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W HEREAS enteric infections form
the principal type 1 of food-

borne disease prevalent in Continental
Europe, in the United States staphy-
lococcal food poisoning 2 is probably
the most common of all food-borne
diseases. Since this disease is not re-

portable, we have no accurate knowl-
edge as to the actual number of cases

occurring annually. The control of
food-borne disease is not only the con-

cern of the -epidemiologist 3 and of the
public health officials, but also of every
physician, food handler, and citizen,
especially now that we are engaged in
total war.

Gastrointestinal diseases are a major
cause of absenteeism in industry.
McGee and Creger 4 determined that
18.6 per cent of 40,942 days lost by
employees of a Hercules Powder Com-
pany plant in New Jersey in 1941 were
due to gastrointestinal disturbances. Of
5,402 absences from work, 24 per cent
were due to this group of diseases. Of
the 7,605 days lost from diseases of the
digestive tract, 30.6 per cent were from

* Presented at a Joint Session of the Epidemiology,
Health Officers, Maternal and Child Health, and
Laboratory Sections of the American Public Health
Association at the Seventy-second Annual Meeting in
New York, N. Y., October 14, 1943.

gastrointestinal upsets and colon dys-
function, and 4.1 per cent from enteritis
and dysentery. Most of the absentee-
ism from these causes occurred after
week-ends and after holidays. We,
ourselves, have repeatedly observed food
poisoning disrupt a large war plant.
The health officer, the industrial

physician, the industrial manager, the
food handler, and the consumer himself
play important roles in controlling
food-borne disease. Health officers are
anticipating an increase in food-borne
disease from public eating places and
industrial cafeterias as a direct result
of the war. More people are eating
in restaurants because of the rationing
of food and because of the placing of
women in industry. There are increas-
ing difficulties encountered in these
restaurants. The lack of responsible
personnel, trained in the sanitary and
proper handling of food, the over-
burdening of the kitchen facilities, the
unavailability of proper equipment,
and, in some instances, the short cuts
and improper processing of foods are
the principal causes for the increase in
food-borne disease. Horwood and
Pesare 5 made sanitary surveys of pub-
lic eating places in Rhode Island and
concluded: "Ignorance of accepted
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sanitary requirements and procedures
as manifested by the managers and em-
ployees of public eating and drinking
establishments appeared to be the most
important single cause of insanitary
practices in such places."

In the investigation of any suspected
food-borne outbreak, an analysis of the
symptoms will often give the epidemi-
ologist a clue as to the etiological agent.
The enterotoxin of Staphylococcus
aureus produces symptoms in 2 to 6
hours. Whereas fever is a common
symptom of food-borne infections it is
not a frequent finding in staphylococcus
enterotoxin poison. Nausea, vomiting,
abdominal cramps or pain and diarrhea
leading to prostration are the usual
rapid sequence in severe staphylococcal
poisoning; chills, sweats, and toxemia
are other frequent findings. The onset
is more acute than in Salmonella infec-
tions, the duration is usually a matter
of hours and recovery is rapid. In
Salmonella infections, on the other
hand, recovery is a matter of days.

In several instances, green-producing
streptococci have been incriminated as
the source of food-borne outbreaks.
Linden, Turner, and Thom 6 reported
two such outbreaks in both of which
cheese was found to be the vehicle.
Streptococcus lactis 7 when isolated
from this food and fed to kittens pro-
duced symptoms similar to those
caused by staphylococcus enterotoxin.
Carey, Dack, and Meyers 8 isolated
alpha-streptococci from canned sausages
in an outbreak involving 75 persons.
Living cultures of this organism fed to
volunteers produced a syndrome clin-
ically indistinguishable from staphy-
lococcal food poisoning. Bacteria-free
filtrates were non-toxic. Similar re-
sults were obtained by Carey, Dack,
and Davison9 in another outbreak
caused by this organism. There is,
therefore, some evidence that green-
producing streptococci may cause
gastroenteritis in man. However, un-

like staphylococcal food poisoning, the
toxic material is not contained in bac-
teria-free filtrates of this organism.
The clinical picture presented by this

type of food infection resembles that of
staphylococcal poisoning very closely.
A differentiating feature is the longer
incubation period found in outbreaks
caused by green-producing streptococci.
This usually varies from 5 to 18 hours,
with an average of about 12 hours.

