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SERUMS, ANTITOXIN, AND DRUGS IN THE TREATMENT OF
MENINGOCOCCUS MENINGITIS*

By Sara E. BRANEAM, Senior Bacteriologist, United States Public Health Service,
National Institute of Health

Serum therapy in meningococcus meningitis had its beginning with
Jochman in 1906 (). He immunized horses and treated 30 human
cases of meningitis with their serum. Results were so encouraging
that he expressed the belief that serum might prove a useful means
of combating the disease.

In 1913, Flexner (2) reported the treatment of 1,300 cases with
serum with a mortality less than half as great as that prevalent during
that period. The importance of the serum being polyvalent was
stressed by Dopter (3) and by Wollstein (4), who had found that
meningococci were not all alike serologically.

The importance of polyvalency was emphasized further by the
intensive work done during the World War, when meningococcus
meningitis was so prevalent in the army camps of France, England,
and the United States.  Out of this work grew classifications of men-
ingococci into two broad, main groups. The French (5) referred to
these as A and B; the British as I and II (6). Then Gordon and
Murray (7) subdivided these two groups, by absorption of agglu-
tinins, into I, II, III, and -IV. The Gordon-Murray classification
has come into use in practically all English-speaking countries, while
the French A and B classification is more commonly used on the
continent of Europe. No confusion need arise if it be remembered
that the French A represents the Gordon-Murray I and III, and that
B represents II. Too little is known of IV to be sure of its relation-
ship, though it is apparently quite distinct in this country.

It was during the World War period that the value of antitoxic
as well as antibacterial properties in serum was emphasized by
Gordon (8).

From 1918 to 1928 there was relatively little meningitis; cases were
mostly sporadic. There was a general feeling that serum therapy

was on a satisfactory basis.

1 Read before the Medical Society of the District of Columbia, November 10, 1937,
49786°—38——1 (645)
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In 1928, a severe wave of meningococcus meningitis appeared on
the West Coast of the United States and moved slowly eastward.
Evidence indicated that this wave had its origin in China and that it
reached the United States by way of the Philippine Islands. In
these outbreaks, serum proved disappointing; mortality remained
high; and many physicidns felt that serum did no good at all.

To what could be attributed this apparent failure of a method of
therapy which had once seemed so promising? In order to find an
answer to this question it seemed imperative to find a more satisfac-
tory way of evaluating serum before it was released for distribution.
“What constitutes a good serum?”’ is a question that can be answered
only when a good serum can be recognized as such before the
therapeutic test is made.

Efforts to determine the value of serum had been made from the
very beginning of its use. Jochman () protected small laboratory
animals before he gave serum to human cases. Flexner and Jobling
(9) did likewise. A general impression developed among workers in
this field that laboratory animals, other than the monkey, were not
susceptible to infection with meningococci, that death among them
was due to endotoxins which gave irregular results, and that, in con-
sequence, a protection test for standardizing serum was not feasible.
Bacteriological knowledge has developed rapidly within the last few
years, and modern aids to technical skill have made many things.easy
that were formerly difficult. We know now that very virulent menin-
gococci may often lose their virulence within a few days after isolation,
and that stock cultures kept in laboratories may lose specificity and
antigenicity as well. These factors were all involved in complicating
the problem of satisfactory standardization of antimeningococcic
serum upon a protection basis. It was largely due to this situation
that the mouse protection test, worked out by Hitchens and Robinson
(10) in 1916, was not more successful in other hands.

Thus test-tube methods came into use. The agglutination test
became generally adopted. Such a standard is arbitrary, but it has
served a two-fold purpose: (1) It indicates that the horses responded
to injection by producing some kind of antibodies, and (2) it shows
polyvalency. Evidently there are other factors involved, and such
a test does not tell enough.

During the last decade it has been shown (71) that meningococcus
infection can be produced in several types of small laboratory animals
if cultures of sufficient virulence are used. Intracisternal injection of
rabbits and guinea pigs with relatively small doses of very virulent
meningococci is followed by a typical acute meningitis. It has been
impossible to protect these animals (12), because horse serum is very
toxic for them when it is given by the intracisternal route and it has
thus far proved ineffectivo by other routes. With mice, however,
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intraperitoneal injection is followed by a generalized infection (13),
and they can be protected against such infection by immune serum.
Different lots of serum vary widely in protective action, though the
agglutinin content of all may be high.

Virulence in meningocoeci is transient, so that a frequent change in
cultures used in such protection studies has been necessary. Re-
cently, Miller has found that suspending meningococci in a solution
of mucin (14) emphasizes any virulence which such a culture may
possess, so that, with very virulent strains, as few as 2 to 10 menin-
gococci may produce a fatal infection. This technique makes it
possible to use a given culture over a long period of time and increases
the possibility of standardizing such a method sufficiently to make
possible its use in evaluating sera. Such a small m. . d. makes a more
accurate titration of serum possible. With so many variable factors—
i. e., mice, virulence of culture, lot of mucin, and variation in serum—
reliable standardization of such a protection test is not easy; but until
that is done, it is impossible for a comparison of results obtained in
different laboratories to be accurate. Nevertheless, the fact that
many sera protect mice so well, whereas others do not, may be con-
sidered as valuable information, though the relation between mouse
protection and human protection is not yet established. Steps to-
ward working out a standardized mouse protection test have been
made. Mlshulow, Cohen, and Rake (13) (16) have published pre-
liminary reports in-this field.

Within the last few years an a.nt.ltoxm for the treatment of menin-
gococcic infection has been developed by Ferry (16), by immunizing
horses with toxic filtrates of broth cultures of meningococci. Some
excellent results have been reported to have followed its use (17).
Various lots of antitoxin undoubtedly vary in efficacy, as do the var-
ious lots of the usual antibacterial serum, and this will result in con-
flicting reports of its value until such time as its standardization be-
comes more satisfactory. Toxin-antitoxin neutralization has not
been demonstrated successfully in laboratory animals, nor do the anti-
toxins contain sufficient demonstrable antibodies to allow the use of
arbitrary test tube methods. On the other hand, many lots of anti-
toxin protect mice well against meningococcus infection. Thus far,
the only method of standardizing the antitoxin is by the partial neu-
tralization of skin tests in human beings. The ideal serum should
perhaps be both antibacterial and antitoxic.

After a good serum has been prepared and standardized, how should
it be given? There has been much discussion on this question, and
it is difficult to observe any rules, as any case may seem to be a law
unto itself. This probably accounts for the fact that the person who
is most successful in treating meningitis is usually the person who has
had most -experience with the disease. All are agreed that much
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depends on giving it as early as possible. Intraspinal therapy has
long been most common. The chief advantage of this method has
been that it enables the serum to come into direct contact with the
meninges. If, as is commonly thought, the serum acts directly on
the meningococci, this would indeed seem to be the most rational
mode of administration. Some physicians feel that the serum does
not always reach the infection—that with a purulent and viscid spinal
fluid the serum remains in the spinal canal where it was injected and
is drawn out again when the next spinal tap is made.

