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A BOUT 2,300 foodborne and waterborne out-
jljl breaks, affecting almost 100,000 persons,
were reported in the United States for the 10-
year period ended in 1960, according to Dauer
(1). He stated that many foodborne disease
outbreaks, particularly family outbreaks, prob¬
ably never come to the attention of local health
authorities. Many authorities have suggested
that the actual number of foodborne and water¬
borne outbreaks is at least 10 to 50 times greater
than the reported number.
During 1951-60 California was one of three

States with the highest reported rates of food¬
borne and waterborne disease outbreaks. An
increasing incidence of foodborne disease has
been attributed to Clostridium perfringens
(welchii) in California.
The reported number of foodborne and water¬

borne outbreaks in the United States for 1951-
55 averaged 1.4 per million population annually
(1). For the same period, California reported
273 outbreaks, an annual average rate of 4.6.
For 1956-60 California reported 553 outbreaks,
an annual average rate of 7.2 per million popu¬
lation. Similarly computed rates for other
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States indicate that in 1951-55 California tied
for first place with Oregon, and for 1956-60
California had the second highest rate in the
nation, with Maine leading with a rate of 7.6.
Although we believe that California's rates

reflect relatively good reporting rather than in¬
adequate preventive measures as compared with
other States, we feel there is considerable mar¬

gin for improvement in preventive measures.

For the years 1957-61, about 50 percent of
California's reported foodborne outbreaks were

classified as "etiology unknown" (see table).
This percentage is comparable with that for
the United States as a whole. During 1961,
only 24 of California's 79 health jurisdictions
(58 full-time and 21 part-time health officers)
reported foodborne outbreaks.

In many areas there appears to be positive
correlation between the amount of activity and
direction of interest of those responsible for
communicable disease control and the amount of
foodborne disease reported. From what we

call "other intelligence," for example, personal
contacts, newspapers, and radio reports, we

know that some outbreaks are investigated
locally but are not reported officially to State
health authorities. Also, outbreaks occur which
are not investigated. At the local level, it is
often very difficult to distinguish small out¬
breaks from concurrent disease in the commu¬

nity. Late notification to local authorities
seems largely responsible for the category
"etiology unknown" remaining at about 50 per-
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cent of reported outbreaks. When late noti¬
fication occurSj the incriminated foods are

usually unavailable for laboratory examination.

Clostridium perfringens
Although C. perfringens was first described

as a cause of food poisoning by McClung in
1945 (#), no marked increase occurred in the
United States in the recognition of outbreaks
caused by this organism. Failure to use an-

aerobic culture techniques to verify the etiologic
agent may have effectively hidden outbreaks
epidemiologically suggestive of C. perfringens.

Since 1945, notably because of the work of
Hobbs, C. perfringens has assumed greater im¬
portance, particularly in the "general out¬
break" category in England and Wales. In
these countries, during 1949-58, although O.
perfringens was responsible for only 1 percent
of foodborne incidents (incident being defined
as any situation in which illness occurs in the
form of a sporadic case, family or general out¬
break, or both), it was responsible for 9 percent
of the general outbreaks (3). During this pe¬
riod in the United States, C. perfringens had
been suspect on some occasions, but rarely re¬

ported as the etiologic agent responsible for
outbreaks. Hart and associates described a

1959 outbreak which affected nearly half the
450 passengers who had been served a turkey

dinner aboard a special railway train (^).
Large members of 0. perfringens and enter¬
ococci were isolated from the turkey; however,
the causative factor of the outbreak was not
conclusively identified.
The increasing incidence of reported C. per¬

fringens in California is shown in the table.
The first reported outbreak, affecting 26 per¬
sons, occurred in 1959 (5). In 1960 two out¬
breaks, affecting 108 persons, and in 1961 five
outbreaks, affecting 464 persons, were reported.
During 1961C. perfringens outbreaks accounted
for 5.5 percent of the total reported outbreaks
in California and 17.5 percent of the total per¬
sons affected. This fourfold increase over 1960
made this organism responsible for the largest
number of cases due to a single known etiologic
agent during 1961 in California.
Early in 1962, we assisted in the investigation

of a foodborne outbreak of illness at a large
State institution for the mentally ill in Cali¬
fornia. Smear samples of the creamed turkey
served at the evening meal showed large num¬
bers of a gram-positive organism similar to C.
perfringens. Subsequently, C. perfringens was
isolated from the food and from stool specimens
submitted by several patients and employees
residing in different areas of the institution.
Similar serotypes were isolated from the food
and from the stool specimens, and they coin-
cided with Hobbs' provisional serotypes. Stool

