
New Potential Pathogens in Fresh Meat 

Introduction 

New potential pathogens of fresh meat that have attracted 
much attention in recent years include Yersinia and Cam- 
pylobacter species. Although their significance in foods has 
been recognized only recently, Y .  enterocolitica was first de- 
scribed in the United States in 1939 and Campylobacter fetus 
in 1918. Because of  time limitation, our discussion wil l  be 
focused on the significance of Y .  enterocolitica in foods with 
emphasis on meats. Detailed information on the characteris- 
tics of this organism, its distribution in man, animals and in 
the environment, its clinical significance and methods for iso- 
lation and identification are presented in recent reviews 
(2,6,8,10,14,18,26). 

In recent years, Y. enterocolitica and closely related bac- 
teria have been isolated with increasing frequency from vari- 
ous foods including raw milk, beef, pork, lamb, chicken, 
turkey, fish, mussels, oysters and vegetables (6,10,14,18). Yer- 
sinia enterocolitica was first described in 1939 by Schleifstein 
and Coleman (24). Between 1933 and 1947 only 11 cases of 
Y. enterocolitica infection were reported in the United States 
(23). By 1966, only 23 cases had been reported throughout 
the world but more than 5000 cases had been reported by 
1975 (28). This rapid increase in reports of Y .  enterocolitica 
infections probably resulted from an increased awareness and 
improved laboratory techniques for its isolation and identifi- 
cation. Yersinia enterocolitica is a gram-negative, facultative 
anaerobic rod-shaped bacterium. It i s  ubiquitous in the ani- 
mal environment and in waters of streams and lakes. From the 
public health viewpoint, one of its most significant charac- 
teristics i s  its ability to grow at refrigeration temperatures. Yer- 
sinia enterocolitica is comprised of a varied group of or- 
ganisms representing multiple serotypes, biotypes and phage 
types. In humans, the most common syndromes of Y. en- 
terocolitica infection are gastroenteritis, mesenteric lym- 
phadenitis and terminal ileitis; other symptoms may include 
polyarthritis, erythema nodosum, septicemia and meningitis. 
Many of the food and environmental isolates differ in some 
biochemical characteristics from typical clinical strains re- 
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sponsible for human yersiniosis. In spite of the apparently fre- 
quent presence of Y .  enterocolitica or related bacteria in 
foods, few documented outbreaks o f  foodborne infection 
have occurred i n  the United States. One  thoroughly 
documented outbreak which occurred in New York was 
caused by consumption of contaminated chocolate milk (29). 
Among meat animals, swine are considered a potential source 
of clinically significant types of Y .  enterocolitica (28). The 
epidemiology of Y .  enterocolitica infection in humans is still 
not clear. Contaminated foods, contact with infected animals 
and contacts among people i n  an infected fami ly are 
suggested as possible modes of transmission. 

Recovery of Y. enterocolitica from Foods 
Media and procedures used for the isolation of Y .  en- 

terocolitica from foods frequently are similar to or modifica- 
tions of those used for the isolation of enteric bacteria from 
clinical specimens. Plating media include MacConkey agar, 
Salmonella-Shigella ( S S )  agar, lactose sucrose urea agar and 
desoxycholate citrate agar. Modifications of media for im- 
proved isolation of Y .  enterocolitica include (1 1 )  MacConkey 
agar with Tween 80 (MT) and desoxyribonuclease agar with 
Tween 80 and sorbitol (DST). Isolation procedures frequently 
include an enrichment step generally in either (a) phosphate- 
buffered saline (PBS), phosphate buffer (PB), mannitol broth 
(MB) or bile enrichment medium (BEM) for various periods 
(sometimes several weeks) at refrigeration temperature or (b) 
magnesium chloride-malachite green-carbenicillin medium 
(MRB), selenite F broth or tetrathionate broth for 2-5 days at 
22-25°C. Following enrichment, a loopful of the enrichment 
medium is then streaked onto two or more of the selective 
media. Lactose-negative isolates are then submitted to a bat- 
tery of biochemical tests which includes test for: arginine di- 
h yd ro I ase, I y s i ne d ecar box y I ase, orn it h i ne decar boxy I ase, 
phenylalanine deaminase, motility (at 25 and 35"C), citrate, 
sucrose, maltose, urease, oxidase, and TSI. 

