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Abstract: A Yersinia enterocolitica serotype 9 was isolated from pond water; Y.
enterocolitica-like bacteria were also isolated from pond water and from three species
of snails (Lymnaea palustris clodes, Helisoma sp., Oxyloma retusa) from the Edwin
S. George Reserve in southeastern Michigan. There was evidence for biochemical
stability among some of the organisms over a period of years. There also was evi-
dence of transmission of these organisms to snails from the water.

INTRODUCTION

In recent years, a great deal of infor-
mation has been gathered on Yersinia
pseudotuberculosis and Y. enterocolitica
in wild anmials.”'*"

After Y. enterocolitica and Y. entero-
colitica-like bacteria were isolated from
deer and from frogs and snails' taken
from the George Reserve in Michigan, a
more detailed study was made to deter-
mine which ponds and aquatic species
carried these organisms.

MATERIALS AND METHODS

The Edwin S. George Reserve is a
485 ha tract of land in the southwest
corner of Livingston County, Michigan,
about 40 km northwest of Ann Arbor.
About 35% of the reserve is woodlot
(predominantly Quercus-Carya), about
2% is brushland, and about 40% is

grassy upland; the remaining 23% is
composed of ponds, swamps, bogs and
marshes.

In 1968, aquatic animals were collec-
ted between 1 May and 28 August from
Crane Pond, Fishhook Marsh, and
Southwest Swamp. These included leo-
pard frogs (Rana pipiens pipiens), bull-
frogs (Rana catesbeiana), green frogs
,(Rana clamitans melanota), midland
painted turtles (Chrysemys picta mar-
ginata) and common snapping turtles
(Chelydra serpentina serpentina).® The
snails were Physa sayii, Helisoma spp.,
Lymnaea (Stagnicola) palustris elodes,
and Oxyloma retusa. Limited collections
of O. retusa and water samples also were
made between 2 May and 20 September
1969.

With the exception of O. retusa, snails
were pooled and each pool was ground
with a mortar and pestle after a rinsing
in absolute alcohol. The remains of each
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pooled sample were added to trypticase
soy broth with 0.5% yeast extract and
50 xg/ml of potassium tellurite.

Specimens of O. retusa were scrubbed
in a solution of 200 ppm Iosan in tap
water. After rinsing in sterile distilled
water, each pool of snails was ground
with a mortar and pestle. Half of the
remains were stored in a screw-capped
tube containing 10 ml of trypticase soy
broth, 0.5% yeast extract, and 25 ug/ml
of potassium tellurite (TY-25); the other
half was stored in screw-capped tubes
centaining 10 ml of trypticase soy broth
and 0.5% yeast extract (TY-0).

Water samples were thoroughly shaken
and filtered through a cellulose triacetate
membrane with a pore size of 0.45 um.
The membrane was divided into two
parts; one part was stored in a tube of
TY-25 and the other was stored in TY-0.

Additional information about the study
area, the number of animals sampled,
and methods of collecting and handling
the specimens has been reported pre-
viously.?

Bacterial isolations were made on Mac-
Conkey Agar@5 after the samples were
stored at 4 C for approximately one
year. The isolates were characterized by
standardized methods.”

The pathogenicity of the isolates was
determined at levels of 10** and 10*°
bacteria, with 18-hr cultures of each iso-
late grown at 26 C. Three 7-week-old
Swiss mice were injected intraperitoneally
with each dose of bacteria in 0.1 ml
amounts. The mice were observed over
a 30-day period.

Representative isolates were sent to the
U.S. Public Health Service, Center for
Disease Control, Bureau of Laboratories,
Fort Collins,.Colo., for serotyping tests.
Isolates were evaluated by a whole cell
bacterial agglutination test with antise-
rums to Y. enterocolitica serotypes 1 to
21, 24, 32 and the new, undesignated
types Arizona and Tacoma, as well as
with antisera to Y. pseudotuberculosis
serotypes I through VI.

@ Difco Laboratories, Detroit, Michigan.

RESULTS

Nine strains of Yersinia enterocolitica
and Y. enterocolitica-like organisms were
isolated. Strains N7-41 and N7-44 (N7
series) were isolated from a pool of two
snails (L. palustris elodes) collected in
the canal between Crane Pond and Fish-
Hook Marsh (Map given in earlier re-
port®). Strains N19-41 and N19-42 (N19
series) were isolated from a snail (Heli-
soma sp.) collected from Southwest
Swamp. Strains N62-41T and N62-42
(N62 series) were isolated from a pool
of 46 O. retusa collected from Southwest
Swamp. Strains W5-42, W9-42, and W10-
43 were isolated from three water sam-
ples collected from Section b of Crane
Pond.

