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During the suumer of 1917, while engaged in the experimental
propagation of mussels, the attention of the author was directed to
wvaequired imimunity in fish, acting as the host, to glochidia, the
tirval form of the fresh-water mussels, acting as the parasite. It was
noticed that after two successive optimum infections of glochidia on
the tills of a fish (this constitutes about 2,000 per individual with the
specivs used) that the fish, whicl previously had carried the larval
mussel through to maturity, did not permit the complete metamor- g
phosis of a third or any subscequent infection. In every case the glo-
chidin would attach normally, both as to time of attachment and
number, but if the fish had had two previous infections or preferably
three, the glochidia would drop off in 24-72 liours without any notice-
able progress in their metamorphosis,  The glochidia during the
sununer dre normally parasitic for two or three weeks during which
tisie their mictamorphosis is completed.?

This artificial immunity to the metamorphosis of an animal para-
site was strikingly apparent during the summer in 1917, in the short
and long-nosed gar, Lepisosteus osseus, and Lepisosteus platostomus,
which were being used as the specific host for the yellow sand shell,

Lampsilis anodontoides.  Because of the strong vitality of the gar,
: lots of 8 or 10 were used repeatedly for artificial infectionis, But
with striking uniformity the metamorphosis was not completed on
the third or subsequent infections.

Tlie probability of an acquired inmunity has been supported by
Mr. Thaddeus Surber. Howard® calls attention to Surber’s views and
mwntions that Surber observed sunfish “which received glochidia on
the tirst mfection, but not the second.” Mr. Austin F. Shira has told
me of cases he has observed where an acquired immunity has been
vooduced alter two or three infections,
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It speaking of natural immunity, for example, such as the larpe-
mouth black bass, Micropterus salmotdes, has for the yellow sund
shell, Lampsilis anodantoides, Tefevre and Curtis® mention such
mechanical factors as configuraton of mouth parts, texture of gills,
smallness of gill openings, and rapidity of fin movemeats.,  Howand
i1 discussing the same condition very aptly says that “it seems not
inprobable that the tissues or blood of the nonhost possess reactions
in the nature of antibodies, precipitins, and other immunizing agens,
such as these discovered in the higher vertehrates, while the gl
chidium is eapecially adapted to the reactions of the appropriate host”

During the sumnmer of 1918, while stil! cougaged in the propagation s
mussels, [ planned on determining the more mmportant facts i regard to e
acquired Immuunity encountered duving the preceding suwmmer.

Unfortunately, the yellow sandshell, Lampsilis anodentoides, which is pua-
sitic! on the gar, did not spawn until fall, MHence orther spectes of host as woll oo
parasite had to be used. Through the ever ready etforts of AMr L [
Canfield, I was able to secure an unlimited supply of the Lake Pepin wucher,
Lampsilis luteola, and a limited number of large-mouth black bLass, Microptenn
salmoides. The fish were separated into lots of 4 or more each and phived
in sheliered troughs 12 feet long, 1 foot wide and 18 inches deep, snppied
with running water from the Mississippt, The hottom of the troughs w..
covered with sand and gravel. The fish were fed twice a week with minnoews
crayfish, or grasshoppers. The fish remained in excellent condition through:
out the entire summer, their vitality increasing rather than diminishing.

To simplify the report, I will give in detail the infections, species of -
sels used, and the results obtained from one lot of fish.

The fish 1o be described are designated in my records as Lot 2.B, com.
posed of 8 adult bass, Micropterus salmoides, varying ia size from J-W
inches long and all in excelient condition. Some of these were caught m
the Mississippi, others were raised in the ponds at the Fairport Biologi.
Station.

June 23, 1918, these fish were put in one of the troughs already describe
On June 25, they were infected with L. inteola, The glochidia attachcd
rapidly and it was estimated that about 2,000 had encysted on the gills o
each fish. Specimens of the gills were taken every 2nd or 3rd day. Thr
glochidia were well encysted and the metamorphosis proceeded noranl!,
The mussels dropped off after a parasitic period of 18 days. On Seprembes |}
well-developed mussels averaging 15 mm. in length were recovered from v
infection.

After a 6-day rest the fish were moved to another trough and reinfecie?
with L. futeola on July 18. The glochidia attached well and completed thic:
metamorphosis in 11 days, the hAsh bheing free of the infection on July M
On September 5, well-developed mussels averaging 10 mm, in length were
recovered from this second infection.

t Bull, U, 8, Bureau of Fisberics, 1912, 30, p. 109.

