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A Method of Securing Bacteriologically Sterile Snails ( A  ustralorbis 
glnbrntus) .* (2.3433) 

ELI CHERNIN (Introduced by T .  H. Weller) 
Drpartmtwt of Tropical Public Hralt  h,  H n r r ~ ~ r d  School of Public Health, Boston, Mass. 

Recent progress in the axenic cultivation of 
mu1 ticellular organisms suggested that snails 
might also be cultivated in a bacteriologically- 
sterile environment. Accordingly, investiga- 
tions were begun in 1954 to determine whether 
the eggs of .4ustralorbis glabratus, the Western 
Hemisphere vector of schistosomiasis, could 
be induced to hatch under sterile conditions 
after being subjected to surface disinfection. 

Materials and methods. 1.  Maintenance and 
handling of snails and snail eggs. Eggs were 
derived from a Puerto Rican strain of A .  glab- 
ratus maintained in our laboratory. The 
methods employed in rearing these snails have 
been described ( 1,2). Since large numbers of 
eggs were required, several 3-gallon aquaria 
were set aside for breeding purposes. Each 
aquarium contained 10 liters of water, a sup- 
ply of water cress, and 25 snails which were 
replaced as they died or as fecundity di- 
minished. Water cress was replenished at  5-7 
day intervals a t  wbich time all egg-masses 
present on the vegetation were recovered by 

*This investigation was supported (in part) by a 
Grant from bhe Natl. Inst. of Allergy and Infectious 
Diseases, from the United Fruit. Co., and by 'a Senior 
Research Fellowship from the Public Health Service. 

'peeling' off the egg-masses using the edge of 
a watchmaker's forceps. The masses were 
then kept in a bowl of continuously aerated 
aquarium water a t  76-78°F. Since snail em- 
bryos develop readily under these conditions, 
a supply was always available for experimen- 
tal use (Fig. 1). Egg-masses containing im- 
mature embryos could not be employed since 
they commonly failed to !hatch once disinfec- 
ted. Consequently, when eggs were required, 
the stock was examined with a low-power 
microscope and only 'fully mature' masses se- 
lected. Such masses contained embryos 
which might be expected to hatch within 1-2 
days; in fact, a crude guide to a 'mature' egg- 
mass was provided if one or more Isnails had 
already hatched a t  the time of examination 
(Fig. 2 ) .  Tmhe mature unhatched snail nearly 
fills imts egg capsule, moves actively within its 
confines, and has a fully-formed shell which 
appears slightly yellow by indirect light. 2. 
Composition and preparation of handling so- 
lution ( W S ) .  The desirability of using a 
sterile solution of known composition in which 
disinfected snails would hatch was apparent. 
Such a solution was devised empirically by 
modifying 2 others which had been used, re- 
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FTG. 1. Stock of A .  glabratus egg-masses in  var- 
ious stages of develoymcnt. Shown in an  8 cni 

Pe t r i  dish. 

spectively, for snail ,tissues( 3,4) and for physi- 
ologic studies on mussels ( 5) .  The composi- 
tion of HS is shown in Table I. Salts #1-4 
are dissolved in 800 ml water. Salt # 5  is dis- 
solved in 300 ml water and then combined 
with the first solution. Phenol red is added 
and the mixture is autoclaved for 10-15 
minutes a t  10-15 lb pressure. The volume of 
fluid allows for a 10% loss in autoclaving. 
The sterile solution is stored at  5°C until 
needed. The pH of the solution should be 7.2- 
7.4 after autoclaving ; however, after several 
days the pH drops to about 7.0. If desired, 
a 4-fold concentrated solution of salts #l-5 
may be prepared and later diluted and steril- 
ized. For certain purposes, sterile HS is 
modified by the add,ition of: a )  NaHC03 
( 1.470 aqueous stock sterilized by filtration ; 

TAB1,F: I. Composition of Handling Solution 
(HS) .  

