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During a 4-year period, 4,448 human, animal, and environmental samples
collected in New York State were tested for the presence of Yersinia enterocoli-
tica or related species. A total of 339 isolates were identified as Yersinia and
characterized according to source, species, biogroup, serogroup, and, in some
instances, phage type. Four new biogroups of Y. intermedia were characterized.
Of 149 human isolates, 120 (80.5%) were identified as Y. enterocolitica, and 29
were identified as either Y. intermedia (12.1%), Y. frederiksenii (5.4%), or Y.
kristensenii (2.0%). Of the other 190 isolates, recovered from animals and the
environment, 54 (28.4%) were Y. enterocolitica and 136 were either Y. intermedia
(62.6%), Y. frederiksenii (4.7%), Y. kristensenii (3.7%), or an undescribed Yersinia
species (0.5%). Two established human pathogenic strains of Y. enterocolitica
were recovered: 59 isolates (37 from an outbreak) of "American strain" (serogroup
0:8, biogroups Nil6hn 2, Wauters 1, and Knapp and Thal 2, phage type X,) and
11 isolates of "Canadian strain" (serogroup 0:3, biogroups Nilehn 4, Wauters 4,
and Knapp and Thal 1, phage type IXb). This was the first documented isolation
of the Canadian strain in the United States. Isolates of other strains implicated
in human disease (serogroups 0:4,33, 0:5, 0:6,31, 0:7,8, and 0:8) were also re-
covered from both human and nonhuman sources.

Yersinia enterocolitica, a causative agent of
human acute and chronic gastroenteritis, septi-
cemia, wound infections, and other clinical syn-
dromes (7), was first described and named Bac-
terium enterocoliticum in this laboratory in the
1930s (29). Since then, recovery of this organism
has been reported throughout the world, and a
distinct geographical distribution of certain
pathogenic strains has been demonstrated, par-
ticularly in Europe, Canada, Japan, and South
Africa (7, 22).
Because the organisms classified as Y. entero-

colitica show different patterns of biochemical
reactions, three schemes for dividing the species
into biogroups were developed by Nil6hn (24),
Wauters (G. Wauters, Ph.D. thesis, University
of Louvain, Louvain, Belgium, 1970), and Knapp
and Thal (20). Recently Brenner (9), Brenner et
al. (10-12), Bercovier et al. (3, 4), and Ursing et
al. (34) proposed dividing these biogroups into a
total of four named species and two additional
unnamed groups, based on deoxyribonucleic
acid hybridization and biochemical reactions.
The name Y. enterocolitica was retained for
biochemically typical strains. The atypical Y.
enterocolitica-like strains were assigned to three
new species, Y. intermedia (10), Y. frederiksenii
(34), and Y. kristensenii (4), and two unnamed

groups, Xl and X2 (3).
Epidemiological study of human Yersinia in-

fections has implicated water, animals, food, and
other environmental sources as reservoirs of the
organism, but the mode of transmission and the
role of the atypical strains is not yet clear (2, 8,
13, 19).

In the present study, Yersinia strains isolated
in New York State were characterized, and cor-
relations were made between strains isolated
from humans and those isolated from environ-
mental sources on the basis of their similar ser-
ogroups and biogroups.

MATERIALS AND METHODS
Specimens: (i) Yersinia screening requested.

Specimens submitted to be screened for the presence
of Yersinia and received in our laboratory between
October 1976 and December 1980 made up one part of
this study. Included in this group were specimens
collected during an outbreak of foodborne illness in
1976, which had been shown to be caused by Y.
enterocolitica (6, 30). Fecal specimens from humans
or animals were submitted to our laboratory in either
phosphate-buffered saline, pH 7.6, or 30% glycerol
buffer. Milk, water, and other nonfecal specimens were
received on ice. In some cases, bacterial isolates on
agar slants were sent for identification, confirmation,
or both.
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(ii) Other human fecal specimens. New studies
were designed to survey fecal specimens obtained from
certain human populations and received in our labo-
ratory for reasons other than Yersinia screening.