+ For a diseussion of the restricted parasitism among the fresh-water mussels, see Surle-
T. 1913. Notes on the natural hest of fresh-water mussels, Bull, U. 8. Bureau of Fisheror
1913, 32, p. 10L




e skt vl

ACQUIRED TMMUNITY TO AN ANIMAL PARASITE 339

On August 20 after a 3-day interval, the Gish were again moved to another
trough and reinfected with L. lutesla. A control infection, using 4 adult
bass which had been raised at the station and had uever been infected with
glochidia, was made at the same time. On all contrnl infections I have
suspended the glochidia from 3 or 4 mussels in a bucket of water and have
divided this mixture between the contral and experimental fish, thus elimi-
uating the possibility of applying “unripe” glochidia, or glochidia which were
unusually active {from one mussel to oune set of fish and not to the other.
Io this infection hoth the control and the ariginal fish (Lot 2-B) received
the glochidia rapidly and well, to the extent of about 2,000 glochidia per fish.
On examimation after 24 hours the gills of the fish which had previously
been mfected twice showed marked necrosis and sloughing of the epithelial
¢yst around cach glochidium,  Under the micrascape the glochidia had ahout
them an unuswvally heavy cyst which, in certain instances, was in the process
of being sloughed off along with the glochidia; the glochidia themselves
showed 2 cerfain amount of disintegration. The shell was still intact and in
fact remained so throughout, but hetween the valves there was considerahle
cellufar debris which had broken off from the glochidium itself, The control
fish, examined at the same time. showed well-encysted, normal glochidia.
Alter 48 hours the eriginal lot of fish, except one fndividual which was the
smallest fish of the lot and which will be discussed later, was entirely free
from s infection and the gills were a normal, healthy red. The control fish
held their infection throughout: the glochidia completed their metamorphosis
normally and dropped off in 12 days. Well-developed, growing mussels
averaging § mm. in length were recovered niy Sept. 3 from this control infection.

This result was in accord with wmy previous observations that the
immunity was acquired after two infections and that the glochidia
would react the same way on any subsequent infection.

The question now arose whether fish which were the host for
more than one species of mussel and had become immune to one of
those species would likewise be immune to the other species, It may
be stated here that we recognize the large-mouth black bass, M{crop-
teris salmoides, as the host for the glochidia 6f 4 mussels Lampsilis
nteola, L. ventricosa, L. ligamenting, and Quadrula plicata.

To solve this problem T used the 8 bass (Lot 2-B) wwhich had
become imnue to Lampsilis Juteola. These fish were allowed to
rest 10 days after killing and sloughing off the third infection of
Loluteola, They were then infected on August 14, with L. ventricosa.
A control infection was made with 5 previously uninfected bass from
the ponds. Both the origival 8 fish (Lot 2-B) and the 5 control fish
took the infection well. In 36 hours the fish which were previously
mmune to L. luteola had sloughed the infection of L. ventricosa
entirely off, with the same pathologic changes previously described.
The control fish held the infection normally and carried the glochidia
to complete metamorphosis in 12 days,
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These 8 fnmune fish were then allowed to rest o week.,  Thes
condition was even better than when they were received in June. o
August 21, they were infected with Lampsilis lgamentina. Ao
infection was made with three bass which had never carricd glochy!
The glochidia attached rapidly and exception: ally well to both lot-
fish, The hnmune hsh slonghed off the glocl Ndin just as ey
done before. Considerable necrosis occurred in 24 hours amd th
were absolutely clean in 48 hours. The comrol fish held the ot
o maturity and dropped them with metamarplioss c<>n*.'_;'u::u i

days,
Unfortunately, it was impossible to oblain any

plicata; hence no iniection could be made with this

The foregoing account of the immunity fnduced 10 the » b
described, is typical of the immunity induced in all fsh with whe
I have worked and which have had two or three maximum infutn .
of glochidia during the same summer.

TIIE NATURE OF THE IMMUNITY

With these facts as presented it became necessary to determing,
possible, the factors which made a nonhost of a fish which had «
cessfully carried at least two infections.