Note: Percentages are rounded independently and may not add to 100.0.
Sotjbce: California Department of Public Health: Morbidity reports.
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specimens from the same persons did not yield
the same serotypes 2 weeks later.
We believe that this is the largest single out¬

break due to C. perfringens reported to date.
However, two factors made it particularly diffi¬
cult to assess the true incidence at this institu¬
tion: (a) the peak incidence occurred between
2 a.m. and 4 a.m., the hours when minimal staff
is in attendance, and (b) the nature of the pop¬
ulation made collection and tabulation of
history data questionable. Despite these diffi¬
culties, the hospital staff estimated that ap¬
proximately 800 to 900 of the 2,227 patients
were affected.
When a survey was conducted several days

after the outbreak, it was difficult to substanti¬
ate the estimated number of persons affected.
Intensive efforts were then made to tabulate
the attack rates for those patients and staff con¬

sidered by the hospital authorities most likely
to provide reliable data. The groups selected
included 38 persons on the staff who ate the sus¬

pected meal, and 312 patients from different
areas of the institution. Thirty-six of the staff,
an attack rate of 95 percent, and 113 of the
patients, 36 percent, were affected.
Applying the overall attack rate for the se¬

lected groups to the total patient population
gave a total number ill similar to the original
800 to 900 estimated by the staff. The hospital
employees ate the same food at the same time
as the patients. Since the employee group can

reasonably be considered more reliable and had
reported a significantly higher attack rate than
the patient group, the number of patients af¬
fected may have been much higher.
In our general experience with clostridial

outbreaks, epidemiologically incriminated foods
have been meat or its associated broth or sauce,
or both. The liquids used as a base for broth or

sauce are usually prepared from the meat, and
they have a high protein content. A review of
food preparation history indicates a product
usually sufficiently cooked to break down pro¬
tein and to drive off oxygen. This process, in
addition to the natural oxidation-reduction po¬
tential of meat, is sufficient to support anaerobic
growth.
The strains of C. perfringens usually respon¬

sible for foodborne illness in England and
Wales produce spores which are extremely heat

resistant and survive boiling for 1-4 hours (6).
However, McKillop (7) observed C. perfringens
outbreaks associated with non-heat-resistant
types. Therefore, large masses of spore-con-
taining cooked food, inadequately or slowly
cooled, or foods left simmering under low heat,
provide an excellent opportunity for spores to
germinate into the vegetative form and to mul¬
tiply rapidly. The temperature range for
multiplication of vegetative forms is rather
wide. Under favorable conditions the number
may increase nearly 200-fold in a 3-hour incu¬
bation period in a temperature range of 102°-
120°F. (8). It becomes obvious therefore that
astronomical numbers of organisms may be
present in some of the incriminated foods.
Foods, though initially free from clostridia,
may be contaminated after cooking, through
handling or from utensils, dust, and cutting
blocks. The organism is ubiquitous in nature
and can be routinely cultured from dust, soil,
kitchen floors, and chopping blocks (6).
Smith (9) reported that the intestinal tracts
of all animals, including man, would yield G.
perfringens if adequate selective culture tech¬
niques were employed. Hobbs and Wilson
(10) found as high as 8.9 percent of carcass

beef contaminated with this organism, and
Yamamoto and associates (11) have shown that
28 percent of 110 turkey fecal samples con¬

tained heat-sensitive C. perfringens.

Preventive Measures

Hobbs (6) has stated, "Whereas the elimi¬
nation of organisms of the Salmonella group
from foods should be regarded as both essential
and practicable it is suggested that to aim at
freedom from Staphylococci would be difficult
and from Clostridium welchii impossible."
Clearly, control efforts must be directed toward
prevention of the vegetative growth phase of
the organism. Pressure cooking for an ade¬
quate time and at a high enough temperature
will destroy the spores and thereby eliminate
the possible availability of the vegetative phase
for multiplication, provided the product is not
recontaminated. Oven roasting is inadequate
to destroy the spores short of spoiling the meat
for eating.
Preparation of food the day before it is
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served should be discouraged. When this is
impracticable, the food should be cooked at a

temperature above 140° F., cooled quickly to
below 40° F., and kept cold in order to prevent
the multiplication of organisms. So that meat
will reach a roasting temperature quickly and
will cool rapidly and adequately, it should be
oven roasted in pieces no larger than 6 pounds.
Foods, such as turkey a la king, which are

usually prepared ^ell in advance of a meal,
should be reheated so that all the ingredients
are brought to a boil. Particular attention
should be paid to meat liquors to be used for
gravy or broth. These liquids should be re¬

frigerated in small containers and stirred fre¬
quently to promote rapid cooling.
The recognized ubiquity of C. perfringens

seems to make the human carrier of little impor-
portance epidemiologically. Therefore, undue
efforts to incriminate him or to exclude him
from work are unwarranted.