In the first group, three groups of human fecal
specimens received in our laboratory (in 30% glycerol
buffer) for routine Salmonella and Shigella screening
were also screened for the presence of Yersinia. These
groups consisted of 300 specimens received during the
winter and spring of 1977 (30), 1,287 received during
1978, and 188 received during February through De-
cember 1980.

In the second group, fecal specimens from patients
with signs and symptoms of gastroenteritis were col-
lected in phosphate-buffered saline, pH 7.6, during
1978 by six geographically separate clinical laborato-
ries in New York State: Albany Medical Center Hos-
pital (229 specimens), Binghamton General Hospital
(85 specimens), The Children's Hospital of Buffalo (33
specimens), Champlain Valley Physicians Hospital (19
specimens), Rome Hospital (217 specimens), and Au-
tomated Biochemical Laboratories, Inc., in Spring Val-
ley (25 specimens).

In the third group, fecal swabs from 97 normal
children, aged 1 to 5 years, and from seven normal
adult staff members from daycare centers in Rensse-
laer County were placed in Stuart transport medium
and delivered to our laboratory within 1 to 2 h after
collection. These specimens were tested for the pres-
ence of Salmonella, Shigella, and Campylobacter fe-
tus, as well as for Yersinia. This was a joint study with
Richard Rothenberg, Director of the Bureau of Dis-
ease Control of the New York State Department of
Health, and Gerald Eichner, of the Albany Medical
Center Hospital.

(iii) Animal and environmental specimens.
Yersinia strains were also isolated from animal and
environmental specimens collected between October
1976 and December 1980. Most samples from animals
were fecal specimens, but 28 were bovine cervical
specimens, and a small number were of rodent or avian
tissue or intestinal contents. W. E. Mellon, veterinar-
ian of Oneida County, obtained most of the animal
and raw milk samples. Surface water samples were
collected from various locations in the state with the
cooperation of the New York State water laboratories
in Albany and Syracuse and other agents of the De-
partment of Health.

Other human, animal, food, water, and soil samples
were obtained and tested by our laboratory staff when
there was a possible epidemiological link between the
samples and human yersiniosis.

Isolation. On receipt, each fecal specimen or fecal
swab was plated on Endo, salmonella-shigella, and
deoxycholate-citrate agars. After plating, a portion of
each specimen or the entire swab was placed in phos-
phate-buffered saline, refrigerated at 4°C, and 3 weeks
later transferred to the same three types of plates. To
facilitate differentiation of Yersinia colonies, the de-
oxycholate-citrate agar was also prepared with the
addition of 0.5% sucrose. The fornula used is similar
to BBL Microbiology Systems' DCLS agar, which was
also found to be satisfactory. The typical small Yer-
sinia colonies appear dark red on this medium because

of the fermentation of sucrose. This has been used in
addition to the three above-mentioned primary plating
media in this study since November 1979.

Milk and water samples were not plated when ini-
tially received. Milk samples were placed in cooked-
meat medium and refrigerated at 4°C. Water samples
were filtered through a 0.45-pm membrane filter (Mil-
lipore Corp.), which was then placed in cooked-meat
medium and refrigerated. After 3 weeks of cold enrich-
ment, these samples were inoculated on the same
plating media as the fecal specimens.

All plates, whether inoculated directly or after 3
weeks of cold enrichment, were placed in a 25°C
incubator for 48 h.

Identification. Small, round, translucent colonies
were transferred to triple sugar iron (TSI) and urea
agars. Isolates acid in both the butt and the slant of
the TSI and urease positive, and isolates with typical
colonial morphology giving either acid only in the butt
of the TSI or urease-negative reactions, were further
examined by biochemical testing.

Because ofthe number ofbiochemical tests required
by the recently proposed species designation of this
group of organisms and the various biogrouping
schemes, each isolate was tested in 36 different bio-
chemicals.