Recent developments in the recovery of Y .  enterocolitica 
from foods include (a) improved recovery of Y .  enterocolitica 
from foods by application of a KOH treatment to an aliquot of 
the enrichment medium just before streaking on the selective 
agar (MacConkey) medium ( l ) ,  (b) recovery o f  Y .  en- 
terocolitica from milk by enrichment in Butterfield's phos- 
phate buffer for 14 days at 4"C, followed by further enrich- 
ment in modified Rappaport broth at 23°C for 5 days (22); 
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plating was done on M T  and DST agar, (c) rapid recovery of 
clinical strains from meats by enrichment in phosphate buffer 
with added malachite green, carbenicillin and selenite at 
22°C for 2-3 days (12), wi th  plating of the enrichment 
medium on MT, DST and BS agars, (d) development of a new 
plating medium (CIN agar) formulated on the basis of exten- 
sive growth and selective agent studies (21). Cefsulodin- 
Irgasan-Novobiocin agar contains peptone, yeast extract, 
mannitol, Na-pyruvate, NaCI, MgS04 7H20, agar, Irgasan, 
b i le  salts, neutral red, crystal violet, cefsulodin, and 
novobiocin. Yersinia enterocolitica colonies on this medium 
have a deep red center with an outer translucent zone. Plate 
incubation i s  for 24 hr at 32°C or 48 hr at 22°C. Dudley and 
Shotts (4) reported on a Cellobiose-Arginine-Lysine (CAL) agar 
for the isolation of Yersinia enterocolitica. This medium con- 
tains cellobiose, L-arginine, L-lysine, yeast extract, NaCI, 
Na-desoxycholate, agar and neutral red. Y. enterocolitica col- 
onies on this medium have a bright burgundy color or have a 
pin-point red center. In the CAL agar procedure, plates are 
incubated for 40 hr at 25°C. 

Effect of Extrinsic Factors 

In 1976, Hanna et al. (20) isolated Y. enterocolitica from 10 
of 89 cuts of vacuum packaged beef and from 2 of 30 lamb 
cuts. The isolates were obtained only from samples stored for 
21 to 35 days at 1-3°C and not from samples stored for 0, 7 or 
14 days. Growth studies on raw and cooked beef and pork 
(1 9) showed that substantial increases in Y .  enterocolitica 
counts occurred when inoculated samples were stored at 
0-7°C (3-10 days) or at 25°C (within 24 hr). Increases in Y.  
enterocolitica counts on cooked samples stored at 25OC were 
somewhat greater than those of comparable raw products. 
Freezing caused large reductions in Y. enterocolitica counts 
when beef cuts inoculated at the surface were stored at 
-23°C (1 5). Reductions were greater when the samples were 
plated on a selective plating medium (bismuth sulfite agar) 
than on the non-selective tryptic soy agar. Considerable varia- 
tion was observed in the heat resistance of  several strains of Y .  
enterocolitica in skim milk; heating for 3-10 min at 55°C 
caused large reductions in count. With heating at 60°C, no 
survivors were detected after 1-3 min (1 7). Hanna et al. (1 5) 
reported that no survivors of Y. enterocolitica were detected 
in beef roasts inoculated with 3.1-3.8 x l o 6  cells per g when 
the final internal temperature in the center of the roast was 60 
to 62°C; at 51°C some Y. enterocolitica survived. Growth of 
Y. enterocolitica at different p H  values was determined at 
25°C in brain heart infusion (BHI) broth (1  5). Growth was bet- 
ter at pH  7 and 8 than at 6 or 9 and little or no growth oc- 
curred at pH  5 .  Stern et al. (27) determined the effect of pH  
on growth of Y. enterocolitica in BHI broth. At 3"C, substan- 
tial increases in Y. enterocolitica count occurred in 10 days at 
pH 7.2, only a small increase in count occurred at p H  9. At 
pH 4.6 and at 9.6 the counts remained the same or decreased 
slightly. Seelye and Yearbury (25) reported higher levels of Y .  
enterocolitica on vacuum packaged beef of high p H  (>6) 
than on samples of normal pH  value. Incorporation of 7% 
NaCl in BHI broth caused a slight decrease in count over a 
10-day period (27). Minor increases in count occurred with 