Constituents g/liter H,Ot 

2.  NaCl* 2.0 
2. KCl .2 
3. NhHPO, (anh.) .05 
4. MgSO, 7H20 .2 
5. CaCl, 2H20 .1 
6. Phenol red (0.4% .5 m1/100 ml HS 

aqueous stock) 

* Merck, sodium chloride for  biological work. 

t Double (glass) distilled H20 used in  preparing 
Other salts reagent grade. 

all salt and stock solutions. 

u se  1.0-2.0 ml stock/100 ml HS) ; and b) peni- 
cillin G (cryst.-pot.) and (streptomycin sulfate 
(100 units and pg respectively per ml HS). 
HS thus modified is designated HS(M). Glu- 
cose (2070 aqueous stock; autoclaved) was 
used only as noted in a few experiments as a 
further addition to HS (M).  3. Disinfecting 
solution. The use of sodium hypochlorite 
soh tions for disinfecting certain nematode 
eggs and larvae (see (6) for review) sug- 
gested that it might also serve for external 
disinfection of A .  glabratus eggs. The solu- 
tion was prepared by dilution of Clorox,t a 
commercial liquid bleach which contains 
5.25% sodium hypochlorite by weight. The 
physical properties and mode of disinfection 
of NaOCl have been reviewed ( 7) .  4. Glass- 
ware. Glassware and rubber stoppers were 
washed and otherwise processed as for pur- 
poses of Itissue culture(8). 5. Sterility tests. 
Experiments, except as otherwise indicated, 
were controlled by inoculation of aliquots of 
HS (M) snail eggs, or newly-hatched snails 
into tubes of thioglycollate broth. These con- 
trols were maintained at 28-32' C for 7 days 
and at  room temperature for a t  least 7 days 
more before being read and discarded. Sup- 
plementary bacteriologic tests were utilized 

FIG. 2. Well-developed egg-masses of A .  glabratus 
( X 5). Many snails already hatched from clutches 

in center. 

t Made by the Clorox Chemical Co., Oakland, 
Calif. 
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when required. 
Summary of preliminary experiments. At- 

tempts were first made to surface-disinfect 
entire egg-masses of A .  giabratus and permit 
the snails to hatch under controlled conditions. 
Groups of mature egg-masses were exposed for 
10-15 minutes to Clorox diluted 1:lOO with 
HS(M),  washed free of disinfectant, and iso- 
lated in separate tubes each containing 5 nil 
of HS( 31). Over 50% of snails in egg-masses 
so treated hatched within 3-5 days ( 2 8 ° C ) .  
but a variable proportion of tubes proved to 
be contaminated. Further studies revealed 
that the presence of antibiotics in the HS(M) 
diluent interfered with the disinfecting activi- 
ty of the hypochlorite. I t  was found that the 
omission of antibiotics during disinfection re- 
sulted in an increased proportion of ege- u masses 
rendered sterile, but also in a decrease in rate 
of hatch; converse results were produced by 
increasing the concentration of antibiotics 
present during disinfection. A further com- 
plication arose from the frequent detection, 
by direct microscopic examination of the 
tubes, of protozoan contaminants. Micro- 
scopic examination of mature egg-masses from 
stock then revealed the occasional presence of 
ciliates within apparently intact, and other- 
wise normal, eggs. These protozoa super- 
ficially resembled forms commonly seen in 
aquarium water or in egg capsules from which 
snails had already hatched. The presence of 
these organisms within snail eggs cannot now 
be explained, but this observation made it ap- 
parent that whole egg-masses could not be 
used successfully. 

It appeared that the 
problem might be resolved by disinfecting in- 
dividual eggs of A .  glabratus. Preliminary ex- 
periments to separate eggs from the mass by 
a variety of enzymatic means were unsuccess- 
ful. Attempts were made to free eggs from 
the mass and from each other by manual 
means. This ultimately proved feasible and 
permitted development of the following tech- 
nic. 

1. Stocks of egg-masses are maintained and 
mature clutches are selected just prior to use. 
One or 2 mature egg-masses a t  a time are 
placed in half a Petri dish containing HS to 
which 0.2% Triton N-100$ has been added. 

Outline of technic. 

The detergent facilitates manipulation since 
particles do not tend to stick to the dissecting 
needles. It also rapidly kills bristle worms, 
protozoa, and perhaps other external contami- 
nants. While snails within intact capsules are 
not affected by the detergent after 1-2 hours 
Gf immersion, those within perforated eggs 
die quickly. A simple means is thus afforded 
for distinguishing usable eggs. 