A factor often overlooked is the toxicity of horse serum for the
meninges. Acute and fatal meningitis is produced in guinea pigs and
rabbits by intracisternal injection of very small amounts of many
normal horse sera. There are instances on record of “aseptic menin-
gitis” following intraspinal injection in human beings. A really
excellent serum may apparently do so much good that the irritation
that it causes may be a minor consideration; but if such serum therapy
is carried on too long, the continued irritation may delay the patient’s
recovery. According to some very excellent clinicians it is almost as

_important to know when to stop giving serum as to know when to
start it. _

Intravenous serum therapy, both in combination with intraspinal
therapy and alone, is being used more and more often. Since menin-
gococcus meningitis usually begins as a septicemia, and a severe
-toxemia is usually evident, intravenous administration of serum would
-seem to have a rational basis. The usual procedure is to dilute the
serum greatly with physiological saline or glucose solution before
injecting it intravenously, and some physicians make it a rule to add
‘adrenalin. Since meningitis patients often become very dehydrated,
this large amount of fluid serves an additional purpose. Caution must
be exercised in administering serum by this route until it has been
determined that the patient is not hypersensitive to horse serum.

It is not entirely certain how much of the serum that is given
intravenously reaches the meninges, and so a combination of in-
travenous with intraspinal therapy is most often employed. But
some clinicians are warm advocates of the intravenous method
alone (17). They believe that, by avoiding the irritating effect of
serum on the meninges, lumbar puncture to relieve increased pressure
does not have to be done so frequently.

Since sulfanilamide and its related compounds have been shown
to be so useful in streptococcus infections, its effects upon other
microorganisms have been investigated. Buttle, Gray, and Stephen-
son (18), Proom (19), and workers at the National Institute of Health
(Rosenthal, Bauer and Branham) (20) have found sulfanilamide to
exert a marked curative action in mice infected with meningococci.
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Disulfanilamide, prepared by Bauer (20), has been found to be more
effective than sulfanilamide, and less toxic though also less soluble.

A comparison of the curative action in mice of sulfanilamide with
that of polyvalent antimeningococcic serum has indicated a marked
difference in individual strains of meningococci. With some strains
the drug was more effective; with others the serum was more effective;
with still others the drug and the serum were equally effective. This
led us to investigate the combined action of the drug and serum (21).
It was found that, with all strains of meningococci that were tested
in mice, the combination was far more effective than either alone.
The curative action was more than could be accounted for by the sum
of the effect of the two agents; there seemed to be some kind of
synergistic action. These observations have been confirmed by
Brown (22).

Several reports of the successful use of the drug alone in clinical
cases of meningitis have appeared in recent journals. No reports of
cases treated with both drug and serum have yet been published, but
such treatment is being used in several places. The author has seen at
least 15 cases and has been told of others in which this combined
therapy has been employed and the results have been very promising.
Among these 15 cases there was one death. This patient was a 50-
year-old man with heart complications who was admitted to the hospi-
tal in a coma from which he never roused. Before allowing ourselves to
become too enthusiastic about the clinical use of:this combined drug
and serum therapy we must remember that this was not an epidemic
period and that relatively mild cases would be expected, and also, that,
with the exception of the one fatal case, the patients receiving this
treatment were in a decidedly favorable age group, i. e., 12 to 25 years.

DISCUSSION

It is becoming more and more evident that it is necessary to use
cultures of meningococci which are good antigens in order to make good
serum. The best antigens may not necessarily be the most recent
or the most virulent strains. Just how such strains are to be chosen is
a subject of much study at the present time.

Some better way of standardizing serum than the commonly used
agglutination test is important. Good sera do seem to have a high
agglutinin content, but not all good agglutinating sera have an
equally useful effect therapeutically.

At the present time a mouse protection test seems promising.
There are so many variable factors involved in such a test that stand-
ardization of the technique is difficult, but it will be necessary if such
tests are to be compared with each other.

The relation between the protective action of any given serum for
mice and for man can be known only through the help of the clinician.
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Every lot number of serum is different. Each represents a pool of
serum in different proportions from several different horses. Each
has passed the standardized agglutination test required by the United
States Government for its release for distribution. But all do not
help the patient equally; sometimes one will be more helpful in one
case, and another in other cases; occasionally, one will seem par-
ticularly good with all patients. What constitutes this difference?
These serums are now all being subjected to intensive laboratory
study. If the clinician can require the lot number of every serum
used to be recorded on his patient’s chart as a matter of record, much
useful information about the clinical value of the serums may be
obtained, and a comparison with the laboratory findings can be made.
Through such a collaboration we may perhaps some day find out just
what constitutes a good antimeningococcus serum and how to make it.

At the present time it seems likely that certain drugs may prove
to be a useful adjunct to serum in treating meningococcus infections.
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STUDIES ON TRICHINOSIS

Y. The Incidence of Trichinosis as Indicated by Post-mortem Examinations of
1,000 Diaphragms!

By M. O. Noran and JorN BozicevicH, Division of Zoology, National Institute of
Health, United States Public Health Service

In the first paper of this series, Hall and Collins (7) made a pre-
liminary report on the results obtained from a study of the incidence
of trichinae as ascertained from the examinations of diaphragms of 300
necropsy cases. With a view to obtaining further data, possibly of
greater statistical significance, on the extent of trichinosis in our
sample and in its constituent population groups, the present authors
examired 700 additional diaphragms, completing a proposed base
series of 1,000 cases. The present paper reports the results obtained
from a study of the zoological findings in the base series, and covers
the 300 cases of Hall and Collins and our 700 cases, the total of 1,000
cases being considered as a unit. In order to facilitate comparison
and to avoid unnecessary repetition, the general outline followed in
Hall and Collins’ paper is followed in this paper. Correlations of
incidences in population groups with the socio-economic and other
factors involved, based on the same series of 1,000 cases, will be
considered in a later study in this series.

The 700 diaphragms examined in this study, as well as the 300 ex-
amined by Hall and Collins, were from unselected routine necropsies,
and were obtained from the same hospitals listed by Hall and Collins—
10 in Washington, D.-C., and 1 in Baltimore, Md.—and, in addition,
from 4 United States naval hospitals (Philadelphia, Pa.; Chelsea,
Mass.; Brooklyn, N. Y.; and Portsmouth, Va.). Of the 1,000 cases,
824 were from Washington (D. C.) hospitals, 110 from the United
States Marine Hospital, Baltimore, and 66 from the United States
naval hospitals listed above. As Hall and Collins stated in regard to
their cases, these 1,000 cases “represent to an unusual extent a cross
section of a rather large number of the population groups of the United
States,” running “the range of childhood to old age, military and civil
life, association with land and sea, sane individuals and mentally
deranged hospitalized cases, black and white, male and female, and
high and low economic-social status.” Magath (2) thought that be-
cause of the use of the word ‘‘cadavers,”” the 300 diaphragms examined

1 Following are the preceding articles of this series:

L. The incidence of trichinosis as indicated by post-mortem examinations of 300 diaphragms. By
Maurice C. Hall and B. J. Collins. Pub. Health Rep., 52: 468 (1937). (Reprint 1816.)
II. Some correlations and implications in connection with the incidence of trichinae found in 300
diaphragms. By Maurice C. Hall and B. J. Collins. Pub. Health Rep., 52: 512 (1837). (Re-
III. Tl?: lcl:)';x:z;;)clinieal picture of trichinosis, and the diagnosis of the disease. By Maurice C. Hall.
Pub. Health Rep., 52: 539 (1937). (Reprint 1819.)