Five tests were performed at 25°C: lecithinase,
methyl red, oxidation-fermentation lactose, o-nitro-
phenyl-fB-D-galactopyranoside, and Voges-Proskauer.
Twenty-seven tests were performed at 35 to 37°C:
arginine dihydrolase, esculin, gas from glucose, indole
production, lysine decarboxylase, nitrate reduction,
ornithine decarboxylase, phenylalanine deaminase,
Simmons citrate, urease, and 17 carbohydrates (adon-
itol, a-methyl-D-glucoside, L-arabinose, dulcitol, D-glu-
cose, isoinositol, lactose, maltose, D-manmitol, D-meli-
biose, D-raffinose, L-rhamnose, salicin, D-sorbitol, su-
crose, D-trehalose, and D-xylose). Motility tests were
performed both at 25 and 35 to 37°C. The hydrogen
sulfide test was read from the TSI, and Pathotec strips
were used for the oxidase test.
To determine the species of certain atypical strains,

the following seven biochemical tests were incubated
for as long as 2 weeks at both 25 and 35 to 37°C: a-
methyl-D-glucoside, lactose, D-melibiose, D-raffinose,
L-rhamnose, Simmons citrate, and sucrose.
Use of 34 of these tests has been previously de-

scribed (30); however, two of the carbohydrates (a-
methyl-D-glucoside and D-melibiose) and the seven
biochemicals tested at both temperatures have re-
cently been added to the battery of tests. All organisms
isolated before the addition of these tests have been
retested in the two carbohydrates and, if necessary, in
the seven other tests.

Species of the Yersinia isolates were determined
according to the recently proposed taxonomy of Bren-
ner (9), Brenner et al. (10-12), Bercovier et al. (3, 4),
and Ursing et al. (34) on the basis of biochemical
reactions of sucrose, rhamnose, raffinose, melibiose,
and a-methyl-D-glucoside. The characters are as fol-
lows: for Y. enterocolitica, sucrose positive, does not
ferment any of the other four carbohydrates; for Y.
intermedia, ferments all five carbohydrates; for Y.
frederiksenii, ferments sucrose and rhamnose but not

VOL. 14, 1981



306 SHAYEGANI ET AL.

the other three; and for Y. kristensenii, does not
ferment sucrose or any of the other four sugars. The
XI and X2 strains are also sucrose negative. The Xl
strain is negative in all five sugars, as is Y. kristensenii,
and can be differentiated from this species by a nega-

tive ornithine decarboxylase reaction. The X2 strain
can be identified by the above five sugar reactions: it
ferments only rhamnose.

Biogrouping. Biogroups of the isolates were deter-
mined according to the schemes of Nilehn (24), Wau-
ters (Ph.D. thesis, 1970), and Knapp and Thal (20).
Isolates that differed by one or two reactions from the
scheme patterns were assigned to the biogroup they
most closely resembled.

Serogrouping. Isolates were serogrouped in our
laboratory by slide agglutination. In the early part of
the study, antisera 0:1 through 0:21 (prepared by B.
H. Hudson and T. Quan; supplied by P. Carter of the
Trudeau Institute at Saranac Lake, N.Y.) and antisera
0:22 through 0:34 (provided by S. Toma of the Na-
tional Reference Center for Yersinia, Public Health
Laboratory, Ontario Ministry of Health, Toronto,
Canada) were used. Antisera 0:1 through 0:34 (pre-
pared in our laboratory) were used in the latter part
of the study.

Thirty representative strains were serogrouped by
H. H. Mollaret of the Yersinia Center, Institut Pas-
teur, Paris, France. The Oneida County outbreak iso-
lates were serogrouped by James C. Feeley of the
Bureau of Epidemiology, Centers for Disease Control,
Atlanta, Ga.
Phage typing. Thirty representative isolates of Y.

enterocolitica and related species of various sero-
groups and biogroups were phage typed by H. H.
Mollaret at the Institut Pasteur. Ten of the 11 isolates
of serogroup 0:3 were phage typed by S. Toma.