2. Dissection of masses is done under a 
stereo-microscope with 20-3Ox magnification 
2nd transmitted light. Dissecting needles are 
prepared by breaking the hollow shaft of a 
19-22 gauge hypodermic needle from its hub 
and inserting a very small insect pin (‘V’ I inu- 
tien”, size 0 . 1 5 )  at  one end of the cannula; 
this is crimped firmly into place and the oppo- 
site end of the needle is secured in the pin vise 
of a needle holder. Eggs are separated using 
2 such needles. X o  effort is made to separate 
the closely adjacent eggs characteristic of most 
masses: rather, eggs surrounding one to be 
isolated are punctured and the selected egg 
freed by a ‘scissoring’ action of the 2 needles. 
However, in some clutches eggs do not lie im- 
mediately adjacent to one another and ilt is 
possible to separate them rapidly. Attached 
debris is trimmed away as each egg is sep- 
arated from the mass and the eggs are then 
transferred by pipette to a dish containing HS. 
Khen the desired number of eggs has been ac- 
cumulated, they are washed several times with 
HS (by decantation) and are checked micro- 
scopically for viability. A normal snail may 
be recognized by gross movement and by its 
characteristically rapid heartbeat. Eggs in 
which ,the snail is withdrawn, in which the cap- 
sule appears to be collapsed or punctured, or 
in which protozoa are observed, are discarded. 
The process of securing individual eggs be- 
comes rapid with practice. An experienced 
person can free 50-100  viable eggs (Fig. 3)  in 
about an hour, the variation depending on the 
nature of available masses. 

3. The remaining procedures are done 
macroscopically, preferably in a hood, with 
sterile equipment and precautions. The eggs 
are transferred in groups of 10-20  to screw-cap 

$ Made by Rohm and Haas, Philadelphia. Other 
detergents were not investigated. 
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FIG. 3. Characteristic appearance of separated 
eggs  of A .  glabratus containing fully-developed 

snail embryos ( X 28). 

vials (20x75 mm) using a Pasteur pipette. A 
minimum of fluid should be carried over, and 
fluid and eggs should be deposited on the bot- 
tom of the vial without contaminating its sides. 
All but a small amount of the transfer fluid is 
removed using the same pipette, and the cap 
is tightened to prevent drying. 

4. Disinfecting fluid is prepared as follows: 
Place 19.95 ml HS (room temperature) in a 
sterile container. Add 0.015 ml (approximate- 
ly one drop) of Clorox using a 1.0 ml sero- 
logical pipette; this represents a 1:400 dilu- 
tion of Clorox stock. Upon addition of Clorox 
the HS will turn deep purple, and it should 
be used within a few minutes. 

5. Transfer 5 ml of the disinfecting solution 
to a vial and flood the eggs with it, tapping 
gently to swirl them about. Agitate the con- 
tents once or twice during the next 10 minutes. 
After 10 minutes the solution is removed by 
aspiration, using a narrow-bore Pasteur pip- 
ette. The eggs are washed free of the disin- 
fectant with thrtx 5 ml changes of HS(M),  
the wash fluids being removed by aspiration. 

About 2 ml of the last wash are left as transfer 
fluid. 

6. A separate Pasteur pipette is used for the 
contents of each vial. Eggs are taken up in 
small groups and transferred to previously 
prepared tubes ( i .e .  20x150 mm culture tubes 
containing 5 ml, or Wasserman tubes (10x100 
mm) containing 2 ml of HS(M)) ,  and one 
egg is deposited per tube; these are closed with 
rubber stoppers or screw caps. After comple- 
tion of the procedure tubes are examined (us- 
ing a stereo-microscope) in the same manner 
as roller tube tissue cultures. Snails which 
may accidentally have been killed during 
treatment are discarded. Tubes are main- 
tained in an upright position in an incubator 
a t  28°C. 