The possibility of a large increase of fibrous scar tigatie {rom v
repeated irritation, thus producing a miechanical immunity, had 1o
considered. Even a superficial consideration makes this seem unliked
since an increase in fibrous tissue sufficient to interfere with the noe
ishment of the glochidia would certainly interfere with the respirat
of the fish, and, as has been above stated, the fish were in exeel™
condition throughout. However, a number of sections of the o
Slaments from the inmmune bass and from normal, uninfected |
were made and stained for fibrous tissue. These were examined ¢
fully but in no instance was there any noticeable increase in b
amount of fibrous tissue in the immune gills.

Another factor which presented itself was a possible iercasr
the number of mucous cells aronnd the tip and periphery of ewclis
filament in the immune bass,  The mucous cells on the gills are s
sidered to have two functions: (1) That their secretion is toxic -
bacteria and that they thus keep the delicate gills free of infer
and (2) that the mucous secreted washes away dirt and debris w!
may collect on the gills. Hence, it is conceivable that an enori
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increase 1 the number of mucous cells, and thus a greatly increased
seerction, might make the gills untenable for glochidia. To test this
possibility, filaments of the same size were cut from normal and
aumune bass of the same age. These were sectioned serially, stained
for mucous cells, and the cells counted on both immune and normal
flaments, Although the number varied considerably there was no
constant inerease or decrease pn either the normal or immuune fila-
ents.,

With these two possibilities eliminated it was thought probable
that the blood of the timmune fish had acquired some specific antibody
for the glochidia. With this in view, experiments involving two blood
reactions were determined on. The first of these was to ohserve the
reaction of the glochidia in the immune serum. To accomplish this
the Blood of one of the imnnme bass and the blood of a bass which
had never been infected were drawn into stertle test tubes and allowed
tu remain in the jcebox 12 hours. The glochidia of Lampsilis luteola
were then carefully removed from the marsupium with a sterile pipet
and wished 4 times with distilled water. A drop of the immune and
normal serum was then drawa {from the clotted bloods, placed on
cover glusses, and 6-8 gaping glochidia introduced into each. These
were inverted over hollow ground shides and sealed with vaselin. In
both cases the glochidia Immedintely snapped shur, The glochidia in
the inunune and coutrol serums remained the same for about 2 hours.
Then the glochidia of the hnmune scrum began to show a striking
renction. The eells of the mantle laver and around the adductor
muscle tn the glochidin were slowly desquamated and were eventually
broken up into cellular debris. Insome cases the valves opened par-
gally and the debris protruded to the outside. In other cases the
vilves remained i fairly close proximity to one another and the
debrls collected i drregular clumps along the inside margin of the
vilves.  This procceded until the entire iuternal structure of the
vlochidium was destroyed; no further reaction occurred and the
vilves remained intact throughout, The control remained alive and
normal for 48 hours,  In other words, the blood of the immune bass -
contained a cytolysin for the cells of the glochidia. It will be noticed
that this reaction is in accord with the observation I had previously
made of the way the glochidia reacted on the gills of the immune fish.
The reaction was naturally slower on the gills because the glochidia
did not come in contact with as much of the fish’s blood at one time.
ft may be noted here that the glochidia actually do come in contact
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with some of the fish’s blood and lymph when they first attach i
quote Lefevre and Curtis = “Since the hookless glochidia, which .o
essentially il parasites and, when taken into the mouth of the 1
lodge simang the will Nhuments, produce abrasions of the dodier
epithelium covering the latter, a more or less extensive hemorl
from the blood capillaries occurs, as may be readily seon from
WICroscopic examination, It is therefore evident that Blood o
from the gill filaments in the tmmediate neighborhood of the :
chidia must have the same effect as I our experiments. e
exciting vigorous contractions of the adductor muscle furuii
efiicient stimulus in bringing about a firn and perment atlaci.
to the faments.”

This hanging drop experiment has been repeated several
with the glochidia of I.. hateola, L. ventricosa, and L. letunead:
The resuits have been uniform except that some of the antiseror
apparently contained a less active cytolysin than others, some Yo
ing 6-12 hours to produce the results,

Since 2 few of the glochidia must die and be partially absorh,
by the fish's blood and since all of them come in fairly close cont
with the biood, it was thought possible that a precipitin was foryue
in the blood of the immune bass.

