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country in the 1920s and, more
recently, similar epidemics have
taken place in Tasmania and
South America.3-S Clinically, such
hyperthyroidism resembles
Graves' disease, or autoimmune
hyperthyroidism. In Denmark
during World War II, an outbreak
of thyrotoxicosis occurred, with
more than a sixfold increase in
incidence.S The etiology was never
defined. As for leakage/exogenous
thyrotoxicosis, there have been
seasonal clusterings of patients
with subacute thyroiditis associ­
ated with various viral illnesses.22

One report of an outbreak of
thyrotoxicosis, probably misdiag­
nosed as Graves' disease, was
attributed to the inclusion of
thyroid glands in sausage.23 Other
than the geographic clustering of
silent thyroiditis in the "U.S.
goiter belt," there had been no
suggestion of an epidemic of silent
thyroiditis.

Coincident with the observa­
tions of the Valley Springs index
case, a report of the first known
community outbreak of silent
thyroiditis was presented to the
67th Annual Meeting of the
Endocrine Society.24 This out­
break had occurred the previous
spring in York, Nebraska, some
200 miles south of Valley Springs.
A total of 54 cases had been
identified (300 per 100,000) in the
area surrounding York. The cases
had the clinical features of silent
thyroiditis. Both clinical and
laboratory evaluations showed the
patients to be thyrotoxic but with
normal, nontender thyroid glands
and with a low radioactive iodine
uptake. The outbreak had been
very short-lived, lasting only about
2 months. A case-control study
had demonstrated that the cases
reported a respiratory illness in
the 60 days preceding the thyro­
toxicosis more commonly than did
controls and that the cases had a
higher prevalence of the HLA-DR3
antigen. The investigators,

relatively common disease, occur­
ring with an annual incidence of
10 to 90 new cases per 100,000
population,19-21 the appearance of
five cases in a population of 800
over a short period of time is the
equivalent of an annual incidence
of greater than 625 new cases per
100,000! A quick review of avail­
able records confirmed that the
patients were in fact thyrotoxic.

Unlike other forms of thyrotoxi­
cosis, silent thyroiditis had not
previously been reported to occur
in epidemic outbreaks. Most
epidemics of hyperthyroidism have
followed the introduction of iodine
supplementation in an iodine­
deficient population. The most
famous epidemic occurred in this
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patient called to ask, "Doc, can
you tell me why there are five
people in my small town of Valley
Springs with the same disease?"
His mother had recently devel­
oped an illness diagnosed as
thyrotoxicosis. He had also
become aware of three other cases
of thyrotoxicosis in his small
South Dakota community with a
population of only 803, as well as
several additional cases in adja­
cent small communities in south­
western Minnesota.

It was tempting either to
question the basic diagnosis in
these patients or to attribute the
clustering as a chance phenome­
non of no clinical significance.
Although thyrotoxicosis is a
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Figure 1. Map of the outbreak region. Valley Springs, SD, was the site
of the index case, and Luverne, MN, was the epicenter of the outbreak.
The relative lack of cases in the regional population center, Sioux Falls,
SD, provided an important clue.

to be considered as an explanation of
the family clustering. Although the
possibility of a common viral illness
was now remote, most investigators
continued to favor an infectious
disease hypothesis for the etiology.
Finally, the geographic distribution
needed explanation. The regional
trade and social patterns seemed to
be in conflict with an isolated clus­
tering of the disease around the
community of Luverne.

The next clue to the puzzle
came when a woman called our
research laboratory and identified
herself as the first potential case
from Sioux Falls. She had learned
of the outbreak from her parents,
who lived in Valley Springs, and
recognized that she and her
daughter had similar symptoms.
Although she and her family
visited Valley Springs frequently,
they did not stay overnight and
ate meals there relatively infre-
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fected was approximately equaL
All age groups, from pediatric to
geriatric, were affected. There
was no occupational group that
seemed affected more than others.
One of the most striking findings
was that a high percentage of
family members had comparably
elevated T4 levels when screened.
Despite this, there was no evi­
dence of person-to-person trans­
mission outside of the home, at the
worksite, in schools or among
friends. Finally, a very distinct
geographic pattern emerged. The
epicenter of the outbreak was
Luverne, Minnesota, a community
of 10,000 located approximately 25
miles east of Sioux Falls, South
Dakota, and 10 miles east of
Valley Springs, the index commu­
nity. The boundaries of the
outbreak seemed very sharply
defined, and there were no cases
identified in Sioux Falls, the
regional trade and medical center.
In fact, there were no cases west of
Valley Springs (Figure 1).