DEMONSTRATION OF THE ETIOLOGICAL

AGENTS
The application of bacteriological

procedures to the study of food poison-
ing must take account of the diverse
etiological agents encountered in these
outbreaks. Epidemiological and clin-
ical data may suggest the identity of
the causative agent as in botulism but
are of less value in differentiating be-
tween the more common agents of
food poisoning. Assuming the special
technics necessary for the isolation and
identification of the Clostridiae to be in-
dicated or excluded clinically, the bac-
teriologist must provide technics ade-
quate for the isolation and identification
of: (1) staphylococci, (2) streptococci,
(3) the enteric group. Staphylococci
and streptococci were encountered in
the outbreaks reported here. Mem-
bers of the enteric disease group were
excluded as possible causes by appro-
priate clinical and bacteriological
examinations.

Nose, throat, and stool cultures were
taken on all suspected food handlers.
Swabs were cultured on 5 per cent
horse blood agar and in beef infusion
broth for 24 and 48 hours. Stool
specimens were cultured on differential
media for members of the enteric
disease group.
Adequate epidemiological investiga-

tion usually reduces the number of
foods suspected in a given outbreak.
The foods thought to be responsible
were brought to the laboratory im-
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mediately or packed in dry ice for
shipment.* Representative samples of
each food were cultured in beef in-
fusion broth on 5 per cent horse blood
agar and differential media for the
enteric disease group. Since chromo-
genesis varies with different media and
cultural conditions, the differentiation
of all staphylococci was made on the
basis of pigment production on beef
infusion agar incubated 24 hours at
37.5° C. No detailed study of colony
variants was attempted.
The streptococci were classified ac-

cording to the group-precipitation test
described by Lancefield.10 The sero-
logical type of Group A strains was
determined by the slide-agglutination
technic reported by Griffith."'

Casein hydrolysate filtrates were
prepared according to the method of
Favorite and Hammon.t 12 Filtrates
were tested for enterotoxin by feeding
to kittens and by the intravenous kitten
test described by Hammon.i Is Diar-
rhea and vomiting in 1 to 3 hours
following administration of the filtrate
was interpreted as a positive reaction.
The results of these toxigenic studies

are summarized in Table 1. Unlike
Staphylococcus aureus, the streptococci
studied failed to produce an enterotoxic
substance in casein hydrolysate but did
produce a toxic substance in sterile
tissue media which when administered
intravenously to kittens induced an
enterotoxic reaction. These substances
could be readily distinguished from
staphylococcus enterotoxin in that they
were non-toxic by mouth. A detailed

* After bacteriological examination, samples were
homogenized in a Waring Blender, mixed with milk
or fish, and fed to kittens (4-6 months old) which
had been starved the previous 24 hours. Typical
" enterotoxic " reactions could be produced with con-
taminated foods by this method.

t In our experience, rotation was not essential to
the production of an enterotoxin satisfactory for
routine tests.

* Results of feeding experiments with original foods
and casein hydrolysate filtrates agreed with those
of the intravenous test with filtrates of the same
strain.

study of these tissue media filtrates
has been reported by Foley, et al.'4 As
has been the experience of others,8, 15
whole cultures of streptococci produced
enterotoxic reactions when fed to
kittens.

There are conflicting reports as to the
value of the various biochemical tech-
nics devised to distinguish enterotoxic
strains."', 17 The " potential " entero-
toxicity as judged by procedures other
than the kitten test does not appear to
be sufficient evidence to incriminate
either a food or food handler as the
source of illness.

Certain biochemical characteristics of
the enterotoxic staphylococci isolated
from foods and food handlers involved
in these outbreaks are summarized in
Table 1. Such tests are of some value
in establishing the probable identity of
strains but do not indicate enterotox-
icity. There appears to be a rough
correlation between alpha-hemotoxin
titer and enterotoxicity as observed by
Woolpert and Dack 18 but exceptions
were noted.