RESULTS

AR specimens. During a period of 4 years,
4,448 human, animal, and environmental sam-
ples were tested for Y. enterocolitica (Table 1).
This organism and the related species were iso-
lated from 3.2% of the human specimens (2.1%
when isolates of Y. enterocolitica serogroup 0:8
from the 1976 foodborne outbreak are excluded),
from 6.6% of the animal specimens, from 2.5% of
the raw milk samples, and from 23.6% of the
surface water samples.
Human specimens. Table 2 shows Yersinia

species isolated from specimens received for
Yersinia screening and survey studies (as de-
scribed in Materials and Methods). Of 22 Y.
enterocolitica isolated from a survey study, one
was serogroup 0:8, four were serogroup 0:6,31,
and seven were other serogroups. Ten were non-

groupable. All fecal swab specimens from chil-
dren in daycare centers were negative for Sal-
monella, Shigella, and C. fetus.
Animal specimens. Yersinia species were

recovered from 37 of 557 (6.6%) animal speci-
mens (Table 1). Nineteen of the 21 isolates from
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TABLE 1. Y. enterocolitica and related species
isolated in New York State during October 1976 to

December 1980

Specimen Positive

Source No. No. %

Humans
Specimens 2,982 96(62)a 3.2(2.1)
Isolates 53 53 100

Animals
Cows 352 21 6.0
Pigs 108 13 12.0
Horses 25 0 0
Dogs 29 1 3.4
Cats 10 0 0
Mice 10 1 10.0
Birds 9 0 0
Rats 6 1 16.7
Bats 5 0 0
Moles, rabbits, 3 0 0
worms

Environment
Raw milk 160 4 2.5
Surface water 622 147 23.6
Food 67 2 3.0
Soil 7 0 0

Total 4,448 339 7.6

a Numbers in parentheses exclude 34 isolates from
fecal specimens of serogroup 0:8 from an Oneida
County outbreak of 1976.

cows, 6 of the 13 isolates from pigs, the 1 isolate
from dogs, and the 1 isolate from mice were all
Y. enterocolitica (75% of the animal isolates).
The other 10 animal isolates were related spe-
cies, five Y. intermedia and five Y. kristensenii.
Surface water samples. A total of 622 water

samples were tested from 43 of the 57 New York
counties, and 147 Y. enterocolitica and related
species were isolated (23.6%). Multiple isolates
were recovered from some samples.
Of the 147 isolates, 23 (15.6%) were Y. entero-

colitica, 113 (76.9%) were Y. intermedia, 9 (6.1%)
were Y. frederiksenii, 1 (0.7%) was Y. kristen-
senii, and 1 (0.7%) was an undescribed Yersinia
species.
Characterization of Y. enterocolitica. (i)

Biogroups. The 174 isolates of Y. enterocoli-
tica, 120 from humans and 54 from animals,
milk, and water, were biogrouped by three
schemes (Table 3). Most were Nilehn biogroups
1 and 2, Wauters biogroup 1, and Knapp and
Thal biogroups 2 and 3. Human isolates could
not be differentiated from animal and environ-
mental isolates by biogrouping alone.

Five human isolates, two from fecal specimens
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TABLE 2. Yersinia screening and surveys of human specimens
No. of isolates of:

Specimen No. of speci-
mens Y. entero- Y. interme- Y. freder- Y. kristen-

colitica dia iksenii senii

Screening requested
Oneida County outbreak, 1976 376 44 6 2
Fecal specimens 119 7 1
Isolates 53 47 4 1 1

Survey
Fecal specimens

1977 300 5 1 1
1978 1,287 13 5 4
1980 188 1 1

Specimens from 6 hospitals 608 2 1
Specimens from daycare centers 104 1 1

TABLE 3. Biogroups of Y. enterocolitica isolated in
New York State during October 1976 to December

1980 (174 isolates)
No. isolated from:

Biogroup scheme Raw
Humans Animals Water malk

Nilehn
1 40 26 17 4
2 63 1 5
3 5 1
4 12

Wauters
1 99 26 19 4
2 5 1 3
3 5 1
4 11

Knapp and Thal
1 14 1
2 66 2 3
3 40 25 19 4

and one from sputum, were raffinose and lactose
positive, traits which are considered to be plas-
mid associated (15).