5 4  NaCI; substantial increases in Y. enterocolitica count oc- 
curred with 0.5% NaCl in the broth medium. 

To compare the growth of Y. enterocolitica on beef steaks 
stored in packages of different oxygen permeability, Hanna et 
al. (16) inoculated top and bottom round steaks with Y. en- 
terocolitica and stored samples at 1-5"C for 21-35 days in 
vacuum packages and in polyvinyl chloride (PVC) film. Yer- 
sinia enterocolitica and total aerobic plate counts of steaks 
were consistently higher in the more oxygen-permeable fi lm 
(PVC) than on those stored in the vacuum packages. These 
results indicate that vacuum packaging per se did not favor 
the development of Y. enterocolitica. 

El-Zawahry and Rowley (5) reported on the radiation resist- 
ance of Y. enterocolitica. Their data indicate that Y. en- 
terocolitica cells are among the most radiation sensitive of the 
foodborne bacteria. D values for 3 strains of Y. enterocolitica 
irradiated at 25°C in trypticase soy broth ranged from 9.7 to 
11.8 krad. A dose of 200 krad at 5-25°C would have reduced 
Y. enterocolitica in meat by 10 log cycles. 

Pathogenicity 

Perhaps the most exciting aspect of research on this or- 
ganism has been in the area of pathogenicity of various strains 
of Y. enterocolitica (3,7,13,30). Zink et al. (30) examined a 
group of strains associated with an outbreak of enteric disease 
in New York for heat-labile toxin (LT), heat-stable toxin (ST) 
production, tissue invasiveness (Sereny test) and plasmid 
D N A  content. The group of  strains included those of 
symptomatic and asymptomatic persons, from the incrimi- 
nated chocolate milk, from dairy cattle and from water COIL 
lected from a dairy farm. No strains produced LT whereas ST 
production was common. Only strains of serotype 0:8 were 
Sereny-test positive. All invasive strains contained a 41 X lo5 
- MW plasmid, but this plasmid was not found in non- 
invasive strains. Isolates derived from strain 54 after curing 
with ethidium bromide no longer contained plasmid DNA 
and were no longer tissue-invasive, More recent information 
(D. L. Zink, personal communication) indicates that this 
plasmid is associated with the VW antigen complex. Strains 
which produce the VW complex can be detected by placing 
them on magnesium oxalate agar. This medium inhibits 
growth at 37°C but not at 25°C. Strains without the 41 x l o5  
M W  plasmid did not show this inhibition at 37°C. A recent 
report by Laird and Cavanaugh (9) indicates that virulent 
strains of Y .  pestis, Y. pseudotuberculosis and Y .  enterocolitrca 
autoagglutinate in tissue culture media when grown at 36°C. 
Avirulent strains did not have this property. Virulence was 
tested by oral feeding of adult mice and was defined as the 
ability of a strain to induce diarrhea or to produce a fatal 
systemic infection or both. 