Summary of results. 1. The concentration 
of disinfectant and the treatment period indi- 
cated above were selected after experiments 
in which the 2 factors were varied. In each 
such experiment, snail eggs were disinfected 
in groups of about 10 (using one of the 
schedules shown in Table 11), washed and 
isolated in tubes containing 2 ml HS(M). 
The tubes were examined daily and hatch 
records compiled. On the 7th day each snail 
(or unhatched egg) was transferred by Pas- 
teur pipette to a tube of thioglycollate for 
sterility tests. It is apparent from the sum- 
marized data (Table 11) that there is 5ome 
freedom in the choice of treatment schedule, 
and that the selection of Clorox 1:400 for 10 
minutes seemed to strike a good balance be- 
tween % hatch and % rendered sterile. Fur- 
ther experience with this schedule has shown 
that hatch and sterility rates of 90-100% can 
usually be obtained. 

2. A subsequent experiment was aimed at  
more rigorous bacteriologic screening for con- 
taminants. Four groups of mature eggs (to- 
talling 56) were disinfected and tubed, and 
during the succeeding 7 days 44 (79%) 
hatched. On day 7 each snail or unhatched 
egg, together with some HS (M) from its tube, 
was transferred to thioglycollate medium. Ali- 
quots of the remaining HS (M) from each tube 
were inoculated into nutrient broth, a blood 
agar slant, and a slant of Sabouraud’s dex- 
trose agar. Tubes containing solid media 
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TABLE 11. Effects of Time and Concentration of Clorox Disinfectaut on Hatch and Sterility 
Rates of Eggs of :i tistralorhis glabratus. 

----Sqxlr:itcd eggs of A .  glabratus- 
Sterile snails or 

ClOl~O s Jlii i .  xo. SO. % eggs t 
in 118 t w : i t i t i ( b i i t  S O .  csp. tw:itcvl 1i:itCIiiv.I' Ii:~t.chc!tl NO. % 

- ,S .i .j 2 61 74 87 
) i 63 82 63 82 

1 : 40( 1 

10 t )  51 I 3 9 i 8  47 94 
1; 4 3 7 ' 5  68 37 100 
- 1 4 .Ti 2.8 64 44 98 
0 i) 4s 28 5 8 4; 98 
8 3 2s 15 54 28 100 

1 :loll 2 3 .?( 1 15 50 30 100 
Tot a Is 3 8 Jllll Y t i 6  67 370 93 

.. __ - -- - - . - - .. . - - - . . 

) - -  (i 
I I  

> 
,* 

1 : 2 0 [ \  

9 ,  

-. . - . . . . . . -. - - --_ . - ~- 

* By (lay 7 after trcatliicwt. 
t " Eggs' ' rcifcrs to thosib which did iiot 11:itvIi  by d:iy 7.  

were sealed with I'arafilni to prevent dr!.ing 
during the incubation period. All tests were 
held at  28-32" C for 10 days and then at  room 
temperature for an additional 21 days. So 
contaminants were detected in this series. 

3. Experiments were done to determine 
ability to hatch and length of survival under 
different sets of sterile conditions, eggs having 
first been disinfected in groups and tubed in- 
dividually using the routine procedure. Main- 
tenance conditions were as follows (all a t  28" 
C )  : a )  In cotton-stoppered I\-asserman tubes 
containing 2 ml HS (31). (9  experiments). 
The initial pH was 7.6-7.8 but rose rapidly 
to 8.5-8.7 or higher. In no case was the 
original HS( 11) replenished or changed. al- 
though considerable loss through evaporation 
occurred during the observation period of 
several weeks. b) As in 'a' but with 5 0 0  rngT 
glucose added (6 experiments). c )  As in . i t '  

but tubes closed with rubber stoppers (3  es- 
periments). The initial pH was 7.6-7.8 and 
no changes in pH were observed during several 
weeks of observation. d )  As in 'c' above but 
bicarbonate omitted (3  esperiments). The 
initial pH of 6.8-7.0 remained during the 
period of observation. In these experiments it 
total of 340 mature eggs were treated and 
tubed, 292 (86%) hatched, and only 9 ( 3 % )  
of the hatched snails or unhatched eggs proved 
to be contaminated. Variations in hatch or 
sterility rates among the several experiments 
were negligible. All tubes were examined 
daily and a snail was recorded as having died 
only when heartbeat could not be detected. 