Uhlenhuth® after 24 days produced a precipitin in a rabbit fod .-
egg white and Metalnikoff® produced a hemolysin in the serum of ry:.
fed on horse blood, hence it was deemed not unlikely that a previpdn
would be formed in the fish from such repeated and close contucl o)
the glochidia with the respiratory apparatus. -

The amount of blood obtainable from a bass is very limited, Les,
capillary serologic tubes were used for this work. The blood wa.
collected in sterile test tubes and put in an icebox for 12 hours., Th-
bloed from normal, uninfected bass was used as a control, Glochit,
were removed from the marsupivm of a gravid L. luteols, ground 1
a homogeneous mixture in a sterile mortar with normal salt solute
and centrifuged. The glochidia extract was used in dilutions of |1
1:3,1:20,1:50, 1: 100, and 1:200. One drop of the immune serin
was added to each dilution. Controls of normal SEriM were run s
by side with the serum being tested, The technic used by Nuttal
was followed fairly closely, The results were not striking enough 1»

P Ztschr. £ Iy . Infektionskr., 1897, 26, p. 384,
? Centralbl. £, Bukteriol,, 1901, 29, p, 531,
7 Blogd Immunity and Biead Relationship, 1904.
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ivite much conlidence. The 118 dilution of the glochidia extract
with ene’drop of the immune sepum added to it showed a fairly con-
stant cloudiness and a light flocculent precipitate after 24 hours at
room temperature. . The control remained clear throughout.  This
was the only dilution in the several scts of tests which showed a
constant precipitate—and i one set even this dilution failed, Other
dilutions would often show a cloudiness or opacity, but, as Nuttall
points out, no conclusions can be drawn from such cloudiness.  This
is espevially true when working with a substance such as the glo-
chidial extract.  DBecause of the shortness of time more extensive tests
were not undertaken. Heuce I do not care to draw any final conclu-
sions as to the presence or absence of a precipitin. In general, the
tests indicated that a very weak precipitin was present in the anti-
serums, but it will require more extensive work to determine this point.

TIIE FACTORS INVOLVED IN PRODUCING TIIE IMMUNITY

Several factors might be involved in producing the immunity. If
we assume, with Lefevre and Cyrtis® that the epithelial cyst formed
about the glochidium s stimulated by a seeretion of the glochidium
asowell as by the mechanical “bite,” and when we further consider
that these stimuli are applied to the extent of about 2,000 per fish at
a smigle infection, it does not scem improbable that antibodies to this
stiniutus and to the glochidia might be formed similar to the antivenin
which Calmiette® has produced for snake toxins, the hemolysins
Metahiikolf produced, or the antibodies including the precipitin
which  Bashford”. has produced in z rabbit treated with crotin.
There exists also the possibility that the antibodics, especially the
cytolysing are stimulated to production by the absorption of glachidia
which have died on the fish during their metamorphesis.  From
microscopic examination there is fairly good evidence that a few of
the glochidia do die on the gills. When the fish carry nearly 2 maxi-
mum indection, as they do in the artificial propagation work, the
nimber which die, although very limited, must proportionately
increase. Hencee, if these are absorbed while still in the cyst we have
a fairly plausible explanation of the cause of the immunity. For, as

nehiltze produced an antiserum for the vegetable protein “Roborat,”-

for muscle albumen, and a generalized yeast precipitin for the yeasts,

¢ Ans, de PInst, Pastewr, 1895, 9, p, 225,
! Tour, Pathol. and Bacteriol, 1982, 8, p. 59.
® Deutseh, med, Webnschr, 1962, 28, ¢, 864,




344 F. H. Revring

it scems likely that antibodies would be formed by the absorption
albumen of the glochidia.

Late in the swmuer of 1918 in an effort to induce a simil.
mmunity imnoa normal bass T made 3 injections into the abdoni
cavity of an adult bass of filieved, ground glochidia,  The mjuen.

were nrude 4 days aparc and consisted of O3 oo Toe and Zoe W

thiz fish was infecred along with o knows Imanwie wad 2 known o
E‘!

wal fish 1t held the glochidin epuadly as weoll as rhe normal D o
the tmunuae shed the infection within 36 hours 2s provinnshy Jeser

& Inotier words, the immunity was not fnduced by the Tnjea as s
The failure of this may be explained in one of two wavs: (171
the injections were small and did not last over a long cuough jet.
of time, and (2) that the glochidia were filtered. Tt may be that ¢
shells of the glochidia are involved in the inununity production .
that the immuanity producing sustanee was fltered out, 1t will &
recalled that Graham-Smith™ found that Limulus serum unlike mas
malian and avian serums, when passed through a porcelain Alter o
fonger produced a precipitin when tested with anti-Limulus sere
while the unfilfered serum did.