All nine strains were gram-negative,
catalase positive rods. They were motile
at 26 C, but not at 37 C. All were
urease positive, H-S negative, indol posi-
tive, methyl red positive or =+, acetyl-
methylcarbinol positive, and phenylala-
nine deaminase negative. All fermented
glucose in the O-F test. All were lysine
decarboxylase negative and ornithine de-
carboxylase positive. They grew in KCN
broth at 26 C and 37 C. In a purple
broth base all nine strains utilized ara-
binose, xylose, fructose, galactose, man-
nose, sorbose, lactose, maltose, sucrose,
trehalose, glycerol, mannitol, and sorbi-
tol. None of the strains utilized dulcitol
or adonitol within 14 days. Variation
occurred with citrate, melibiose, salicin
and rhamnose (Table 1).

Strains N7-41, N19-41, and N62-42
from snails, and W5-42 and W9-42 from
water were inoculated into mice; none
of the mice died within 30 days.

Strains N7-44, N19-41, N62-42, W5-
42, W9-42, and W10-43 were serotyped.
Two strains (5F4-32, 5SM4-43) reported
earlier' also were serotyped. Strain WS-
42 from water was identified as Y. en-
terocolitica serotype 9 and strain SF4-32
from a frog was identified as serotype 8.

) Use of trade names is for identification only and does not constitute endorsement by the Public
Health Service or by the U.S. Department of Health, Education, and Welfare.
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The other strains were not serotypable
and are designated as Y. enterocolitica-
like bacteria.

The variation between the Y. entero-
colitica and Y. enterocolitica-like bacteria
isclated from the George Reserve fauna
and water is presented in Table 1. Data
on strain 5F4-32, the 2F33 and 2F3S§
series, the 5M4 series and the deer iso-
lates were obtained from previous stu-
dies.""

Strains 5F4-32 and SM4-43 from frogs,
N7-44 and N62-42 from snails, and W5-
42, W9-42 and W10-43 from water were
further characterized. In addition to re-
actions previously reported,’ all reduced
nitrates and were ONPG positive: none
utilized malonate. They all utilized cel-
lobiose, arabinose, galactose (strain SF4-
32 was not tested), trehalose, sorbose,
and maltose. Variations were observed
in the lactose O-F Test carried out at
25 C, aesculin hydrolysis, and utilization
of raffinose and inositol (Table 2).

DISCUSSION

Of the strains previously identified as
Y. enterocolitica, the M series was iso-
lated from white-tailed deer (Odocoileus
virginianus) harvested in the winter of
1965, and strain 5F4-32 was isolated
from a pool of three leopard frogs (Rana
pipiens) collected in the summer of 1966
from Fish-hook Marsh.! Of the Y. en-
terocolitica-like bacteria, the 2F33 and
2F35 series were isolated from two green
frogs (Rana clamitans) collected in the
summer of 1966 from George Pond; the
5M4 series were isolated from a snail
(L. palustris elodes) collected in the sum-
mer of 1966 from Fish-hook Marsh.! In-
cluding the data from the present study,
these bacteria were isolated over a 5-
year period from deer, two species of
frogs, three species of snails, and direct-
ly from pond water: the isolates were
associated with four or five ponds stu-
died on the reserve.

The strains that could not be sero-
typed (reported previously' as well as in
this study) generally follow the bioche-
mical reactions characteristic of Y. en-
terocolitica given by Nilehn.® Exceptions
are the utilization of citrate, rhamnose,

melibiose and raffinose by many of the
George Reserve strains.

Strains W9-42 and W10-43, and the
N7, N19, and N62 series are virtually
indistinguishable from the S5M4 series,
and this entire group will be referred to
as the snail-water series. The deer iso-
lates, strain S5F4-32, strain WS5-42, the
2F33 and 2F35 series, and the snail-water
series all appear to be biochemically and
serologically distinct. Two possible inter-
pretations are that these organisms are
part of one larger population in which
different variants are selected under vary-
ing circumstances, or that there are a
number of stable strains adapted to
specific niches.