In summary, rapid progress i s  being made in two important 
areas, which are: (a) isolation and identification of Y. en- 
terocolitica from various foods and (b) development of model 
systems and tests to determine pathogenicity. New informa- 
tion undoubtedly wil l  contribute to a better understanding of 
the role of Y. enterocolitica in foodborne illness and hopefully 
wi l l  reduce the number of disease outbreaks caused by this 
organism. 
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Discussion 

D. Bartholomew, Land O’lakes: O n  the toxin it (yersinia) 
produced, is this what caused the food illness? 

C. Vanderzant: No, it is a highly invasive organism, it is 
invasive to the gastrointestinal tract. If you have a typical yer- 
siniosis, it wi l l  start off through the lymphoid tissues surround- 
ing the mesenteric lymph nodes and then in the terminal 
ileum it wi l l  have a rather severe infection so it invades the 
gastrointestinal tract i f  you have a typical human yersiniosis. 
Now on the other hand, I want to make it clear, that in addi- 
tion to the typical human yersiniosis that, for example, Dr. 
Bottone at the Mt.  Sinai Hospital in New York has found par- 
ticularly in compromised patients many other symptoms, as 
you may call it, of yersinia infections: septicemia, liver infec- 
tions, urinary infections, and so on. So yersinia can manifest 
themselves in many different ways. 

D. Bartholomew: I t  must be a viable organism? 
C. Vanderzant: Oh yes. At the present time, we know very 

little, i f  any, about toxins. If they exist. 
D. Bartholomew: I also had a question about Streptococ- 

cus bacillus. I know in times past it had been implicated in 
some food illnesses. Has anything been done on this? I have- 
n’t read anything about as to why they had implicated it. 

C. Vanderzant: Streptococcus bacillus, of course, is a very 
controversial organism. It has ranged all the way from use as 
a starter culture in cheese manufacture to human illnesses. In 
past AMSA meetings, I think the hottest debate usually oc- 
curred when we touched on Streptococcus bacillus and then 
we immediately got to enormous disagreements as to what 
constituted the pathogenicity and then to humans. But that is 
an extremely controversial area. It still has a tremendous 
cloud over it, or blanket of confusion. Your question, of 
course, raises all kinds of interesting things about why do we 
have all these reports on polyarthritis in Europe for example, 
and we have no reports, or very few reports of that, in the 
United States and Canada. Why do we have the differences in 
strains and in Europe primarily three and nine and in Canada 
three and in the United States 0:8.  I think we should do a 
better job of looking for them. I think we wil l  find three and 
nine in the United States also. 

A. Nour, Cornell University: I realized in one of the slides, 
when you compare vacuum package against PVC, there is a 
slight drop in the vacuum packaged product. Would you just 
elaborate? 

C. Vanderzant: Well, one of the slides shows a little bit 
more of valleys and mountains than some of the others and 
the reason for that, I think, was in part of the configuration or 
photography of the steaks themselves. In one instance we had 
a very difficult time sampling the surfaces and the other set of 
steaks we had a very smooth surface. I mention that in a 
paper that I published, I wasn’t too happy. I would have liked 
to see a smoother curve there. But I attribute this primarily to 
experimental procedure, rather than speculate on something 
else. Yes, I am aware of that. 

D. Fung, Kansas State University: How do you prevent 
contamination of the laboratory when you prepared the meat 
for vacuum packaging of yersinia enterocolitica? I was wor- 
ried about that when I was trying to do experiments like that. 

C. Vanderzant: Well, there are two things you have to do. 

In the first place, you have to serotype and biotype even the 
control samples because you are never sure when you start 
off an experiment that you may not have natural yersinia 
there. So, what you have to do in the laboratory is to select 
strains that you can identify, very easily, from the rest and that 
can be done and done very easily. There is enough difference 
in biochemical types and serotypes and phage types that you 
can do that. Secondly, we use laminar flow cabinets, we do 
a l l  the packaging under, you might say, rather primitive con- 
ditions, we use Millipore filters and everything else. We pull 
a l l  the air through a disinfecting bath and so on. So, I agree 
with you. You don’t go downstairs and run an experiment like 
that with a commercial vacuum packaging machine. This 
would give you nightmares, from the standpoint of trying to 
disinfect the equipment. Yes, I agree with you. We have 
thought about that for days. Even when we do the experi- 
ments in ovens with thermocouples, these thermocouples are 
not going to be used for anything anymore after they have 
been in the meat with yersinia-because I love my name on 
papers, but not in morbidity and mortality reports. 
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