ANALYSIS OF OUTBREAKS
It is well known that the- staphy-

lococcus and the streptococcus are
ubiquitous in their distribution. They
are found in the nose and throat of
healthy persons where they become
quite abundant during upper respiratory
infections. They are readily isolated
from superficial skin lesions and from
routine air samples. In spite of modern
aseptic surgical technics, they are often
incriminated as the cause of post-
operative stitch abscesses. It is, there-
fore not surprising that foods are often
contaminated by them.
Our experience with staphylococcal

food poisoning has demonstrated that
it is by no means infrequent. The few
outbreaks coming to the attention of
public health authorities represent but
a fraction of the actual number. Very
often only the most dramatic incidents
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are reported. Sometimes newspaper
accounts of such epidemics serve as the
first notice* to the health officer that
something has happened. About half
of the outbreaks listed in this paper
took place in a single community. The
interest of the health officer in this
problem was a major factor in bringing
most of these to light. We must as-
sume that although rarely reported,
similar episodes are a constant
occurrence.

Certain of these outbreaks are more
apt to become manifest than others.
Institutional outbreaks, or those coming
after a large gathering where a single
meal common to a considerable num-
ber of persons has been incriminated,
are readily detected. However, in
other instances in spite of large num-
bers of cases, relatively few are re-
ported. Outbreak 10 (Table 1) illus-
trates this point. The epidemiological
investigation revealed that an infected
pastry product had been shipped to
numerous restaurants and diners in
many different communities. For the
most part it was sold in individual
helpings. Although hundreds of poten-
tially infected pies were distributed,
only 60 cases came to our attention.
For the most part these consisted of
multiple cases occurring among smali
groups of persons who had eaten to-
gether at a single restaurant. In such
groups the common source could be
established without too much diffi-
culty. "Car sickness " was considered
the cause of one patient's illness with
symptoms so severe that hospitalization
became necessary. A newspaper ac-
count of the outbreak eventually led to
the association of this case with the
epidemic. In individual cases it is often
very difficult to pick out any single food
as the cause of symptoms. This factor
alone tends to obscure the source of
many outbreaks and is a definite asset
to dirty and poorly managed food dis-
pensing establishments.

The storage of food is an important
factor in the morbidity rate. The
longer the infected food is kept in a
warm place, the greater the attack
rates. In each of the outbreaks re-
viewed here, the epidemiological in-
vestigation revealed that the food was
kept warm for a period of several
hours. Thus certain procedures of
food preparation may be the means of
incubating pathogenic organisms acci-
dentally introduced.

It has been assumed at times that
bacteria harbored in the nose and
throat of food handlers may be respon-
sible for staphylococcal and strepto-
coccal food-borne disease. Roberts and
Wilson 19 in the study of one outbreak
attempted to show that a strain of
staphylococcus cultured from infected
pastry was the same as that recovered
from a food handler. Repeated cul-
tures of this person revealed the same
strain for a period of 4 months.
Identical organisms were recovered
from other food handlers in the
bakery.
Our study demonstrates that staphy-

lococcal food poisoning outbreaks may
be traced to specific food handlers as
sources of infection. In each instance
where it was possible to culture the
nose and throat of persons responsible
for the preparation of an incriminated
product, an apparently identical strain
of Staphylococcus aureus was recovered
from at least one of the food handlers
and the infected food (Table 1). Al-
though staphylococci are a universal
contaminant of the environment, those
strains harbored in the nose and
throat of the food handler are invariably
associated with outbreaks.

Figures collected from several
sources 19 showed that the incidence of
staphylococcus in the nose and throat
of the general population was quite
high, ranging from 76.3 per cent to
86.1 per cent in several different
samples. Apparently all of these
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strains were not chromogenic and only
a portion of them were hemolytic.