IV. The role of the garbage-fed hog in the production of human trichinosis. By Maurice C. Hall. Pub.
Health Rep., 52: 873 (1937). (Reprint 1836.)
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by Hall and Collins were from dissecting-room subjects. In corre-
spondence with Dr. Hall, Dr. Magath has requested that attention be
called to his misinterpretation of the source of the material.

We wish to acknowledge our indebtedness to the individuals named
by Hall and Collins (Z) for their continued cooperation in supplying
diaphragms and data, and also to Dr. Eugene C. Rice, Jr., and Dr.
B. Manchester, at Children’s Hospital, Washington, D. C., and to the
following officers of the United States naval hospitals: Capt F. E.
Sellers, Philadelphia; Capt. R. A. Warner and Capt. E. C. White,
Chelsea; Capt. C. M. George and Lt. Tilden I. Moe, Brooklyn; Capt.
I. S. K. Reeves and Capt. R. A. Warner, Portsmouth. We are in-
debted to Dr. Selwyn D. Collins, principal statistician, United States
Public Health Service, for his careful consideration of the statistical
validity of our data.

METHOD

Both the direct microscopic technique and the digestion-Baermann
technique were used by us in examining diaphragms for trichinae.
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FIGURE 1.—Metal compressor and glass slides used in the direct microscopic examination of muscle for
trichinae.

Slight modifications in the two methods, as described by Hall and
Collins, were made as the examinations progressed and improvements
in technique suggested themselves. For the direct microscopic
technique, 1 gram of muscle from various parts around and near the
tendinous portions of the diaphragm was cut into small thin pieces,
scissors being used for this cutting. These pieces were placed between
two glass plates approximately 22 cm (8% inches) long by 5 cm (2
inches) wide and 5 mm thick, which were in turn pressed between
two metal frames by four bolts and nuts (fig. 1). The 4-bolt-and-nut
framework has the advantage over the 2-bolt-and-nut arrangement
described by Hall and Collins and used in the examination of (approxi-
mately) the first 400 diaphragms, in that a more uniform pressure,
with consequently a more uniform transparency of the muscle pieces,
is obtained. The press preparation was then examined with the
wide-field dissecting microscope, using 12.5 ocular and 1.7 objective.
The number of cysts found was recorded in terms of trichinae per
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gram, and notation was made of the state of the cysts, whether
calcified or not calcified, the degree and localization of calcification,
and whether the trichinae were dead or alive.

For the digestion-Baermann technique, the diaphragm, after
removal of the l-gram sample, was weighed, finely ground, and
digested in an incubator room at 37° C., in freshly prepared artificial
gastric juice (5 grams commercial pepsin, 7 cc concentrated hydro-
chloric acid, 1 liter of water). We found that for samples of diaphragm
weighing 50 grams or more 3 liters of artificial gastric juice were
required for proper digestion. The mixture was thoroughly stirred
with a glass rod at intervals of about one-half hour 4 or 5 times, and
left in the incubator room for approximately 18 hours or longer.
In many instances the entire diaphragm, in others only a very small
portion, was received from hospitals. For amounts above 50 grams,
multiples of 25 grams were used, as a rule; for amounts below 50 grams,
all available material was used. The maximum amount used for
digestion was 200 grams; the smallest amount was 5 grams (used in
only 3 cases); the average for 1,000 cases was 98 grams.

After digestion, the supernatant fluid was siphoned off to within
several inches of the bottom of the container, care being taken not to
roil the digested material which had settled on the bottom. The
material remaining after the removal of the supernatant fluid was
mixed with water at a temperature of 37° to 45° C., and the mixture
poured on an 80-mesh screen in a Baermann apparatus, sufficient
water being added to cover the screen, and allowed to stand 1 hour
or longer. About 200 cc were then drawn off into a conical sedimenta-
tion glass. Beginning with the thirty-fifth diaphragm and continu-
ing through the five hundredth, the funnel of the Baermann apparatus
was emptied of fluid, the apparatus was again filled with warm water,
and after being left to stand 1 hour or longer, 200 cc were again
drawn off. Since there was the possibility that, in drawing off the
water, cysts or inactive or dead worms, if these were present on the
screen, would be carried through the screecn mesh and lost with the fluid,
this procedure was modified. Beginning with the five-hundred-and-
first diaphragm, after the first draw of 200 cc, warm water was added
to the fluid already in the funnel, the material on the screen was
agitated by shaking the screen gently, and after an hour or so the
second 200 cc were drawn off. In the first 500 examinations there
were 2 cases in which the first Baermann was negative and the second
Baermann was found positive. Both were cases with dead worms,
found positive also by the direct microscopic method. In the
second 500 examinations there were 6 cases found negative on the
first draw and positive on the second draw, and all were very light
live infestations missed by the direct microscopic method.
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The fluid in the sedimentation glasses was allowed to stand about
2 hours, and the material that settled to the bottom was pipetted
into a syracuse dish and examined with the wide field dissecting
microscope, using 12.5 ocular and 1.7 objective. In positive findings,
the Baermann apparatus was placed in an incubator room overnight,
and additional amounts examined the next day until they were nega-
tive. The trichinae were counted and the numbers recorded.

In a survey of this kind, in which as many as 12 and 14 diaphragms
were handled in a day, great care had to be exercised to avoid con-
tamination. A separate grinder and set of instruments were used
for each diaphragm, and the equipment was washed thoroughly and
sterilized by dry heat before being used again. It was found that
sterilization in an autoclave did not materially alter the appearance
of trichina larvae, whereas sterilization by dry heat at a temperature
of 180° C.,, for at least 2 hours, so distorted the larvae that there
was no poss1b1]1ty of mistaking them for freshly icolated ones. All of
the glassware used, such as beakers, sedimentation glasses, etc., was
of pyrex or of other glass of equally high resistance that Wlthstands
dry heat at high temperatures, with the exception of the glass funnels
of the Baermann apparatus. These funnels were washed thoroughly
and immersed overnight in a 10 percent solution of sodium hydroxide
that would destroy any trichinae that might be present. The copper
screens were washed and scrubbed with a stiff brush, and carefully
flamed over a bunsen burner.

FINDINGS BY THE MICROSCOPIC AND THE DIGESTION-BAERMANN
’ METHODS

Hall and Collins (1) found that the use of either the direct micro-
scopic technique alone or the digestion-Baermann technique alone
has definite limitations in picking up positive cases, and noted that
even the use of both techniques will undoubtedly fail to detect tri-
chinae in a small minority of cases, notably in very light infestations
with dead trichinae. Our own observations support this view. Our
final incidence figure of 17.4 percent for 1,000 cases examined is higher
than Hall and Collins’ incidence figure of 13.67 percent for the first
300 cases examined, and yet it is probable, judging from the data
obtained and presented below, that an incidence of 17.4 percent is a

“bit below the actual incidence for our series.

From a study of table 1 it will be seen that dead trichinae were
found in the majority of cases. Of 174 positive cases, there were 80,
or 45.9 percent, with dead trichinae only; 60, or 34.4 percent, with
live trichinae only; and 34, or 19.5 percent, with both live and dead
trichinae. -Comparing the findings by the microscopic and the
digestion-Baermann methods, we have the following results:
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Microscopic technique.—This technique detected 118 of 174 positives,
or 67.8 percent, and failed to detect 56 positives, or 32.2 percent; it
failed in slightly less than one-third of the positive cases.