The isolates of the snail-water series
were biochemically very similar, despite
being collected from different hosts and
ponds over a 2-year interval. Serological
and biochemical determinations indicated
that strain SF4-32 from frogs was very
similar to a strain of Y. enterocolitica
reported 30 years earlier from a human
in New York.” This evidence suggests
that at least some of these organisms re-
main relatively stable and autonomous
over a period of years.

The biochemical similarity between the
strains in the snail-water series suggests
the possibility that Y. enterocolitica is
transmitted regularly to snails from the
water. The apparent transmission of Y.
enterocolitica to a human from water
has been reported recently.* The isola-
tion of Y. enterocolitica and Y. entero-
colitica-like bacteria from three of nine
water samples from the portion of a
pond used frequently by deer would sug-
gest a similar relationship between pond
water and the deer. But the consistent
biochemical differences between the
water isolates and the deer isolates argues
against this.

The isolation of Y. enterocolitica-like
strains from Oxyloma, an intermediate
host of the deer meningeal worm (Pare-
laphostrongylus tenuis), suggests that
these snails could carry these bacteria
from infected to uninfected deer. How-
ever, other evidence indicates that Oxy-
loma does not play a major role as a
carrier of these organisms. Nineteen
pooled samples containing 193 snails
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were analyzed, but only one pool of 46
snails had Y. enterocolitica-like organ-
isms, which indicates that the frequency
with which Oxyloma carry these bacteria
is probably very low. Moreover, the or-
ganisms carried by Oxyloma were bio-
chemically different from those isolated
from the deer.

The isolation of Y. enterocolitica or
Y. enterocolitica-like bacteria from the
intestines of the deer, frogs, and snails

Acknowledgements

indicates that food or water is a common
source. The food habits of these animals
vary, but all need water. In the past,
nearly all hypotheses for the perpetua-
tion of yersinioses depended on animal
reservoirs. Based on the possible trans-
mission of these bacteria to aquatic snails
from the water, and the isolation of yer-
siniae from water in other studies***® we
suggest that water or soil also may be a
reservoir.

The authors thank Dr. Bruce W. Hudson and Ms. Katherine Wolff for serotyping the strains.

LITERATURE CITED

1. BOTZLER, R. G., T. F. WETZLER and A. B. COWAN. 1968. Yersinia entero-
colitica and Yersinia-like organisms isolated from frogs and snails. Bull.

Wildl. Dis. Ass. 4: 110-115.

2. —————. 1973, Listeria in aquatic animals. J. Wildl. Dis. 9: 163-170.

3. COWAN, S. T. and K. J. STEEL. 1965. Manual for the Identification of Medi-
cal Bacteria. Cambridge University Press, London. 217 pp.

4. KEET, E. E. 1974. Yersinia enterocolitica septicemia. N.Y. State J. Med. 74:

2226-2230.

5. LASSEN, J. 1972. Yersinia enterocolitica in drinking water. Scand. J. Infect.

Dis. 4: 125-127.

6. NILEHN, B. 1969. Studies on Yersinia enterocolitica with special reference to
bacterial diagnosis and occurrence in human acute enteric disease. Acta
path. microbiol. Scand. Suppl. 206: 1-48.

7. SCHLEIFSTEIN, J. and M. B. COLEMAN. 1939. An unidentified micro-
organism resembling B. lignieri and P. pseudotuberculosis, and pathogenic
for man. N.Y. State J. Med. 39: 1749-1753.

8. TOMA, S. and L. LAFLEUR. 1974. Survey on the incidence of Yersinia
enterocolitica infection in Canada. Appl. Microbiol. 28: 469-473.

9. WETZLER, T. F. 1970. Pseudotuberculosis, p. 224-235. In: Infectious Diseases
of Wild Mammals. J. W. Davis, L. H. Karstad and D. O. Trainer (eds.).
The Iowa State Univ. Press, Ames, Iowa.

10. ————. 1971. Pseudotuberculosis, p. 75-88. In: Infectious and Parasitic Dis-
eases of Wild Birds. J. W. Davis, R. C. Anderson, L. Karstad and D. O.
Trainer (eds.). The Iowa State Univ. Press, Ames, Iowa.

11, ————— and W. T. HUBBERT. 1968. Yersinia enterocolitica in North Ameri-
ca. Symp. Series Immunobiol. Standard 9: 343-356.

Received for publication 5 December 1975

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 18 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use