Utilizing the kitten tests, we com-
pared the incidence of enterotoxin-pro-
ducing strains of Staphylococcus aureus
in the nose and throat of food han-
dlers involved in food poisoning out-
breaks with that of other food han-
dlers. There was a significant statis-
tical difference between the two groups.
Eighteen per cent of a total of 122 in
the incriminated group harbored entero-
toxin-producing staphylococci, while
only 3.4 per cent of the control group
of 146 carried such organisms.
Our study suggests that staphylo-

coccal food-borne outbreaks are asso-
ciated with a high enterotoxin-producing
staphylococcus carrier rate among the
incriminated food handlers. In four
outbreaks, the incriminated strain was
recovered from more than one food
handler of a particular group. In one
outbreak 3 members of the cafeteria
personnel in an industrial establish-
ment were found harboring the same
organism as that isolated from the in-
criminated food. Moreover, this ap-
peared to be the identical strain which
had been recovered in a previous out-
break 7 months before at this very
plant. Another group of food han-
dlers was cultured 5 months after the
occurrence of a staphylococcal food
poisoning outbreak. Enterotoxin-pro-
ducing staphylococci were isolated from
3 of the 21 members of this group.
Three of the reported outbreaks

were attributed to green-producing
streptococci. In two of these, ap-
parently identical strains were recovered
both from the incriminated food and
the nose and throat of food handlers.
Alpha-streptococci of Group H (Lance-
field) were involved in one, and of
Group B (Lancefield) in two. In each
instance, kittens were made ill by whole
cultures of the respective streptococcus,
but not by its filtrate. The incubation
period both in patients and kittens was

prolonged as compared with staphy-
lococcal food poisoning.

Green-producing streptococci belong-
ing to Group H are a common in-
habitant of the nose and throat.20 The
distribution of this organism should be
borne in mind in the diagnosis of ob-
scure food-borne outbreaks where the
incubation period is somewhat longer
than that of the. staphylococcal out-
break and where no other bacterial or
toxic agent is demonstrable. Alpha-
streptococci of Group B are less fre-
quently encountered 21 in routine nose
and throat cultures. To our knowl-
edge, these three outbreaks are the
first reported food-borne epidemics
produced by alpha-streptococci classi-
fied according to group-precipitation
tests (Lancefield).

Outbreak 15 is of unusual interest.
A beta-hemolytic streptococcus (Group
A, Griffith Type 2) was established as
the causative organism. The outbreak
consisted of 24 cases of scarlet fever, 56
cases of septic sore throat, 7 cases of
diarrhea, 7 cases of nausea and
vomiting, and 8 cases of miscellaneous
complaints. Gastrointestinal symptoms
were unusually prevalent in all the
patients. The identical strain of
streptococcus was isolated from the
throat of the responsible food handler,
from the ground ham, and from the
throats of several patients. Animal ex-
periments and other laboratory pro-
cedures suggest that an enterotoxic sub-
stance may have been responsible for
the unusually large incidence of nausea,
vomiting, and diarrhea. Detailed de-
scriptions of this outbreak and labora-
tory procedures are contained in other
published reports.14' 22

Although three different groups of
bacteria were involved in these eighteen
food-borne outbreaks, carriers of a spe-
cific organism were the apparent
source of infection in thirteen. In the
five remaining outbreaks, food handling
personnel were not cultured.
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PREVENTION
One of the most effective methods of

reducing food-borne diseases is the en-
forcement of proper personal hygiene
practices by all food handlers. Keep-
ing the hands away from the mouth
and nose, covering the mouth with a
handkerchief while coughing or sneez-
ing, followed by washing the hands,
covering foods whenever possible, re-
frigerating those that are perishable,
reducing the interval between cooking.
and eating, eliminating food handlers
with purulent wounds, boils, or infec-
tions of the hand, preventing food han-
dlers with sore throats from preparing
food-all these will reduce most of the
instances whereby staphylococci and
streptococci may contaminate food.
One of the methods for controlling the
ubiquitous staphylococcus in cream or
cream-filled pastries is the rebaking of
these delicacies as described by Stritar,
Jungewaelter, and Dack.23

SUMMARY
Food-borne outbreaks in war plants

may become an ever increasing cause
of absenteeism among workers. Health
officers, industrial physicians, and cafe-
teria managers working cooperatively
may accomplish a great deal toward the
prevention of food poisoning.