Out of 80 cases in which we found only dead trichinae, the micro-
scopic examination detected 74 cases, or 92.5 percent, and missed
6 cases, or 7.5 percent. Out of 60 cases in which we found only live
trichinae, the microscopic examination detected 13 cases, or 21.7
percent, and missed 47 cases, or 78.3 percent. Out of 34 cases in which
we found both live and dead trichinae, the microscopic examination
detected 31 cases, or 91.2 percent, and missed 3 cases, or 8.8 percent.

Of the 56 positives missed by the microscopic technique, all but
one were light infestations of less than one trichina per gram. The
one case, of approximately 3 trichinae per gram (37 cysts found in 13
grams digested), missed by this technique was an infestation with dead
trichinae which, according to our experience, should have been
detected by the microscopic technique and not by the digestion-
Baermann technique. The failure of the microscopic method in this
case might readily be attributed to uneven distribution of trichinae in
the muscle—especially as notable variations in distribution and in
intensity of infestation in different parts of the same diaphragm have
often been observed by us and by others—in spite of the fact that our
1-gram sample was composed of several small pieces of muscle taken from
different parts of the very small amount, only 14 grams, of diaphragm
provided. The element of chance plays a role in the sampling, and
it is evident that the microscopic method not only will miss light
infestations of less than 1 trichina per gram quite often, but also will
miss somewhat heavier infestations occasionally.

Drgestion-Baermann technigque.—This technique detected 114 of 174
positives, or 65.5 percent, and failed to detect 60 positives, or 34.5
percent; it failed in slightly more than one-third of the positive cases.

The digestion-Baermann technique detected all of the live and all of
the mixed cases, so that we may reasonably assume that very light
infestations in which live worms are present will seldom be missed by
this technique.

Out of a total of 80 cases in which we found only dead trichinae,
the digestion-Baermann method detected 20 cases, or 25 percent, and
missed 60 cases, or 75 percent. In the 60 cases of dead trichinae
missed by the digestion method, trichinae were found by the micro-
scopic method in numbers from 1 to 600 per gram, with an average of
approximately 15 per gram. All but 3 cases, these having 600, 54,
and 36 trichinae per gram, had 14 or less trichinae per gram. Of the
20 cases of dead trichinae detected by the digestion-Baermann method,
6 cases were not detected by the microscopic method. In the 14
dead cases pesitive by both methods, the numbers of trichinae per
gram found by the microscopic technique were 3, 3, 4, 5, 11, 12, 17,
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21, 31, 40, 51, 374, 947, 993. It is not surprising that the digestion-
Baermann technique is not very efficient in detecting dead infestations,
considering that it is entirely by chance that cysts and dead worms
fall through the screen and settle with the material that is drawn off for
examination. In some instances, cysts, and, less often, dead worms,
will float, and these trichinae will be missed; obviously, if all trichinae
are lost in this way, the case will be negative by this technique.

The combined microscopic and digestion-Baermann techniques
agreed in only 58 cases, or 33.3 percent, failing to agree in two-thirds
of the cases. We have seen that either technique alone failed to detect
approximately one-third of the positive cases. The total positive
findings, then, are approximately of this order: One-third of total
positives, especially those with dead trichinae, detected by direct
microscopic examination only; one-third of total positives, especially
those with live trichinae, detected by digestion-Baermann examination
only; one-third of total positives, especially heavy, or mixed infesta-
tions, detected by both examinations. Each method supplements the
other, and both must be used if a fairly accurate incidence figure is to

be obtained.
INCIDENCE

Of a total of 1,000 diaphragms, 174 were found infested with tri-
chinae, an incidence of 17.4 percent. Details of our positive findings
are given in table 1.

The first 300 cases of this. series, reported by Hall and Collins,
included 41 positives, or 13.67 percent. There were 15 positives in the
first 100 cases, 14 in the second 100 cases, and 12 in the third 100
cases. The positive findings per 100 cases for consecutive series in
the remaining 700 cases were as follows: 24 in the fourth 1Q0 cases,
14 in the fifth, 16 in the sixth, 17 in the seventh, 18 in the eighth, 24
in the ninth, 20 in the tenth. Any discussion of range of variation is
postponed until a later date, when a study of several thousand dia-
phragms will have been completed.

Even with a range of variation from 12 positives in 100 cases to
24 positives in 100 cases, subsequent examinations of a similar series
of 1,000 diaphragms from the same hospitals and from the same popu-
lation groups, similarly represented, using the same techniques, should
yield approximately the same percentage of positives. Statistically,
the standard deviation of our percentage of positive cases, 17.4 per-

cent, as computed by the formula ‘[2}, where p is the percentage of

positive cases, ¢ the percentage of negative cases, and n the total
number of cases examined, is +1.2; so that on repeated samples of
1,000 each of the type of autopsy material here sampled, we might



658

April 29, 1938
TaBLe 1.—Findings for positive cases
Findings Microscopic Digestion-Baermann
Pori-
tive | State of Num. Total
num-| trichinae ber of Amount | mum- | Ny,
ber Micro- | Diges- cysts State of cysts ofd ber of ber per State of
scopic | tion r sh larvae larvae
pe igested | recov- | TaM
gram ered !
1| Live._..| - + 28 | 0.187 | Live.
2 d....| + - 0] 0
3| Live_._.|] — + 3] 0.02 Do.
4 el 4 - 0| 0
5| Live....| 4+ + 24| 0.48 Do.
6| M | + + 4] 0.04 ; 3
live.
7 -]+ - 0| 0
8| Live....| <4 + 4| 0.04 | Live.
9| ..do..... - + 2( 0.04 Do.
10 - + - [N
11 { Live___.| — + 7| 0.035 | Live.
-] + + 1] 0.0l | Dead.
13 |._.do._... - + 2| 0.013 Do.
14 | Mixed...| -— + 4] 0.08 {1 dead; 3
live.
15| Live....| =— + 2| 0.133 | Live.
16 !+ - 0| 0
17 |...do-.___ - + 3| 0.03 | Dead.
18 { Live_...| — + 1| 0.058 | Live.
19 | Dead....| + + 2] 0.02 | Dead.
...do_.__. + - 0f 0
21 | Mixed...| <+ + 60| 12 35“dend, 25
ve.
22 | Dead....| + + 2| 0.04 | Dead.
23 + - 0| O
24 + - o 0 .
25 + + 212 | 2.12 | 3 dead; 209
live.
2 - + 43| 0.43 | Live.
27 - + 3| 0.03 Do.
28 + + 23(c) | 0.23 | Calcified.
29 + - 0| 0
30 + + 39| 0.78 | 2 dead; 37
live.
31 + + 6| 006 |5 dead; 1
. live.
32 - + 8| 0.08 | Live.
8- - + 521 0.26 |2 l;:lead; 50
ve.
34 + + 77| 1.7 l?‘iii dead; 51
ve.
35 - + 299 4] 0.02 | Live.
38 + - 100 0] 0
37 + . - 50 [ ]
38 + el 50 0] 0
39 + + 50 11 0.02 Do.
40 + + 200 69 | 0.345 Do.
41 + + 175 21 0.12 Do.
42 - + 150 1| 0.000 Do.
4 + + 10| 1(c)| 0.01 | Dead.
44 |___do..... + + 20| 60(c){ 0.3 | Calcified.
45 | Live_ .| — + 0 125 1| 0.008 | Live.
46 | Mixed-_| + + 5|3 polar ealciﬂeation 150 132 | 0.88 Do.
t cal ; live
and
47 | Dead_._.| - + [ [, 125 61 0.048 | Dead.
codo_ - - + 0 200 1| 0.005 Do.
49 ixed..| + + 2|1 dettxd 1 lI:alar calcifi- 125 23| 0.184 | Live.
cation, live.
50 ead__.| + + 40 | Calcifled______._______ 150 1(c) | 0.006 | Calcifled.
51 | Mixed..| <+ + 18 | 4 completely calcified; 50 279 | 558 | Live.
14 polar calcifica-
tion, live.
52 |...do + + 1 Penpheryﬂ elaldtled' 75 11| 0.146 | 10 live; 1
parently live. cyst dead.
53 | Dead.._.| + - 2 af’ .............. 100 ol o
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TABLE 1.—Findings for posilive cases—Continucd
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Findings Microscopic Digestion-Baermann
Posi-
tive Bita ,f? o Num- Amount ,nrv‘x)tn?l
Toar | 10128 | Micro- | Diges. Borof [ e | ofdia- | berof |[NUM- | state of
scopic | tion | X © ol ¢ysts ghmxm larvae :a{’n“ lacvad .
gram igested | recov- | ®
. ered