[-sing 50% survival, in terms of days after 
hatch. as an index, there were no significant 
\variations in length of survival, although 
mails in HS(31) plus glucose tended ,to live 
>lightly longer. Thus, all the 50% end-points 
fell between 11 and 20 days with the majority 
of them falling between 15 and 20 days. 
1)eaths were rare in the first 5-day period after 
hatch, a few deaths occurred in the next 5-day 
ii?terval. with a sharp increase during the suc- 
ceeding 10 days. Maximum survival in the 
\various maintenance conditions ranged from 
21-29 days except in one instance (in group 
*d ' )  in which a single snail survived for 52 
days. Similar observations were made when 
treated eggs were isolated in 5 ml HS(M) 
(500 mg% glucose in one group) in rubber- 
stoppered 20x150 mm culture tubes. The 
results paralleled experiments noted above in 
which smaller fluid volumes in smaller tubes 
were used. 

4. The heartbeat rate of newly-hatched 
(less than 24-hour old) A .  glabratus main- 
tained unfed in HS(M) a t  28°C under sterile 
conditions usually averaged 100-120 per 
minute. This rate declined steadily during the 
ensuing 5 days to about 60-80 beats per 
minute. No effects on rate of heartbeat were 
observed due to the presence of bicarbonate 
or glucose during this 5-day interval. Simi- 
larly. no differences were noted in comparing 
snails kept in cotton-stoppered tubes or in 
tubes sealed with rubber stoppers. However, 
temperature did affect rate of heartbeat. Three 
groups of 20 eggs each were disinfected and 
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the eggs isolated in 2 ml of HS(M) (plus 500 
mg"/cl glucose) in rubber-stoppered Wasser- 
man tubes maintained at  24, 28, and 32"C, re- 
spectively. The proportion of hatch was high 
in all 3 groups (18-19/20). However, on day 
5 (calculated from day of hatch for individual 
snails) the mean rate of heartbeat for the 
group at  24" was 73 per minute, at 2 8 O ,  82 
per minute, and a t  32", 97 per minute. Rate of 
heartbeat beyond the 5th day post-hatch var- 
ied greatly, presumably reflecting individual 
differences in response to inanition. 

5. A variable degree of 'success was achieved 
in attempts to secure viable, bacteriologically- 
sterile snails other than A .  glabratus. The 
outlined procedures were applied to mature 
eggs of Biomphalaria pfeifleri and results com- 
parable to those with A .  glabratus were ob- 
tained in regard to rates of hatch, sterility, 
etc. However, preliminary experiments with 
mature eggs of Lymnaea sp. and of Marisa 
cornuarietis were not similarly successful. 

Discussion. Some interesting aspects of 
the biology of A .  glabratus emerge from the 
foregoing studies. It is apparent that micro- 
bial action is not essential to the hatching 
process, that snails will hatch in a simple solu- 
tion of salts very different from the complex 
composition of pond or aquarium water, and, 
that once hatched, they may live for long pe- 
riods of time without food. The behavior of 
the newly-hatched isolated snail appears unaf - 
fected, except as manifestations of inanition 
develop, by the absence of living micro-or- 
ganisms, by differences in pH in the range 
indicated, by the presence of antibiotics or 
phenol red, or by being confined to small vol- 
umes of fluid in sealed tubes. 

The behavior of the normal snail in vitro 
before eclosion is rather characteristic. The 
snail's foot is almost always maintained in 
contact with the inner wall of the egg capsule 
even when the snail is not moving about ac- 
tively. Heartbeat is distinct. Although the 
cilia coating the tentacles and other exposed 
surfaces cannot be seen under the low-power 
microscope, the currents they produce are 
evidenced by movement of the particulate 
matter usually present in the fluid of the egg. 
The egg capsule itself is slightly yellow in 
color and usually retains its firm-looking, ellip- 

tical outline until the process of eclosion be- 
gins. This is initiated by a 'stretching' action, 
in which the snail appears to brace its shell 
against one side of the egg capsule and extend 
its foot against the opposite side, thus tending 
to distort the outlines of the egg. As the snail 
moves along the inner side of the egg repeat- 
ing this movement, the egg capsule eventually 
takes on a crinkled or partially-collapsed ap- 
pearance. The snail's mouth parts are in fre- 
quent motion during this process, and event- 
ually a small rent appears in the capsule 
through which the snail ultimately escapes. 
The snail may thereafter be seen crawling on 
its empty egg capsule but no effort to eat it 
has been observed. 

