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in smears treated with normal rabbit globulin con-
jugate or in those inhibited by unlabelled antiserum.

Positive control smears prepared from vaccinia-
and variola-infected CAM revealed numerous
fluorescing particles (Fig. 2 and 3). Likewise,
fluorescence was absent in the inhibited smear and
in the smear stained with normal rabbit globulin
conjugate. No fluorescence was observed in the
negative controls.

It was not possible to distinguish between the
fluorescent particles of vaccinia or variola owing to
the close antigenic relationship of these two viruses.
The results of these tests established that the possible
etiological agents responsible for the disease in this
child were either vaccinia or variola. The definitive
diagnosis awaited reading of the inoculated eggs
at 48 hours, which actually proved the agent to be
variola.

Conclusion
It is therefore concluded that the use of the

fluorescent antibody technique, along with history
and clinical findings, would materially aid the rapid
differential diagnosis of disease problems of this
kind.

* *

Postscript
We have, since the submission of this paper, had

an opportunity to examine material from an addi-
tional ten cases of questionable smallpox. Of these,
three smears were positive by FA staining, and
isolations on CAM were identified as variola. The
other seven cases were negative by the FA staining
technique, with one case identified as herpes by
CAM isolation; the remaining six were negative
for a viral agent by CAM inoculation.
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Deschiens et al.a were the first to describe the
molluscicidal activity of Stabilized Chevreul Salt
(SCS), which they ascribe to copper protoxide
(cuprous oxide). With a concentration of 6 p.p.m.
SCS in tap water of pH 6.5 these workers obtained
complete kills of several species of vector snails
with exposure times of 6-12 hours, while fishes,
amphibia and plants remained unaffected. SCS is
stated by the manufacturers-Messrs Pastac Viroflay
S.O., who kindly supplied us with our experimental
samples-to be Cu[Cu2(SO3)2], 2H20 and to
contain no Cu++, but to have a Cu+ content of
approximately 480%. The sample was a powder
of fine particle size, dispersing easily in water.

In our own tests with SCS, Australorbis glabratus
were used with an exposure time of 24 hours fol-
lowed by 24 hours' recovery. The tests were carried
out as described by Hopf & Muller b in artificial

a Deschiens, R., Le Corroller, Y., Pastac, I. & Pastac,
S. (1961) C. R. Acad. Sci. (Paris), 252, 4221.

b Hopf, H. S. & Muller, R. L. (1962) Bull. Wld Hith
Org., 27, 783.

hard water (MgSO4,7H20 at 0.26 g/l; CaCl2 at
0.104 g/l). At pH 5.2 an LC50 of 2.2 p.p.m. SCS
and an LCgo of 4.6 p.p.m. SCS were obtained against
adult snails measuring 10-12 mm in diameter, and
an LC50 of 0.135 p.p.m. SCS and an LCgo of
0.28 p.p.m. SCS against young snails of 2-3 mm
diameter, thus confirming the findings of the French
authors. On the other hand, we were unable to
confirm the lack of toxicity to fish at that pH,
guppies (admittedly a very sensitive organism) being
killed at approximately the same concentrations as
were the adult snails.
The toxicity is greatly decreased when the pH is

increased by the addition of sodium hydroxide, as
the following results obtained in an experiment with
young snails show:

pH 5.5 pH 8.5

LC50 (p.p.m. SCS) . 0.15 0.4

Similar effects were observed with older snails,
eggs and guppies. Furthermore, when snails or
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guppies were exposed to the test dispersion 24 hours
after preparation in nylon bags well away from
contact with the bottom or sides of the vessel, the
mortality was not significantly reduced. These
results made us doubt whether the insoluble cuprous
oxide was really exclusively responsible for the toxic
action, or whether this might not be due at least
in part to cuprous copper in solution.

Accordingly, we compared a number of " in-
soluble" copper compounds available as readily
dispersible powders of fine particle size with cupric
sulfate at equal concentrations of copper against
adult snails at pH 5.5, extending the recovery time
to 96 hours to obviate to some extent particle size
differences. The following results were obtained:

Material LCso (p.p.m. copper)
SCS <0.5
Cupric carbonate, basic 0.05
Copper oxychloride (technical) 0.05
Blitox * 0.05
Perenox ** 0.05
Cupric sulfate 0.2

A commercial fungicide based on copper oxychloride.
* A commercial fungicide based on cuprous oxide.

The tests were repeated with three of the above
compcunds at two different pH values with young
snails and a recovery time of 24 hours. The mean
LC50s obtained from two experiments were:

Material LC,, at pH 5.5 LCro at pH 8.5
(p.p.m. copper) (p.p.m. copper)

Cupric sulfate 0.05 0.11
Perenox <0.05 0.07
SCS 0.1 0.2

It will be seen that basic cupric carbonate, copper
oxychloride, and cuprous oxide at similar concentra-
tions of copper were all more toxic than SCS or
cupric sulfate, and that there is a significant increase
in the LC50 with increasing pH. This gave addi-
tional support to the hypothesis that copper in
solution is the toxicant.
We therefore attempted to measure polarographi-

cally the amount of copper released into solution by
cupric sulfate, SCS and Perenox at the two pH
values. Reliable results could not be obtained at
the actual test concentrations, and the copper con-
tent had to be increased to 5 p.p.m. The diffusion
current observed is a measure of the copper ion
concentrations, and the values for Cu+ must be
doubled for comparison with those for Cu++.