54| Live_...| - + 1{ 0.013 | Live.

55| Dead-..| + - 0| 0

56 |...do..._. + - 0] 0

57 |...do..... + - of o

58 | Live....| - + 7( 0.003 | Live.

59 | Mixed- . + + 41 0.053 Do.

60 {...do..... + + 2| 0.026 |1 live; 1
cyst,
larva cal-
cified.

61| _.do_..] + + 1{....do________.._.._.. 100 1| 0.01 | Live.

62 |...do_.__. + + 2 Notcalciﬂed lve._... 175 71 0.04 |6 live; . 1
cyst,
larva cal-
cified.

63 | Dead. .. + - 3 | 2 partially calcified. 50 01 0

larvae calcified; 1
polar caleification.

64 Liye__-- - + [ N 125 21 0.016 | Live.

65 | Mixed-_| + + 1 P(:ilard calcification; 75 5| 0.746 Do.

ead.

66 + + 3| Calecified......_....._. 150 | 4(c) | 0.026 | Calcifled.

67 + + 2 | Polar calcification; 1 100 40| 0.4 39 live; 1

dead, 1 live. cyst.

68 + - 1 | Slightly calcified.._.__ 75 0| 0

69 - + [+ 2 D, 75 3{ 0.04 | Live.

70 - + 0 100 271 0.27 Do.

71 + - 2| Calecified_....._.___ 50 0} 0

72 1 - 1) Ao, e 75 0} 0

3 + 4 | Not calcified, larvae 18] 1(c) | 0.055 | Dead.

decenerated.

74 + - 1 75 0] 0

75 + + 6 125 376 | 3.008 | Live.

7 + - 3 | Not calcified, 100 o| 0

degenerated.

el + - 2| Calcified_.___...______ 75 0} 0

78 - + 0 . 200 9| 0.045 | Live.

79 + - 13 | Calcified_...__________ 75 0| 0

80 |___c + - 9 | Polar calcification._.__. 125 00

81 | Live....| - + [/ I, 100 3| 0.03 | Live.

B2 | Dead--.| <+ - 1| Only one pole calci- 25 0} 0

fied, larva degen-

era
83 | Live.._. - + [ 150 1§ 0.006 | Live.
84 | Dead_..| <+ - 2 | Partially calcified, lar- 36 01 0

vae degenerated. .

85 - + 0 150 42| 0.23 | Live.

86 - + 0 100 8| 0.08 Do.

87 - + [1] 50 31| 0.62 Do.

88 - :t 0 25 11 0.04 Do.

89 - 0 75 91 0.12 Do.

90 + + 1 100 11 0.01 Do.

91 + - 2 75 0o 0

92 I - 6 25 0] 0

3 - 6 | Degenerated 50 0| 0

84 + + 1| Larva sllglmy calei- 35 1] 0.028 Do.

fled; dead.

95 + - 1| Caleified ... 150 0ol 0

96 - + 0 150 9| 0.06 Do.

o7 - + 0 125 1| 0.008 Do.

8 + + 14 | 10 caleified, dead; 4 125 13 ] 0.104 Do.

: not calcified, live.

99 +. + 2 | Polar_ calcification; 1 10] 0.909 Do.

100 + - 3 20 ol o

101 + - 1 125 01 0

102 <+ - 3 13 [ ]

103 I - 36 50 0| 0

104 - 10 75 0| 0

105 - + 0 100 43| 0.43 Do.

106 - + - b 100 01 0

107 |.__do. + - 3 100 ol o
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TaBLE lt—Fin}ig'nga Jor positive »pc_m&Continued