Once free of the egg capsule, the newly- 
hatched Isnail (which averages 0.7 mm in 
diameter) moves about actively with the foot 
in contact with the wall of the culture tube. 
However, after about 10 days some snails may 
be found detached from the walls. The foot, 
while partly withdrawn, may still be observed 
to move. Heartbeat, although slow and ir- 
regular, may be observed for several days to 
several weeks after other objective signs of 
life have ceased. By the time heartbeat has 
nearly stopped, the animal's soft parts appear 
translucent. 

The accumulated experience of rendering 
several thousand eggs bacteriologically lsterile 
indicatesB that 90% or more hatch during the 
first 3-4 days after treatment and only a 
negligible proportion thereafter. Nothing bas 
been noted to explain why some apparently 
normal mature eggs fail to hatch, even though 
many have been observed to live for as long 
as 2 weeks. In  a different category are eggs 
which contain immature embrym at time of 
treatment, since a very high proportion of 
such eggs regularly fail to hatch. There are 
a t  least 2 other circumstances in which rate 
of hatch may be materially reduced: a )  If 
mature eggs are subjected to too high a con- 
centration of disinfectant, or if they are ex- 
posed for too long a period of time, the un- 
hatched snails usually die within 1-2 days. 
The survivors rarely hatch; the foot is usually 
retracted and may appear partially disinte- 
grated and bordered by loose cellular elements. 
b) Hatching is also inhibited by the antifungal 
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antibiotic Mycostatin9 a t  certain concentra- 
tions. This substance was added to a few 
tubes in some of the preliminary experiments 
in an effort to 'suppress mold contaminants. 
In  concentrations of 12.5 or 25 units per nil 
molds were suppressed but few or no snails 
hatched; a t  5 units per ml a small proportion 
of snails hatched but molds were not uniform- 
ly suppressed. I t  is of interest that a very 
low concentration of Mycostatin is rapidly 
lethal to adult A .  gZabratus(9). 

The development of a technic for securing 
newly-hatched, bacteriologically sterile, ..I. 
&bratus should permit a variety of additional 
studies. For example, the nietabolic charac- 
teristics and nutritional requirements of the 
young snails can be investigated in the absence 
of micro-organisms or in the presence only of 
selected micro-organisms. Furthermore, snail 
tissues free of contamination can now be se- 
cured for in vitro cultivation. Finally, 'germ- 
free' snails maintained under sterile conditions 
should provide an ideal tool for screening and 
studying microbial or viral agents which might 
be of value in biological control. Aspects of 
these problems are now under investigation. 

Details of a technic are pre- 
sented by means of which newly-hatched. bac- 
teriologically sterile snails (rl ustralorbis glu- 
bratus) can be secured for study. Snail eggs 
containing mature embryos are separated 
manually from the egg-mass, disinfected ex- 
ternally with dilute sodium hypochlorite, and 

Summary. 

9 Squibb brand oi  Systatin. Kindl?. supplicd I)? 
E. R. Squibb and Sons, Sew Brunsvick. S. J .  

isolated in sealed tubes containing a suitable 
salt solution and antibiotics. Using this pro- 
cedure, 90-100% hatch occurs within 3-4 days 
of treatment, and tests have shown that only 
a negligible proportion are bacteriologically 
contaminated. Details of maintenance, be- 
havior, and longevity of these snails are dis- 
cussed. 

I am indebted to Dr. E. H. Michelson for main- 
taining the colony of A .  glabratus from which the 
c'ggs used in these studies were derived; to Dr. John 
H. Hanks, Harvard Medical School, for suggestions 
rcrrarding the composition of HS;  and to Miss Sarah 
E.  Dwifht ior technical assistance. 
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Observations on in vitro Behavior of Altered Mononuclear  Phagocytes 
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Although cellular response to infection with cular infections( 1,2,3). Mononuclear phago- 
the tubercle bacillus has been extensively in- cytes have been proposed as the main factors 
vestigated, there is considerable difference of of resistance to tuberculosis infection (4,s). 
Opinion as to the role Of phagocytes in tuber- ITorwald and co-workers(6) indicate that 

BCG Will produce fatal CaVitary disease in 
grant from Public Health Service. silicotic guinea pigs. Dubos ( 3  1 pointed out 
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