It must be borne in mind that al-
though staphylococci and streptococci
are found everywhere in the environ-
ment, food handlers carrying such or-
ganisms in the nose and throat are
almost invariably responsible for food-
borne outbreaks. In thirteen out of
eighteen outbreaks reviewed in this
paper, apparently identical organisms
were recovered from incriminated food
and the nose and throat of food
handlers.

It is suggested that staphylococcal
food-borne outbreaks are associated
with a high enterotoxin-producing
staphylococcus carrier rate among the
incriminated food handlers.

Three of the-outbreaks were pro-
duced by alpha-streptococci, the re-
sponsible organism in each instance
having been classified according to
group precipitation tests (Lancefield).
One outbreak had as its etiological agent
beta-hemolytic streptococci (Group A-
Griffith Type 2).

REFERENCES
1. Dack, G. M. Food Poismsing. University of

Chicago Press, 1943, 138 pp.
2. Fuchs, A. W. Disease Outbreaks from Water,

Milk and Other Foods in 1939. Pub. Health Rep.,
56:2277-2284 (Nov.), 1941, and 2468 (Dec.), 1941.

3. Getting, V. A. Epidemiologic Aspects of Food-
borne Disease. New England J. Med., 228:754-762
(June 10), 788-796 (June 17), and 823-830
(June 24), 1943.

4. McGee, L. C., and Creger, J. D. Gastroin-
testinal Disease Among Industrial Workers.
J.A.M.A., 120:1367-1369 (Dec.), 1942.

5. Horwood, ]M. P., and Pesare, P. J. Sanitation
and Bacteriology of Public Eating Utensils. Pub.
Health Rep., 57:33-44 (Jan.), 1942.

6. Linden, B. A., Turner, W. R., and Thom, C.
Food Poisoning from a Streptococcus in Cheese.
Pub. Health Rep., 41:1647 (Aug.), 1926.

7. Klechner, A. J. Bacteriological Studies on
Fecal Streptococci and Lactic Acid Streptococci. J.
Lab. & Clin. Med., 21:111-123 (Nov.), 1935.

8. Cary, W. E., Dack, G. M., and Meyers, E.
Institutional Outbreak of Food Poisoning Possibly
Due to Streptococcus. Proc. Soc. Exper. Biol. &
Med., 29:214 (Nov.), 1931.

9. Cary, W. E., Dack, G. M., and Davison, E.
Alpha Type Streptococci in Food Poisoning. J. Infec.
Dis., 62:88-91 (Jan.-Feb.), 1938.

10. Lancefield, R. C. A Serological Differentiation
of Human and Other Groups of Hemolytic Strep-
tococci. J. Exper. Med., 57:571-595 (Apr.), 1933.

11. Griffith, F. The Serological Classification of
StreDtococcus Pyogenes. J. Hyg., 34:542-584 (Dec.),
1934.

12. Favorite, G. O., and Hammon, W. McD. The
Production of Staphylococcus Enterotoxin and Alpha
Hemolysin in Simplified Medium. J. Bact., 41:
305-316 (Mar.), 1941.

13. Hammon, W. McD. Staphylococcus Entero-
toxin: An Improved Cat Test, Chemical and
Imnmunological Studies. A .J.P.H., 31:1191-1198
(Nov). 1941.

14. Foley, G. E., Wheeler, S. M., and Getting,
V. A. A Food-borne Streptococcus Outbreak: The
Differentiation of Staphylococcus Enterotoxin from
Toxic Substances Produced in Minced Tissue Media
by Hemiiolytic Streptococci and Other Agents. Am.
J. Hyg., 38 (Sec. B):250-259, 1943.

15. Dack, G. Al. Food Poisoning. University of
Chicago Press, 1943, p. 122.

16. Koser, S. A. Diagnostic Procedures and
Reagents. Am. Pub. Health Assoc., New York, 1941,
p. 213.

17. McBurney, R. A Critical Review of Studies
on the Methods Used in Detecting Enterotoxic
Strains of Staphylococci Involved in Food-Poisoning.
Proc. Sixth Pac. Sci. Congr., 5:405-412, 1942.