Findings Microscopic " Digestion-Baermann
Posi-
tive | State of Num- Total
T | M58 | Micro- | Diges- | DOEOL| Aot Gl | Bar ot Num- | State of
scopic | tion | °FC Slnum larvae Laoll IS P39
Fam igested | recoy- | Eram
ered
Grams
108 | Mixed..| - + 0 120 15) 0.125 4"dead; n
: . ve.
109 | Dead....] <+ - 200 [\ ]
110 |...do. + - 100 0
11 |.._do. + + 200 | 43(c) | 0.215 | Calcified.
112 |...do +. + 100 32| 0.32 | Dead.
113 | Mixed-_| + + 1 50 1] 0.02 | Live.
114 | Dead-...| <+ - 1 75 0] 0
115 |.__do..... + - 2 100 [ ]
116 | Mixed--| <+ + 6 175 31 0.017 Do.
117 | Live..___| + + 251 75:] 4,860 | 64.8 Do.
118 | Dead-_..| + - 2 75 o] 0
119 |...do..... + - 5 150 ‘0| 0:
120 | Live..._| + + 11 200 107 | 0.535 Do.
121 |.__do..... + + 2 50 151 0.3 | Do.
122 | Dead....] - + 0 50 .11 0.02 | Dead.
123 | Mixed..| + + 7 | Some calcified, dead; 100 2| 0.02 | Live.
others live.
1% | Live._..| =~ + 0 200 2] o.01
125 | Mixed_.| + + 1 l}.tolar calcification; 150 4] 0.02 sudesd: 1
ve. ‘ : ve.
28| __do..... + + 2 Bigolsr calcification; 50 7] 0.14 | Live.
ead. .
127 | Live....| =~ + 0 25 0.24 Do.
128 |...do. - + 0 100 10} 0.1 Do.
129 |.._do.- - + 0 75 15] 0.2 Do.
130 |._.do-_..] =~ + [ 1 N 75 14| 0.186 Do.
181 | Mixed__| + + 5 Bipolar ealclﬂeation, 125 14| 01128 live; 6
3live. cysts
132 d....] + - 12 | Calcified_cocceeaee... 125 0] 0
133 | Mixed-_| + + 57 |----- do.. 7% 3| 004 |1 live; 2
cysts
: ' dead.
w2 T F gloie ol B 1| 9008 | Cateined
.do._-.|] + | 4+ | 17| do.o.________ . c 3
136 |.._do.._.| + - 1 Bipolar calcification. _ 125 S0 0 -
137 | Mixed..| + + 1| Not _calcified, iarva 125f 8] 0.064| Live,
138 | Dead....| -+ + 374 Calclﬂod some do- .50] 19(c) | 0.38 | Calcified.
139 | Live....] <+ + 7 Bipolnr ealciﬂeat.ion-_ 150 265 | 1.768 | Live.
140 |___do.___} - + 0 50 1] 0.02 Do.
141 | Dead.__.| + - 1 125 0] 0
142 | Live....| + + 1 125 79| 0.632 Do.
143 |..do..__| ~— + 0 75, 51 0.066 Do.
144 | Dead....| + - 1 25 o] 0 - .
145 | Live____| — + 0 50 3] o.04 Deo.
146 | Dead.._..| <+ - 1 "7 o 0'
147 | Live....| + + 1 100 2] 0.02 Do.
148 |...do.___| + + 7 150 504 | 3.98 Do.
149 | Dead....| + - 1 : ' 50 [ B]
180 |.__.do.___| + - 4 2!;Ipolucalctiggation, 18 of o
151 |.__do.._.|] + - 1 Calclﬂed degenerated .50 . 0] 0
152 [...do....] + - 1 aleified.______.___- 100 0] 0
183 |-..do_.._| + - 2 do 100 0| 0
154 | Live....| ~— + 0 50 42| 0.84 Do.
155 | Dead-.-.| + - 5 | Slightly calcified, lar- 2 [ R
vae dead, all but :
one degenerated. . .
156 | Live....| =~ + [+ ) R 50 5| o1 Do.
157 | Dead-...] <+ - 1| Not calcified......... 100 0] 0
18 | Live.... -— + 0 75 1] 0.013 " Do.
159 | Dead....| <+ - 1| Bipolar calcification, 75 0 0
larva deg:li'erated. .
160 | Mixed-.| <+ + 11 | 4 not calci live; 7 100 277 | 2.77 | 267 live; 10
calcified, dead. cysts
161 | Live._..| <+ + 1 | Bipolar calcification. . 50| . 2| 0.04 | Live.
162 |.__do.... - + 0 50 1] 0.02 Do. -
163 | Dead....| + + 12 | Calcifled.oeeeeen..._.| | 751 1() ! 0.013 | Calcified.
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TaBLE 1.—Findings for positive cases—Continued

Findings Microscopie Digestion-Baermann
Posi- Total
tive | State of Num-| A " o
pum-| trichinae ber of mount| nums | Nym.
ber m Dt}g;" c':;:t.s State of cysts of dis- l'”. ul :‘, ber per Sl:t:':(
r > | gram
gram digested| recov.
Grams
164 | Live....| - i 0 75 3| 0.04 | Live.
165 |...do....} - 0 125 11| 0.08 Do.
166 | Dead-...] <+ - 2 | Calcified...coceeeoooo 15 0f 0
167 | Live___.] - + 0 30 3] 0.1 Do.
168 | Dead-._| <+ - 13 | Calcifled... ... 19 0f 0
169 | Live._..| — i 0 209 24| 012 Deo.
170 | Mized..] <+ 16 | Blightly calcified; 7 175 14| 0.08 |11 live; 3
r ve, 9 dead. cysts
- dead.
171 | Live....| = + 0 2| 0.013 | Live.
172 |...doeeee] - + 0 150 3| 0.02 Do.
173 |._.do.-..| - I 0 28 1] 0.035 Do.
174 | Dead...| - [] 13| 37(c) | 2848 | Calcified

Number with dead trichinae only, 80, or 45.9 peroent.
Number with live trichinae only. , or 34.4 percent.
Number with live and dead trichinae, 34, or 19.5 percent.

expect a range of variation due to chance as high as 19.8 percent and
as low as 15.0 percent, this range indicating the range of 2 standard
deviations above or below the mean of our sample.

In all previous studies of the incidence of trichinosis in the United
States, based on examinations of the diaphragm or other muscles of
the body, investigators have used either the microscopic method alone
or the digestion-Baermann method alone. Hall and Collins (1) have
tabulated all the reports on such incidence studies published in the
literature, a total of 8 investigations, with a total number of 1,478
examinations and a total number of 181 positive cases.

Since the publication of their paper, another report on the incidence
of trichinosis has appeared.? Magath (2) examined, by the direct
microscopic method, 2 grams of muscle, including diaphragm, inter-
costal muscles, rectus abdominis, and sternocleidomastoid, from 220
patients dying at the Mayo Clinic, and he reported finding trichinae in
17, or an incidence of 8 percent. He also tabulates the results of the
earlier examinations made for trichinae. In his list are included 290
cases, referred to Glazier (3), over and above those recorded by Hall
and Collins, which 290 cases we believe should be omitted from statis-
tical consideration. They are mentioned by Glazier in quotations
from letters received from pathologists and anatomists in the United

1 After the completion of this paper there came to our attention an abstract by Thomas B. Pote, St.
Louls, Mo., “Excerpts from a Study of the Incidence of Trickinella spiralis in Man,” The Buresu Veteri-
narian, 1937, v. 13 (6), pp. 1-2. Pote examined diaphragm and pectoral, intercostal, and rectus abdominis
muscles from 1,060 routine autopsy cases. “More than twelve thousand nncut and unstained sections from

these specimens were examined microscopically. One hundred sixty-three, or 15.37 percent, of the one
thousand sixty persons studied were found to be infested with Trickindlia spiralis.”

49786°—38—2




April 29, 1038 662

States, and cover necropsies in which no special search for trichinae
was made. Incidence figures for more or less accidental findings do
not have the validity of those based on definite examinations for
trichinae, and only the latter examinations are considered here.

There are, accordingly, 1,698 cases with 198 positives, based on the
use of the microscopic technique alone or the digestion-Baermann
technique alone, in the available American literature. Combined
with our 1,000 cases with 174 positives, based on the use of both
techniques, these cases incorporating the figures of Hall and Collins,
we have a total of 2,698 cases with 372 positives, or an incidence of
13.8 percent. If both techniques, instead of one alone, had been used
in the examinations of the 1,698 cases, judging from our results with
the use of both techniques, the incidence figure would be higher and
would be closer to the actual incidence of trichinae throughout the
populations sampled.

Hall and Collins’ table indicates that the microscopic technique
alone was used in 676 cases, with 51 positive cases; and combining these
with Magath’s cases would give a total of 896 cases, with 68 positives.
The digestion-Baermann technique alone was used in 802 cases, with
130 positive cases. The findings in our series of 1,000 cases indicate
that the microscopic technique detected 118 of 174 positives, or 67.8
percent, and failed to detect 56 positives, or 32.2 percent; the digestion-
Baermann technique detected 114 positives, or 65.5 percent, and failed
to detect 60 positives, or 34.5 percent. Applying our correction figures
to the results obtained by other workers, it appears that with the use of
both techniques there would have been approximately 472 positives
out of a total of 2,698 cases, or an indicated incidence of 17.5 percent.
This figure is identical with the indicated incidence figure estimated by
Hall and Collins on the basis of their data, and is practically identical
with our figure of 17.4 percent for our base series of 1,000 cases. How-
ever, the 2,698 cases on which the incidence is computed is not a
weighted sample, the low-incidence South being represented by only
200 cases, the Rocky Mountain States being unrepresented, and the
entire sample having an urban basis, with the rural population
practically unrepresented. A more precise figure for the United States
might be based on a large series selected at random as a probably
representative sample, and such a series is now being investigated in
this laboratory.