(ii) Serogroups. Of the 120 human isolates,
59 were serogroup 0:8, biogroups Nil6hn 2, Wau-
ters 1, and Knapp and Thal 2, phage type X,.
All serogroup 0:8 isolates from humans were of
this combination of biogroups and phage type,
and we refer to these isolates as the American
strain. Of these, 37 had been isolated during the
1976 Oneida County outbreak (30). Median age

for patients in this group was 13 years for fecal
specimens. For throat, appendix, and sputum
specimens, the patient ages were 13, 14, and 71,
respectively. Of the others, received from 11
counties, 17 were from fecal specimens (patients
4 weeks to 14 years old); 2 were from blood and
sputum of a single patient (age 43); 1 was from

a foot puncture wound (patient age 52); 1 was
from a liver abscess (patient 2 months old); and
1 was from an appendix (patient age unknown).
Seven Y. enterocolitica serogroup 0:8 isolates

were obtained from animal and environmental
sources: two from cows, two from milk, and three
from water samples. However, these isolates
were salicin and esculin positive and thus in
different biogroups (Nil6hn 1 and Knapp and
Thal 3) from the American strain.
Four isolates of Y. enterocolitica serogroup 0:

7,8 having the same biogroups as the American
strain (salicin and esculin negative) were iso-
lated, three from human sources and one from
a cow cervical specimen. All four isolates were
serogrouped as 0:8 in our laboratory and by the
Centers for Disease Control, but as 0:7,8 by
Institut Pasteur. The bovine isolate had been
previously reported by us as belonging to sero-
group 0:8 (30).
Eleven isolates of Y. enterocolitica Canadian

strain, serogroup 0:3, biogroups Nil6hn 4, Wau-
ters 4, and Knapp and Thal 1, phage type IXb,
were obtained from human sources. Eight of
these isolates were from fecal specimens, two
were from blood specimens, and one was from a
renal abscess. The first Canadian strain was
isolated and identified in our laboratory in May
1977; four were isolated in 1978; two were iso-
lated in 1979; and four were isolated in 1980
(Table 4).
Two other Y. enterocolitica serogroup 0:3

isolates were found, one from a human fecal
specimen and one from water, but both were
biogroups Nilehn 2 (or 3), Wauters 1, and Knapp
and Thal 1 (or 2), phage type X,, different bio-
groups and phage type from the Canadian strain
(Table 5). This combination of biogroup and
phage type has not been implicated in human
disease.
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TABLE 4. Canadian strain Y. enterocolitica,
biogroups Nilehn 4, Wauters 4, Knapp and Thal 1,
serogroup 0:3, andphage type IXb, isolated from

humans in New York

Source Date of isolation Age of sub- County

Feces
May 1977 2 years Monroe
April 1978 14 months Suffolk
July 1978 Unknown Monroe
August 1978 11 months Rockland
August 1980 11 years Monroe
October 1980 4 months Suffolk
October 1980 15 years Sullivan
October 1980 Newborn Erie

Other
Renal abscess December 1978 76 years Nassau
Blood January 1979 83 years Albany
Blood February 1979 79 years Nassau

TABLE 5. Serogroups of Y. enterocolitica isolated
in New York State during October 1976 to December

1980 (174 isolates)
No. isolated from:

Serogroup Raw
Humans Animals Water milk

0:3ma11
0:3b 1 1
0:4,33 3 13 1
0:5 8 1 2
0:6,31 9 3 2 2
0:7,8 4 1
0:8 59 2 3 2
0:10K, 2
0:12 1
0:12,25 2
0:14 1 1
0:16 1
0:18 1
0:22 1
0:25 3
0:30 1
0:31 1 1
0:34 1
Nongroupable 16 5 8

a Serogroup 0:3, biogroups Nil6hn 4, Wauters 4, and
Knapp and Thal 1, phage type IXb.

b Serogroup 0:3, biogroups Nilehn 2 (or 3), Wauters
1, and Knapp and Thal 1 (or 2), phage type X2.

Of 11 Y. enterocolitica serogroup 0:5 isolates,
7 were 0:5a (Wauters biogroup 1): three from
human feces, two from water, and one each from
sputum and mouse tissue. The other four were
serogroup 0:5b (Wauters biogroup 3), isolated
from human fecal specimens. Of 16 serogroup 0:
6,31 isolates, 9 were from humans, 3 were from
animals, and 2 each were from milk and water.

