human neutrophils un-

der a wide range of experimental conditions, and
it is possible that the antibody-dependent dam-
age recorded by others may be attributable to
the use of microscopic assays that detect neutro-
phil-mediated events that are not sufficient to
lead to irreversible damage to the schistosomu-
la.

Because of the long duration of the adult
worm recovery experiments in vivo and the
number of mouse perfusions required for a sin-
gle datum point, it is not feasible to carry out
such studies for each experimental condition
that is tested in vitro. However, it was found
that the presence of damage detectable in vitro
was reflected by a concomitant loss of viability
in vivo, even though the data were derived from
experiments which varied widely in the nature,
duration, and components of the cultures. This
supports the view that the microscopic assay is a
generally applicable test of the viability of schis-
tosomula and justifies its continued use in ex-

periments in vitro.
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