This initial information pro­
vided important clues. The lack of
evidence for person-to-person
transmission outside the home
indicated that we were not dealing
with a respiratory virus, as had
been suggested in
the York outbreak.
The family cluster-
ing suggested we
were dealing with a
specific vector. The
fact that all age
groups were in­
volved and both
sexes were equally
affected suggested a
food or drink vector
rather than a vector
such as cosmetics,
which would have
had specific predi­
lections within the
family. The possi­
bility of specific,
possibly genetic
host factors also had

Clues to the Vector

Initial efforts were directed toward
characterizing the temporal and
geographic boundaries of the
epidemic. At first, all investiga­
tors favored the hypothesis that
this was a viral or bacterial illness
with specific host factors necessary
for expression of the disease.
Physician, hospital and laboratory
records were reviewed and newly
identified cases and family mem­
bers interviewed. It became
readily apparent that we were
dealing with a major outbreak of a
disease. Within the first 2 weeks,
field investigators led by Dr.
Fishbein had identified more than
50 cases that fit a very strict case
definition. These preliminary
studies revealed a number of
important discriminant variables
(Table 3).

The earliest confirmed diagno­
sis was in August 1984, although
some cases had symptoms that
preceded this date. Unlike most
forms of thyroid disease, the
number of men and women af-

however, did not draw any etio­
logic conclusions from these data.

Fortuitously, I first read the
report of the York outbreak in the
Program of the Endocrine Society
Meeting on the very evening the
index case reported his observa­
tions to me. The next morning, I
reviewed the records of the nu­
clear medicine departments of the
various Sioux Falls hospitals. A
remarkable upsurge in the inci­
dence of thyrotoxicosis with sup­
pressed radioactive iodine uptake
became apparent. I contacted the
senior authors of the York study
and invited them to participate in
a study of the apparent new
outbreak in our region. A Thyro­
toxicosis Outbreak Study Group
was subsequently established.
Table 2 lists its members.
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*Odds ratio 19.0; p = 0.00001

Table 4: Results of the Case
Control Study of Patients with
Epidemic "Silent Thyroiditis"*

quently. She had no personal
contact with any of the known
cases or families from Valley
Springs. She did, however, obtain
some of her groceries from the
town.

Following up on the possible
food linkage required some "shoe­
leather" epidemiology. I visited
the Valley Springs grocery store.
A review of food distribution
sources there revealed that most
food and beverages either origi­
nated from Sioux Falls distribu­
tors or from large regional dis­
tributors. Only one food item was
of local origin - ground beef. The
Sioux Falls patient acknowledged
buying some of this beef. The
grocery store owner reported that
he purchased most of his fresh
meat and some ground beef from a
regional wholesale distributor, but
that he also purchased beef trim
from a local processing plant. This
beef, which was ground at the
store, was popular because it
contained very little fat. The
grocer knew of other grocers in
Luverne and small towns to the
east who sold this ground beef, but
was unaware of any grocers from
communities west of Valley
Springs who followed this practice.
This was a critical finding. How­
ever, it also complicated the search
for a vector. Since ground meat is
usually packaged at the point of
distribution without an indication
of brand name, consumers would
not know the source of the meat.
Only the distributors could provide
this information.

Dr. Fishbein then identified two
intersecting discriminant vari-

Patients
"Ate the beef' 32
"Didn't eat" 12

Controls

14
30

abIes that strongly implicated this
source of ground beef as the vec­
tor. A second Sioux Falls family
suffering from thyrotoxicosis was
identified. Like the original
family, they went out of their way
to purchase ground beef from the
rural Valley Springs grocery store.
A third extended family suffering
the disorder was found living on
the eastern edge of the outbreak.
They were the only affected
members in their community. One
of the family members worked at
the implicated processing plant
and purchased beef trim there,
which he had ground and distrib­
uted to other family members. All
of the family members were
thyrotoxic except one, a 12-year­
old boy who was a vegetarian.