Thirteen percent of the human isolates of Y.
enterocolitica and 26% of the animal and water

isolates were nonserogroupable with the 34
available antisera.

(iii) Phage types. Except to confirm the
identification of Canadian strain isolates, phage
typing was not useful for our isolates. Repre-
sentative strains of human, cow, milk, and water
isolates, serogroupable or nongroupable, were
either phage type X, (as is the American strain)
or XO.
Characterization of Yersinia-related spe-

cies. (i) Biogroups. Biogrouping of Yersinia
species other than Y. enterocolitica by the three
schemes did not produce any useful pattern for
differentiation. An interesting finding was four
biogroups of Y. intermedia which did not exactly
correspond biochemically to the given reactions
for this species, although the biochemical reac-
tions were tested at both 25 and 35 to 37°C for
as long as 2 weeks. These reactions, plus those
of a typical Y. intermedia and of one unde-
scribed Yersinia species which we encountered,
are shown in Table 6. Twelve representatives of
groups 2, 3, and 4 were tested by Don J. Brenner
at the Centers for Disease Control for deoxyri-
bonucleic acid relatedness and were found to be
Y. intermedia.
Four of the biogroups isolated in our study are

among the eight biogroups of Y. intermedia
recently reported by Brenner et al. (10). In ad-
dition, we have found another biogroup, rham-
nose and raffinose positive, melibiose and a-
methyl-D-glucoside negative (biogroup 4, Table
6). Our strains were negative for citrate utiliza-
tion at 37°C, but those tested at 25°C were
positive for this test. This criterion is useful for
identifying rhamnose-negative strains of Y. in-
termedia (10).

(ii) Serogroups. The serogroups of the Yer-
sinia group of organisms had been established
before determination of species was attempted.
Therefore, the related Yersinia species were
serogroupable with the same antisera as are used

TABLE 6. Biochemical patterns of five Y.
intermedia types and one undescribed Yersinia

species
Y. intermedia type Unde-

Carbohydrate 2 scribe
1 (typi- 2 3 4 5 Yersinia
cal) species

Rhamnose + - - + + +
Raffinose + + + + +
Melibiose + + + - +
a-Methylgluco- + + - - - +

side
Sucrose + + + + + +

No. of isolates 99 18 8 8 4 1

J. CLIN. MICROBIOL.
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for Y. enterocolitica (Table 7). Of the 165 iso-
lates, 101 (61%) were not groupable with the 34
antisera.
Because serogrouping of Yersinia is not spe-

cies specific, some isolates of Y. enterocolitica,
Y. intermedia, Y. frederiksenii, and Y. kristen-
senii were serogroup 0:16. Also, serogroups 0:3,
0:4,33, 0:5, 0:6,31, 0:14, 0:18, and 0:30 were
found in both Y. enterocolitica and Y. interme-
dia.

(iii) Phage types. A few representative
strains of related Yersinia species were phage
typed. Y. intermedia serogroup 0:10 (from hu-
man feces) and serogroup 0:7 and nongroupable
(both from water) were phage type X,. An isolate
of Y. kristensenii serogroup 0:16,29 (isolated
from a pig) was phage type XO.

Y. enterocolitica of the same biogroups
and serogroups from various sources. A

TABLE 7. Serogroups of related Yersinia species
(165 isolates)

No. of
Organism Source iso- 0 serogroupsa

lates

Y. intermedia
Type 1b Human, feces 3 4,32; 16,29; NG

Human, vomit 1 NG
Cow, feces 1 NG
Rat, tissue 1 NG
Food 1 NG
Water 91 4,33 (4); 17 (17);

others (15)c;
NG (55)

Type 2 Human, sputum 1 NG
Cow, feces 1 13
Water 17 4,33 (2); 5; 22;

33; NG (12)
Type 3 Human, feces 6 6,31; 10; 30; NG

(3)
Pig, feces 2 NG (2)