INTENSITY OF INFESTATION

Following a classification presented in a table by Hall and Collins
(1), we have divided our positive cases into seven arbitrary groups on
the basis of number of trichinae found per gram, in order to show the
intensity of infestation, and these groups are shown in table 2. The
assignment to groups was made on the basis of the microscopic findings
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per gram whenever positive, because of their direct and positive
character; the digestion-Baermann findings per gram were used for the
other cases.

TABLE 2.—Positive groups on a basis of trichinae per gram

Number in various states
Group No. Larvae per gram Ig;’g:g’ Percent
Live Mixed Dead
Leecmcocccccceane-| Lessthan 1 o oo . 55 31.6 47 3 5
1 to 10, inclusive__.. 87 50 11 22 54
11 to 50, inclusive... 23 13.2 1 7 15
51 to 100, inclusive. . 4 2.3 0 2 2
-| 101 to 500, inclusive. 2 12 1 0 1
501 to 1,000, inclusive... 3 17 0 0 3
Over 1, 0 0 0 0 0
174 100.0 60 34 80

Our findings, in general, correspond to those of Hall and Copllins.
The highest percentage of cases is still in group 2, with groups 1 and
3 still following in that order. The number of cases in other groups
is still too small to establish a sequence. Hall and Collins found that,
in group 1, infestations with less than 1 trichina per gram, the large
majority of cases showed only live trichinae, whereas in all other
groups, with 1 or more larvae per gram, mixed infestations predomi-
nated over those with live larvae, and infestations with dead larvae
predominated over both other groups. Live larvae only were found
by them in groups 1 and 2, in contrast with the occurrence of cases
with dead larvae through group 4 and in group 6. They suggested
as a purely theoretical explanation of the apparent correlation of dead
larvae with heavy infestations, that the rapidity w.th which trichinae
die and calcify is proportional to the degree of infestation.

Our data sustain their theory, while still leaving the establishment
of the theory or its disproof until we have a larger amount of date,
including data from experiments on animals, a thing that might be
quite conclusive. However, the table shows that we find, as Hal' and
Collins found, a preponderance of cases with only live trichinae
present in only group 1, cases with less than 1 trichina per gram, in
which group live trichinae make up 85 percent of cases and dead tri-
chinae make up 9 percent of cases. In our table, mixed infestations
still predominate over live ones, and dead infestations over both, in
groups 2 and 3, with infestations from 1 to 10 and from 11 to 50
trichinae per gram. Beyond this point the figures become too small
to have any significance statistically; but it is still true that mixed
and dead infestations predominate over live ones in groups 4 and 6,
and the numbers are equal in group 5. Somewhat more significant
figures are obtained by taking the total 9 cases for groups 4 to 6,
inclusive, covering the range from 51 to 1,000 trichinae per gram, from
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which it appears that we have in this total 1 live infestation, 2 mixed
infestations, and 6 dead infestations, findings which are in line with
the other data and with the theory.

For a total of 119 cases with 1 trichina or more per gram, 63 percent
are cases with only dead trichinae, and only 11 percent are cases with
only live trichinae. Since there is little likelihood of missing these
heavier infestations, the predominance of dead infestations in this
group can be accepted on its statistical basis and the evident effect of
a time factor. There is still the possibility that infestations with less
than 1 dead trichina per gram are being missed, as Hall and Collins
(1) pointed out; and this possibility, as well as any indicated ratio of
such dead infestations to live infestations with less than 1 trichina per
gram, could be checked by complete microscopic examinations of an
adequate series of entire diaphragms.

Even smaller amounts of diaphragm might be inspected to check the
probabilities as to missed light infestations with dead trichinae.
There were 56 positive Baermanns with less than 1 trichina per gram,
with the direct microscopic examination negative, the 56 Baermann
examinations detecting the equivalent of 5.644 trichinae per 56 grams,
or an average of 0.102 trichina per gram, or approximately 1 trichina
per 10 grams. For all Baermanns with less than 1 trichina per gram,
with the direct microscopic examination either positive or negative,
a total of 104 examinations, the Baermanns detected the equivalent of
15.127 trichinae per 104 grams, or an average of 0.145 trichina per
gram, or approximately 1 trichina per 7 grams. Apparently, an
examination of 100 samples of 10 grams each for dead trichinae, in
cases negative on microscopic examination of 1 gram, would give a
figure on which to consider the probable incidence of light dead infes-
tations, assuming that the chance of detecting such cases in a 10-gram
sample was at least approximately a 50-50 chance.

The theory that the larvae in heavy infestations die more rapidly
than in light infestations carries as a corollary the postulate that the
time during which heavy infestations can be found in a live condition
is relatively short and, hence, that the chance of detecting them in
this stage is much less than the chance of detecting them during the
permanent state of death after they die. It does not eliminate the
chance of detecting them alive. From our limited data, it appears
that the chances of finding only live trichinae in infestations with
from 11 to 1,000 trichinae per gram are 6 chances in 100 (2 live cases
out of a total of 32). By contrast, the chances of finding live trich-
inae in infestations with less than 11 trichinae per gram are 41 chances
in 100 (58 live cases out of a total of 142 cases), and in infestations
with less than 1 per gram are 85 chances in 100 (47 live cases out of
a total of 55 cases). In other words, the chance of finding only live
trichinae in infestations with less than 1 trichina per gram is about
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seven times as great as the chance of finding only live trichinae in
infestations with over 10 trichinae per gram. These differences
appear to be significant, and our data still point to the likelihood
that in light infestations trichinae live a long time, and that in heavy
infestations there is a short period with only live trichinae, a longer
period with mixed infestations, and a still longer period with only
dead trichinae.

Hall and Collins (1), as already noted, state that the rapidity with
which trichinae die and calcify is apparently proportional to the
intensity of infestation. We have already shown that our data still
sustain the idea that the rapidity with which they die is proportional
to intensity of infestation; but since death may be unaccompanied by
calcification, and calcification unaccompanied by death, the question
as to whether rapidity of calcification also is proportional to intensity
of infestation is here given separate consideration. The point is
judged entirely on the existence of any degree of calcification whatever,
without reference to the degree of partial, up to complete, calcification.

From table 3 it appears that in 55 cases of very light infestation,
with less than 1 trichina per gram, calcification is present in 0 percent
of cases; in 87 cases of what appears to be an intermediate group of
infestations, with 1 to 10 trichinae per gram, calcification is present in
83 percent of the cases; and in 32 cases of the heavier infestations,
with from 11 to 1,000 trichinae per gram, calcification is present in 100
percent of the cases. The percentages for calcification rise definitely
as the infestations become heavier. The intensity of infestation at
which calcification is hastened appears to lie in the range from 1 to 10
trichinae per gram.