‘The question is now naturally raised: IHow long will the imnsin
persist and what effect will it have on the commercial application «:
the artificial propagation of the fresh-water mussel?

~ These two questions are unanswered as yet, and only the surver
lance of the immune fish from year to year will determine it. 17t}
numunmty does last for several years it will constitute an additivn.
hazard in the artificial propagation of mussels, This is true becun:
under the methods now in use the fish are seined drom the rive
infected in an hour or so, and turned back again. There is at preees
no way of telling whether these fish hold the infection or mot, 5
with the extension of artificial propagation a great many fish beeor
immmuge in a restricted area, the fish may be infected over wmd e
again with the false idea that they are retaining the infection ¢
time, while in reality they may be sloughing them off in a day or tw.
This suggestion is merely offered as one of the factors which nust 1
considered in the event of more intensive artificial propagation wo-t
and applies especially to any attempt at trough, pond, or small Li-
propagation on a commercial or even practical basis,

% Blood relationship amongst the lower vertebrates and arthropoda, ete., as fnd. .
by 2500 tests with precipitating antlsera, 1904,
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The past summer there was under consideration one bass of normal
v which from the first of the season refused to hold the glochidia.
Pivied to infect this fish repeatedly, but it would invariably slough
them off in 24-48 hours.  This bass is one that remained in the ponds
af the station over winter, but there is no record to show how many
ties it was infected during the preceding swnmer. It acted through-
out like those fish which had the artificial immunity induced in them
v previously deseribed, and it wounld seem likely that this fish had
soquired an immunity during the preceding summer and still main-
tined it aver the period of a year.

Parly in the paper the fact was mentioned that one of the small
bass—npparently a 2- or 3-year old belonging to the described Lot
2 ie—hid not become immune after the second infection but required
a third intection before it exhibited the same reactions which the
rger and older fish showed after 2 infections. In my records this
e to e o fairly constant condition, T would explain this circum-
winee by pointing out that the older bass have had a number of
neiral and hence small infections, and that thus they have been
+urted toward an acquired iminunity although they might never have
reached complete immunity under natural conditions. But when these
- hoare artificially infected with 2,000 or more glochidia their immu-
sty s completed very rapidiy—in my records same of the very large
b have become imnune after one infection. On the other hand,
dhe small bass will often require 3 infections. This is natural since
the younger bass have not received any preliminary glochidia and
penee require 3 heavy infections to produce the same degree of
Bty

Prof. H. 8. Davis has ealled my attention to certain unreportesd
aaditions produced by myxosporidia, On young buffalo fish, Ictiobus
“ebalus and 1. cyprinella, in ponds where gill species of the myxo-
paridia were abundant, he has found practically a 1009 infection,
hile on large and old buffalo fish, even in the same pond, the infec-
s will be very light or totally absent.  Since these myxosporidia
ayst themselves and eventually come in contact with the blood
‘oot is possible that the older fish have acquired an immunity to
the parasite similar to the one desceribed above.

Furthermore, Wilson®® calls attention to the fact that the presence
of glochidia and copepods are antagonistic to one another. That is,

4

T RuL U, 5. Bureau of Fisheries, 1914, 34, p. 333,
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if a fish has a heavy infection of copepods it will receive only a
mited number of glochidia and vice versa. It may be stated here
that the experimental fish which have been described in the present
report have been exceptionally free from copepods, e goes on o
say that this incompatibility is probably chemical or physiolegic T
s action,  The same author™ introduced {ree-swimming copeprdid
larvace, gills of a fish heavily infected with glochidia, and gills free of
glochidin into an aguarium.  On the following moring the ailis that
had no glochidin were well covered with copepodid Tarvae, Dt e

of these larvae had attached to the gills that were alrede oooupied
. 1 .

: L s :

wehidin,  This aw point to a delionte sooretion widfch e

[EREI

wlochidin have, which is istrumental in producisg the fipmaniy ol

ar tixe same tie s antagonistic for other {orms such as the capepnd-

CONCLUSIONS
An hmmunity to the metamorphosis of glechidia is produced in
fish after repeated heavy infections,
The fish becomes immune to all the species of glochidia for which
it is a host.
The immunity is a blood immunity and is not concerned with
mechanical factors,

't Bull. U. 8, Bureau of Fisheries, Doec. 854, 1917, 35.

T R A e 8 S g T - fRp— o - e e