Type 4 Human, feces 7 13,16; 16; NG
(5)

Water 1 NG
Type 5 Water 4 NG (4)

Y. frederiksenii Human, feces 7 2,3; 4,16; 16 (2);
NG (3)

Human, throat 1 16,34
Water 9 16; NG (8)

Y. kristensenii Human, feces 2 16; 34
Human, foot 1 28
Pig, feces 5 11 (2); 16; 16,29

(2)
Food 1 NG
Water 1 12,25

Yersinia sp. Water 1 NG

aNumbers in parentheses indicate number of isolates; NG,
nongroupable.
bFor types 1 through 5, see Table 6.
' Serogroups 2; 3 (biogroups Nilehn 2, Wauters 1, and Knapp

and Thal 2); 4; 7; 11,24; 14; 16,29 (2); 18; 20; 22; 22,31; 29; and
33 (2).

number of Y. enterocolitica strains isolated from
humans had the identical biogroups (with all
three schemes) and serogroups as strains iso-
lated from animal and environmental sources
(Table 8). The American and Canadian strains
were found only in human specimens. The iso-
lates listed in Table 8 with the same biogroups
as the American strain (Nilehn 2, Wauters 1,
Knapp and Thal 2) were serogroup 0:7,8. The
serogroup 0:8 isolates listed were of different
biogroups than the American strain.
Geographic distribution. Figure 1 shows

the statewide distribution of different species of
Yersinia according to county and source of iso-
lation. Selected serogroups implicated in human
infections are also indicated. The Yersinia iso-
lates did not show any particular distribution
pattern within New York State.

DISCUSSION
Y. enterocolitica and related species are found

in the gastrointestinal tracts of humans and
animals and in the environment. In our study,
2.1% of the human fecal specimens (excluding
positive human fecal specimens from the Oneida
County outbreak), 2.5% of the raw milk samples,
6.6% of the animal fecal specimens, and 23% of
the water samples contained Y. enterocolitica
and related species. Of the Y. enterocolitica
isolates from human specimens (excluding those
from the Oneida County outbreak), 18% were
American strain and 9% were Canadian strain.
This, as far as we know, is the first documented
isolation of the Canadian strain in the United
States, although isolation of Y. enterocolitica
serogroup 0:3 was reported on three previous
occasions (5, 31, 35). Two of these reports (5, 31)

TABLE 8. Y. enterocolitica isolates of the same
biogroup and serogroup recovered from humans or

animals and the environment
Biogroup scheme

Sero- Knapp Source'
group Nil6hn Wauters and

Thal

0:4,33 1 1 3 Human (3), cow
(13), water (1)

0:5 1 1 3 Human (4), mouse
(1), water (2)

0:6,31 1 1 3 Human (9), cow (2),
pig (1), milk (2),
water (2)

0:7,8 2 1 2 Human (3), cow
cervix (1)

0:8 1 1 3 Cow (2),mik (2),
water (3)

a Numbers in parentheses indicate number of iso-
lates.
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HUMAN WATER

* 0 Yers&,wa enferoco/,'bca
O 0 Yers,rua I/ermred,a
A A Yers,rycy freder,ksen/i
A At Yersinla krnsfensen,i

0 Yersinia species
C1=Yersinia serogroup

FIG. 1. Representative Y. enterocolitica and related species isolated from humans and water in New York
State.

did not give information on phage type, and the
third (35) described the isolate as phage type IX
without specifying subtype a or b. Also, the
isolate in this report was described as belonging
to serogroup 1 or 2 and was later reassigned to
serogroup 0:3 (5, 7). In our study, most sero-
group 0:8 and 0:3 strains were isolated either
from fecal specimens from children or from older
persons with systemic infections. No American
or Canadian strains were isolated from animals
or the environment in our study. Also, no sero-
group 0:3, phage type VIII, the most common
human isolate outside of North America, or ser-
ogroup 0:9, the second most common human
isolate in Europe, was recovered in our study.
The prevalence of Y. enterocolitica in speci-

mens received in our laboratory was compared
with that of other pathogenic enteric bacteria
known to cause gastroenteritis. Of the human

fecal specimens received by our laboratory in
recent years, 1.9% have contained Shigella and
9% have contained Salmonella. In the human
fecal specimens submitted from individuals with
symptoms of gastroenteritis, the isolation rate
for Yersinia was 1.6% (36 of 2,299 specimens).