Material Maximum pH Diffusion currentsuppressor (arbitrary units)

Cupric Acid fuchsin
sulfate Gelatin

Acid fuchsin
Gelatin

5.4
5.4
8.5
8.5

14.3
11.2
0.8

Assumed
reaction

Cu++-.Cu

SCS Acid fuchsin 5.6 2.0 Cu+-i.Cu
Gelatin 5.8 0.8
Acid fuchsin 8.5 *
Gelatin 8.5 -*

Perenox Acid fuchsin
Gelatin
Acid fuchsin
Gelatin

5.8
6.1
8.5
8.5

6.8
1.4

*

Cu+-,.Cu

* Not measurable.

The results must be treated with some reserve
because the supporting electrolyte present (i.e.,
MgSO4 and CaCl2) may not have been sufficiently
concentrated for accurate polarography, and because
the maximum suppressors may have affected the
results. It seems fairly certain, however, that for
each of the three materials there is an appreciable
decrease in the concentration of readily reducible
copper ions in solution at the higher pH. On the other
hand, toxicity to snails is obviously not just a
function of the reducible copper ions so measured
and other factors must be important.

Additional support for the theory that soluble
copper ions are of importance in toxic action was
supplied by observations on four " copper powders "

of unknown particle size, which were found to
increase in toxicity to adult snails at pH 5.5 after
standing in water for one week, presumably as a
result of an increase in the amount of copper ions
in solution.

Material

Copper (chemically
precipitated)

Copper (electrolytic grade)
Copper (electrolytic with

oxide film)
Cupric oxide

LC,s
immediately after

dispersion
(p.p.m. copper)

>20

20
>20

LCso
one week

after dispersion
(p.p.m. copper)

<3

3
<3

20 <3

We conclude that there is strong evidence that
copper ions play an important role in the mollusci-
cidal action of copper compounds of low solubility.
While it is impossible to say whether or not they are
exclusively responsible for such toxic action, it is
possible that this is so, if it is assumed that non-
ionized copper is in fact converted to ions after
passing into the snail through the alimentary canal
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or body wall. In that case the advantage of " in-
soluble " over " soluble" copper compounds in
mollusc control would lie in greater persistency and
greater availability to bottom-living creatures, rather
than in a different mode of action. It would seem
to make little difference what the source of sparingly
soluble copper is.

This assumption would also explain the differences
in the toxicity of SCS to fish found by Deschiens
et al.a and ourselves. At pH 6.5 there might be
insufficient soluble copper available to affect free-
swimming fish, while the bottom-living and bottom-
feeding snails would take up enough to be killed.
At the low pH employed by us there is sufficient
copper ion in solution to kill both.
The practical significance of these results requires

confirmation under field conditions. It is possible
that marginal differences in solubility and pH-
sensitivity are of great importance. Judging from
laboratory findings only, it would appear that the
choice between different copper compounds of low
solubility for mollusc control is largely a matter of
formulation, availability and price.

* *
*

We are indebted to the World Health Organiza-
tion for a grant under research contract; to Fisons
Pest Control Ltd for samples of Blitox and technical
copper oxychloride; to Plant Protection Ltd for a
sample of Perenox; and to McKechnie Brothers Ltd

for samples of the copper powders mentioned in the
last tabulation.

Postscript, 24 June 1963

Since writing the above, we have examined the
toxicity of solutions of cupric sulfate, Perenox and
SCS at pH 5.5 and pH 8.5 after standing for 4 days
and then centrifuging, exposing the snails in nylon
bags for 24 hours. There was better correlation
between the measurements of copper ions and snail
mortality after 5 days' recovery, indicating that the
lack of correlation obtained previously was probably
due to the differential ingestion and/or direct
contact with undissolved particles and supporting
the theory that toxicity is a function of ion concentra-
tion.

It is likely that the cuprous ion has been oxidized
to the cupric ion in solution, which would account
for Perenox and SCS giving the same order of
diffusion current as CuSO4.

Diffusion Cu by Approximate
pH current colorimetry LC5,(arbitrary (p.p.m.) ** (120 hours'

units) * recovery)

CuS04 5.5 14.6 4.5 <0.1
Perenox 5.5 15.8 4.3 0.1
SCS 5.5 10.6 3.5 0.2
CuS04 8.5 -*** <0.1 > 5.0
Perenox 8.5 -*** 0.21 2.0
SCS 8.5 -*** 0.13 5.0

* Corrected for dilution by acid fuchsin solution.
** Theoretical maximum 5 p.p.m.

* Not measurable.
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