18. Woolpert, 0. C., and Dack, G. M. Relation
of Gastrointestinal Poison to Other Toxic Substances
Produced by Staphylococci. J. Infec. Dis., 52:6-19
(Jan.-Feb.), 1933.

19. Roberts, J., and Wilson, R. J. A Third Out-



840 AMERICAN JOURNAL OF PUBLIC HEALTH Aug., 1944

break of Staphylococcal Food Poisoning in Hamilton,
Ontario. Canad. Pub. Health 1.,, 30:590-598 (Dec.),
1939.

20. Hare, R. Classification of Hemolytic Strep-
tococci from the Nose and Throat of Normal Human
Beings by Means of Precipitin and Biochemical
Tests. J. Path. & Bact., 41:499-512 (Nov.), 1935.

21. Lancefield, R. C. A Serological Differentia-
tion of Human and Other Groups of Hemolytic

Streptococci. J. Exper. Med., 57:571-595 (Apr.),
1933.

22. Getting, V. A., Wheeler, S. W., and Foley, G.
E. A Food-borne Streptococcus Outbreak. A.J.P.H.,
33:1217-1223 (Oct.), 1943.

23. Stritar, J., Dack, G. M., and Jungewaelter, F.
G. Control of Staphylococci in Custard-filled Puffs
and Eclairs. Food Research, 1:237-246 (May-June),
1936.

California Acts on Cheese-borne Typhoid Fever
According to a report recently re-

leased by Wilton L. Halverson, M.D.,
Dr.P.H., Director of Public Health of
the State of California, approximately
76 cases of typhoid fever, all of Type C,
have occurred in California during the
period between April 9 and May 26.
Seventy of these cases occurred in four
counties, namely, Kern, Tulare, San
Benito, and Monterey. Four addi-
tional cases have been reported from
Nevada.

In view of the fact that all cases
were of the same type and since all
occurred during the same approximate
time interval, it was assumed that the
outbreak was from one source rather
than from multiple sources.

Epidemiological investigation elicited
the information that in various areas
cases tended-to trade at certain grocery
stores. This was especially true in
Bakersfield, where practically all of the
20 cases traded at one store.
The investigation elicited the infor-

mation that the common factor was the
ingestion of unripened, unpasteurized
cheese of the Romano Dolce type, a
type of cheese recently developed in
California. When it became evident
that well over 90 per cent of all the
cases had ingested this type of cheese,
a conference was called with representa-
tives of the dairy industry, the Univer-
sity of California, the State Depart-
ment of Agriculture, and the State
Department of Public Health.

According to Dr. Halverson, after
the data had been canvassed all con-
cerned agreed that the evidence at hand
called for immediate action, namely, the

impounding of all cheese of this type as
well as companion types manufactured
in the same factories. To this end,
action was immediately taken by the
State Department of Agriculture, the
regulatory agency for dairy products.
An intensive investigation of the cheese
factories producing cheese distributed
in the areas concerned began. Because
of complex and overlapping distribution
systems, it was not possible to incrimi-
nate any single factory.
The previous call for an extraordinary

session of the State Legislature for an-
other purpose gave an opportunity to
secure legislation to prevent a repeti-
tion. The Director of Health requested
Governor Earl Warren to request in a
supplementary call legislation which
would correct this situation. The
Governor immediately saw the impor-
tance of setting up safeguards to pre-
vent a recurrence and as a result legis-
lation was prepared, has been passed
by both houses, and signed by the
Governor, which provides that all
cheese sold in the State of California
must be pasteurized, must be made of
pasteurized milk, or must be ripened
or cured for a period of not less than
60 days. The bill also provides for
proper labeling of the product whether
manufactured in or out of the state, and
contains an urgency clause which makes
it effective immediately.
The short interval of time between

the discovery of the cases and the co-
operative action on the part of the
State Departments of Agriculture and
Public Health and the immediate action
of the Legislature are notable.