Discussion

Foodborne disease caused by G. perfringens
is ordinarily a mild clinical illness of man,
with attendant low mortality. It is usually of
short duration and is characterized sympto-
matically by abdominal griping and diarrhea,
some nausea, and, infrequently, vomiting.
Some affected persons may show a slight tem¬
perature elevation.
In the investigation of an outbreak presumed

to be caused by C. perfringens, consideration
should also be giveii to Salmonella, enterococci,
and Bacillus cereus in differential diagnosis.
The range of incubation periods for C. per-
fringens is 8-22 hours, with a mean of 10-12
hours. The clostridia involved in foodborne
outbreaks are classified as belonging to type A;
and in England and Wales most isolates have
been highly heat resistant in the spore form.
Hobbs has tentatively classed the members of
the group which causes foodborne disease into
13 serotypes. In California not all outbreaks
have yielded heat-resistant strains. Two out¬
breaks have yielded heat-labile strains that are

serologically related to each other. Hobbs and
associates (12) suggest that the property of heat
resistance may be lost by a single passage on ar¬

tificial media. It is apparently not yet clear

whether heat-labile strains may be a primary
cause of illness. However, in England most
strains studied have been heat resistant.
According to Hobbs (6), the exact cause of

the enteritis produced by C. perfringens is not
known. However, large numbers of the active
vegetative form of the organism are required
to cause illness. The symptomatology suggests
a toxic illness and yet the incubation period
suggests infection.
Since illness due to C. perfringens is ordinar¬

ily rather mild, has a relatively long and var¬

iable incubation period, and occurs without the
explosive onset characteristically associated
with staphylococcal foodborne illness, the dis¬
ease may not be recognized as being foodborne.
This might be especially true in a population
which is more conditioned to frequent bouts
of gastrointestinal disturbance or in a popula¬
tion incurring endemic illness due to other
causes including viral agents.
According to L. deS. Smith (personal com¬

munication and unpublished paper, 1960) and
from our experience, undue harshness in blend-
ing or freezing of bacteriological specimens
may make the recovery of organisms extremely
difficult. Therefore, until this problem has
been clarified, the epidemiologist investigating
an outbreak presumably due to C. perfringens
should keep specimens at refrigerator temper¬
ature, rather than freeze them, until they are

examined at the laboratory.

Summary
During 1951-60 California was one of three

States with the highest reported rates of food¬
borne outbreaks in the nation. However, about
50 percent of reported foodborne outbreaks in
California are categorized as "etiology un¬

known," a percentage comparable with that for
the total United States.
Reported cases of foodborne illness caused by

Clostridium perfringens showed a fourfold in¬
crease in California between 1959 and 1961. An
outbreak which affected an estimated 800 to 900
persons in a California mental institution in
1962 was attributed to C. perfringens. This is
believed to be the largest single outbreak due to
C. perfringens reported in the United States to
date.
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The recognized u b i q u i t y of clostridia
makes imperative vigilant scrutiny of food-
preparation practices, particularly the prepara-
tion of food far in advance of consumption.
Some strains of C. perfringens produce heat-
resistant spores which withstand ordinary cook-
ing. Therefore, large masses of spore-contain-
ing cooked food, inadequately or slowly cooled,
or foods left simmering over low heat, provide
an excellent opportunity for spores to germinate
into the vegetative form and multiply rapidly.
Since large numbers of the organism are neces-
sary to produce illness, efforts at prevention
must be directed toward preventing growth of
the vegetative phase.
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Fellowships for Health Workers
The World Health Organization will provide U.S. citizens in 1963,

at the request of the Government of the United States, a limited num-
ber of short-term fellowships in public health and related fields for
the "improvement and expansion of health services" in the United
States. Applicants must be engaged in full-time public health or
educational work. Officers and employees of the U.S. Government are
not eligible.

Applications will be screened by aWHO Fellowship Selection Com-
mittee established by the Surgeon General. The committee will con-
sider the ability of the individual, the proposed field of study, and the
contribution the applicant's foreign study would make.
These fellowships will cover per diem and transportation, but except

in very unusual circumstances, will be limited to short-term travel of
2 to 4 months. Employers of successful applicants are expected to
endorse applications and to continue salary during the fellowship.
The deadline for the receipt of applications is January 1, 1963, but

successful applicants probably cannot start their fellowships before
May 1, 1963. Further information and application forms may be
obtained from Dr. Howard M. Kline, Secretary, World Health Or-
ganization Fellowship Selection Committee, Public Health Service,
Washington 25, D.C.
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