In a comparable study in Montreal, Canada
(21), specimens from children with gastroenter-
itis were tested during a 15-month period for
pathogenic enteric bacteria. Salmonella was iso-
lated from 4.4% of the specimens, Y. enteroco-
litica from 2.8%, and Shigella from 1.1%. Of the
total specimens, 2.6% contained the known path-
ogenic Y. enterocolitica serogroup 0:3-a very
high rate of isolation, since no outbreak is men-
tioned. By comparison, the recovery rate in our
study for the pathogenic serogroup 0:8 was 0.6%
if serogroup 0:8 isolates from the Oneida County
outbreak were excluded and 1.3% if they were



CHARACTERISTICS OF YERSINIA SPECIES 311

included. Our recovery rate for the 11 serogroup
0:3 isolates was extremely low (0.2%).

Y. enterocolitica and particularly the related
species are found world-wide in animals (25, 33),
dairy products (19, 27), food (18), water (26, 28),
and other natural sites (2). The related species
most frequently found in the environment are
not considered pathogenic, although they have
on rare occasions been isolated from nonintes-
tinal specimens (8) and from infants' blood cul-
tures (16). In our study, human isolates repre-
sented 13% of a total of 137 isolates of Y. inter-
media, which is the same percentage recovery
reported by others (10). Although the number
of isolates was few, 8 of 17 Y. frederiksenii and
3 of 10 Y. kristensenii isolates were from human
sources, which is higher in percentage in total
recovery than reported (4, 34) in other parts of
the world (23 and 18%, respectively). We did not
isolate the Xl and X2 strains, which have been
isolated from nonhuman sources (12), or the
modified Wauters biogroup 5 of Y. enterocoli-
tica, which has been isolated from hares in Eu-
rope (3).
Even for the well-known human pathogenic

strains of Y. enterocolitica, a good understand-
ing of both the natural reservoir(s) and the
mode(s) of transmission to humans has been
elusive. In most instances of human disease, the
causative organisms have not been found in an-
imals or the surrounding environment; and even
when such organisms have been found in ani-
mals, milk, or water, the reservoir and the mode
of transmission to humans have not been deter-
mined (1, 2, 13, 17, 30).

In our study, isolates of Y. enterocolitica ser-
ogroups 0:4,33, 0:5, 0:6,31, 0:7,8, and 0:8 with
the same characteristics (biogroup, serogroup,
and phage type) were found in both human or
animal and environmental sources. This sug-
gests the possibility of transmission from envi-
ronment or animals to humans. Yersinia isolates
with these serogroups have been implicated in
human infections. In a study in Ontario, Canada
(32), serogroups 0:5,27 and 0:6,30 were the sec-
ond and third most frequent strains of Yersinia
isolated from humans. In another report (T. F.
Wetzler and D. McClellan, Abstr. Annu. Meet.
Am. Soc. Microbiol. 1979, c(H)69, p. 357), strains
of serogroup 0:4,32 were isolated from 14 of 21
patients with abdominal pain and diarrhea.
The pathogenic properties of Y. enterocolitica

have been demonstrated in vitro by their ability
to produce heat-stable enterotoxin, to invade
HeLa cells, and to cause keratoconjunctivitis in
guinea pig eyes (23). More recently, the ability
of the WA strain of Y. enterocolitica 0:8 to
produce plague V and W antigens has been

demonstrated (14). The relationship of these
pathogenic properties to serogroups, biogroups,
and phage types is unclear.
More in-depth study is needed to understand

the pathogenicity of Yersinia. These studies
should include a search for a suitable laboratory
animal model, preparation of phages to distin-
guish strains that the phages now available can-
not differentiate, and particularly investigation
of possible adaptation of Yersinia from the en-
vironment to humans.
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