A total of 121 cases were
identified in the outbreak. The
cases had to meet a rigid case
definition of presenting with two
or more symptoms or signs of
thyrotoxicosis, circulating thyroid
hormone concentrations greater
than 25% above the upper limits of
normal and no other known
thyroid disease. The sex ratio was
approximately equal (62 male: 59
female). In a geographic survey of
the region, the highest incidence
was found in Rock County, in
which Luverne is located (34 cases
per 10,000 person years). Only 7%
of examined patients had an
enlarged thyroid gland, and the
radioactive iodine uptake was less
than 10% in 23 of the 25 patients
tested.

A case-control study was
instituted on July 15, 1985. Forty­
four of the identified cases were
age and sex matched with commu­
nity controls chosen at random
from the telephone directory.
They were interviewed regarding
their exposure to a number of
agents, including ground beef and
poultry. The case-control study
confirmed that the implicated
ground beef was the vector.
Thirty-two of the patients (73%)

and 14 of the control subjects
(32%) recalled consuming ground
beef prepared from the implicated
source (odds ratio 19.0;p=0.00001,
Table 4).2

Search for Etiology

Identifying the vectors was only
part of the solution. While waiting
for the case-control study to be
completed, we pondered what
could be in the meat that would
cause thyrotoxicosis with the
characteristics of silent thyroiditis.
One important piece of clinical
information was not available.
Ordinarily, when investigating a
new disease, pathologic examina­
tion of the diseased tissue, in this
case the thyroid, would be given
high priority. However, the
incidence of goiter among the
affected patients was no greater
than that in the general popula­
tion. Thus, if we biopsied an
enlarged gland, it would not be
representative of the disease, and
we were hesitant to attempt to
biopsy a normal-sized thyroid
gland. With time, more informa­
tion was obtained; the lack of
person-to-person transmission and
the fact that the meat was cooked
before serving made a bacterial or
infectious agent unlikely. This
obviated the need for pathologic
examination of thyroid tissue.

We considered from the very
outset the possibility that inclu­
sion of thyroid gland in the meat
was responsible for the observed
symptoms. Cooking does not
destroy thyroid hormone, and the
time course of disease in individ­
ual cases fit with what might be
anticipated from the ingestion of
thyroid hormone. However, this
possibility was given a low priority
because of the belief that the
ingested meat would not contain
sufficient quantities of thyroid
hormone to produce the observed
effects. The bovine thyroid is
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relatively small, weighing approxi­
mately the same as the human
gland, or 20 to 30 grams. Each
animal could be expected to yield
at least 20 kg of ground meat. If
this amount were diluted with the
remaining sources of meat, the
actual dose of thyroid hormone
consumed in the usual serving
would be too small to cause the
observed symptoms.

We were prohibited from
directly inspecting the meat, as
public health officials feared this
would bias the study and prema­
turely alert industry officials.
After the case-control study
confirmed the association of
consumption of ground beef
prepared from the implicated
packing plant, we hurried to
inspect the meat used to prepare
the ground beef at the Valley
Springs store. The meat consisted
exclusively of neck strap muscle!
Some strap muscle had dark red
tissue attached, which appeared to

Figure 2. Beef neck trim with attached thyroid.
Smooth, darker area in the lower pole is thyroid;
the upper pole is strap muscle. Unmagnified.

be thyroid. Figure 2 is a photo­
graph of a piece of trim with
darker, smoother tissue in the
lower pole. Dr. Simmons of our
laboratory studied frozen tissue
sections and confirmed that this
was thyroid tissue (Figure 3).

The packing plant producing
the thyroid-laden meat was very
cooperative. The product was
immediately withdrawn, and
samples provided for study.
Elegant follow-up studies by Drs.
Braverman, Ingbar and Meyer
confirmed the presence of thyrox­
ine in the implicated ground meat
and hyperthyroxinemia in rodents
and human volunteers who
consumed cooked portions of the
meat.

Samples of implicated ground
beef were found to have a mean
iodine concentration of 43.7±8.4lJ.g
per gram, a mean T

4
concentration

of 11.4±2.1IJ.g per gram and a
mean T3 concentration of
0.67±0.15IJ.g per gram. From
these values it was calculated that
an average quarter-pound ham­
burger would contain approxi­
mately 1,300 IJ.g ofT4 and 76IJ.g of
T3. This compares to the usual
treatment dose of 100 IJ.g per day
for T4 and 50 IJ.g per day for T3

when these hormones are used to
treat myxedema! Thyroxine and
T3 were not identified in meat
samples obtained from other
sources. Figure 4 demonstrates
the serum concentrations ofT

4
, T

3
and thyroid-stimulating hormone
(TSH) in a normal volunteer
before and after being fed a well­
cooked 0.5 lb hamburger prepared
from the implicated meat.2

A review of the processing plant
revealed that it operated primarily
as a slaughterhouse from which
dressed carcasses were shipped for
processing. The plant operators
sold little meat directly but did
trim neck meat and distribute it.
Each neck yielded an average of
only 0.911b of beef trim. To
maximize recovery of neck trim,

the strap muscles were trimmed
from their attachment to the
trachea, and adjacent thyroid
tissue was inadvertently included.
More than 900 lb of this thyroid­
rich neck trim was produced each
day. The neck trim was sold to
other meat processing plants for
resale or addition to other meat
products, or to employees and local
grocers who ground it for con­
sumption as low-fat ground beef.

Conclusions

The consumption of ground meat
contaminated with thyroid was the
cause of the syndrome of silent
(painless) thyroiditis in the cases
studied. The severity of symptoms
and elevation of serum T

4
were

dependent on how much and when
the patients had last eaten the
implicated meat. This, in turn,
was influenced by shopping habits

Figure 3. Photomicrograph of neck trim showing
skeletal muscle with attached thyroid tissue
(original magnification x 100).
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Figure 4. Serum concentrations ofT" T, and thyroid-stimulating hormone (TSH) in a normal volunteer
before and after ingestion ofa well-cooked O.51b hamburger prepared from the implicated ground beef
(from Reference 2). Reprinted by permission ofTheNewEnglandJournalofMedicine.
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discovery, and the subsequent
change in practices it engendered,
is associated with a decrease in the
incidence of the silent thyroiditis
syndrome.

On August 29, 1985, the U.S.
Department of Agriculture issued
an advisory to all USDA-inspected
plants that temporarily prohibited
trimming near the gullet in beef
and pork trim used for human
consumption. Permanent prohibi­
tion of this procedure has been
proposed.26 With the USDA prohi­
bition, it is likely that similar out­
breaks have been prevented, but a
slight possibility of recurrence
exists because of the availability of
foreign-produced meat and the
ever-present danger that U.S. meat
declared unfit for human consump­
tion will illegally surface in the food
supply. The clinician should keep
these possibilities in mind as
potential causes of isolated thyro­
toxicosis or hyperthyroxinemia.
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known for waste. Therefore, it is
reasonable to assume that other
plants were trimming close to the
larynx and inadvertently including
portions of the thyroid gland.
However, the usual procedure
would be to include this in other
sources of trim so that, at most, it
would be responsible for isolated
cases of hyperthyroxinemia.

Whether other plants were also
selling a more concentrated neck
trim, and whether this could have
been responsible for the increased
incidence of silent thyroiditis
without goiter, especially in the
Great Lakes area, is a matter for
speculation. Product liability law
holds a producer responsible for
damages caused by a defective
product, even when the defect is as
inadvertent as in this case. The
meat-packing industry's fear of
liability suits made it difficult for
us to survey practices at other
plants. We must wait to see if this

Postscripts

and the source of ground beef.
Variables such as preceding viral
illnesses, family history of thyroid
disease and the presence or
absence of goiter were "red her­
rings" and had no real relationship
to the illness. It was only because
a number of families in a geo­
graphically isolated region consis­
tently purchased ground meat
from grocers who used the same
source that this cause of thyrotoxi­
cosis was identified.

A number of people in the
outbreak area had significant
degrees of hyperthyroxinemia but
were not identified as being ill.
Direct evidence for this comes
from the observation that only
rarely were two members of the
same household diagnosed as
having the illness, despite the fact
that all members sharing the
same meals would have exposure
and that screening confirmed
hyperthyroxinemia. This is not
surprising, as it has long been
known that patients, especially
young patients and those without
cardiovascular disease, may toler­
ate marked degrees of hyperthy­
roxinemia without symptoms.
This was demonstrated in this
study and in previous studies in
which normal volunteers were
given large amounts of thyroid
hormone. 2,25 The total number of
persons affected in the present
outbreak is unknown, but it
should be noted that the plant
produced more than 900 lb (3,600
quarter-pound hamburgers) per
day.

We do not know how general the
practice was of including portions
of thyroid gland in ground meat.
Before the discovery of the cause
of this outbreak, trimming close to
the larynx was allowable. The
meat processing industry is not
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