TaBLE 3.—Infestations on the basis of intensity and calcification as found in all
decades of age

Less 1-10 11-50 51-100 | 101-500 |501-1,000

than 1 | trichi- | trichi- | trichi- | trichi- | trichi-

trichina | nae per | nae per | nae per | nae per | nae per

per gram| gram | gram | gram | gram | gram
Totall T9tal
e TEIE I IE IR

o

HEHEUEEERIEEE

a8l|le E 5] E 5] E 5] E (5] E (5]

old|o|d|o|[B|8|F|S|E|8 |4

H|lO|BH|O|BH|O|BH|O|BR|O|B|O
0-10_. 11 0| Ofccee] O )acce| O facec] O facee| O facec 1 0
11-20_ 21 0 O )-ccc] O] OJacce| O fec] O feeee 2 0
21-30. 510} 7] 51 2} 2} 0f-ccc| Ofcc] O )acee 14 7
31-40. . 9 011 8| 1} 1| 0. 0f-aac| Of--- 21 9
41-50. . 18] 0§26|23| 6| 5| Of--.-|] 1 0|-- 50 29
51-60- - 7] 0j10( 7] 6} 6 1| 1| Of...| 1] 1 25 15
61-70.. 9 0f(20|18| 5| 5| Of.—..| 1| 1} 2| 2 37 26
71-80. 2] 0j10( 9] 3| 3| 2| 2| Of-cc|f O] 27 14
81-90_ Of.f 3 3] Ofeccc| 1| 1| Ofccec} O foet 4 4
91-100. 1] 0f Ofoccc} 1) 1| O} O faaee] O]t 2 1
Age unknown 1] 0f O0fcce] Ofecc] O jce] O e O )-et 1 0
Total 55| 0|87 |73|23 (23| 4| 4| 2| 2| 3| 3| 174 105

Calcified: In 55 cases of less than 1 trichina per gram, 0 percent in 87 cases of 1 to 10 trichinae per gram, 83
percent;*in 32 cases of 11 to 1,000 trichinae per gram, 100 percent.
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Since it is evident that increasing age increases the time factor which
operates in the production of calcification, as opposed to the factor of
intensity of infestation, the possibility that the age factor might be the
explanation for the total lack of calcification in light infestations and
for the constant presence of calcification in heavy infestations, must
be considered. From table 3 it appears that infestations with less
than 1 trichina per gram occur in all the 10 decades except the ninth,
and never show calcification; infestations with 1 to 10 trichinae per
gram occur in every decade from the third through the ninth, with 83
percent calcified, and with at least 70 percent calcified in every decade
in which they are present; infestations with 11 to 1,000 trichinae per
gram occur in all decades from the third through the tenth, with 100
percent of cases calcified. Of the 87 cases in the intermediate group,
with 1 to 10 trichinae per gram, the 14 uncalcified cases are distributed
as follows: Third decade, 2; fourth decade, 3; fifth decade, 3; sixth
decade, 3; seventh decade, 2; eighth decade, 1. Apparently calcifica-
tion can be more definitely correlated with intensity of infestation than
with age, since light cases, always found uncalcified, occur in almost all
decades, heavy cases, always found calcified, in almost all decades,
and intermediate infestations, both calcified and uncalcified, in almost
all decades, precisely the results to be expected from the operation of
an intensity factor. On the other hand, light infestations are never
calcified in any decade, or heavy infestations uncalcified in any decade,
whereas light ones should be calcified in later decades, and heavy ones
uncalcified in earlier decades, if the age factor were the determinant
for calcification regardless of intensity of infestation.

The possibility that there is a group of cases of the intensity of less
than 1 trichina per gram, with the trichinae calcified, which would
not be detected with our routine technique, is still evident, and is one
that we are investigating by a suitable technique. However, if we
assume that we shall find as many cases of this intensity that are
calcified as we have found uncalcified, the percentages from light
through intermediate to heavy infestations will be of the order of 50,
83, and 100 percent, or still of the order of increasing calcification
proportional to increasing intensity of infestation. The theory and
the data are still in line with the known findings of pathology, to the
effect that the mobilization of defense and healing processes are usually
roughly proportional to the intensity of attack on and injury to a
host organism. At this time we conclude only that our data still
sustain the theory, leaving it to further findings to establish or dis-
prove the theory.

With rather complete clinical records for all of our 174 positive
cases, we had hoped to be able to correlate our findings on intensity of
infestation with clinical symptoms. However, not one of our cases
had a clinical history of trichinosis, and this is true also for all of the
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198 positive cases recorded in incidence studies in the literature which
we have already mentioned. That some of our cases with heavy
infestations developed more or less typical clinical trichinosis can not
be doubted, and probably there was clinical trichinosis, perhaps
atypical, in those with more moderate infestations. There is a large
body of published data relating to cases of trichinosis that have
come to necropsy, but unfortunately there is almost a complete
lack of quantitative data as to the numbers of trichinae found in
specified amounts of muscle examined. The few that have come to
our attention are as follows:

Smith (4) records 9 cases of trichinosis, with 5 deaths. In one case
almost 200,000 trichinae per cubic inch were found at necropsy
(i. e., approximately 12,800 per gram).

Wislizenus (6) records 5 cases, a mother, 3 children of 8, 10, and
12 years, and a hired man. An 8-year old child died, and at necropsy
the gastrocnemius showed as many as 100 trichinae in a piece the size
of a pinhead.

Coupland (6) mentions finding many trichinae in the muscles of a
case at necropsy. In 1 grain of thigh muscle there were 180 cysts
(i. e., approximayely 2,700 per gram). He makes a rough estimate of
75,000,000 worms in the entire body.

Partridge (7) records 14 cases, with 2 deaths. The necropsies were
positive, with as many as 13 trichinae in one-tenth grain of flesh
(i. e., approximately 1,950 per gram).

Rau (8) records 4 cases in one family, with 2 deaths, those of the
mother and a 13-year old daughter. Large numbers of trichinae
were found in both at necropsy. He estimates that the daughter
had 30,000 to 100,000 trichinae per cubic inch (i. e., approximately
1,918 to 6,393 per gram), and the mother 3,000 to 26,000 trichinae
per cubic inch (i. e., approximately 192 to 1,665 per gram). The
method of estimating the number per cubic inch is not given. He
states that the deltoid muscle of the daughter was examined micro-
scopically, and was found heavily infested, showing 12 to 18, and, in
some parts, 42 trichinae to a field view. In the mother, the deltoid
showed 3 to 9, the rectus femoris 2 to 6, and the diaphragm 1 to 3
trichinae to a microscope field. The field of the microscope, using
an A eyepiece and an 8/10 objective, is specified as 0.5 mm.

Sears (9) mentions finding on biopsy 13 trichinae in the gastroc-
nemius in one field.

Bloch (10) states that, in the biopsy of a case that recovered, the
biceps showed up to 10 trichinae per low power field; in another
case (11), there were as many as 12 unencapsulated trichinae in a
piece of muscle about 2 mm square examined with low power.



April 20, 1938 668

Chandler (12), as noted by Hall and Collins (), reports a fatal
case in which the number present was “even greater” than a little
over 900 trichinae per gram.

These data are too incomplete and unsatisfactory to permit of
statistical treatment leading to any valid conclusions. Even if we
had more specific data covering the numbers of trichinae in muscles,
our conclusions necessarily would have to be conditioned by a num-
ber of variable factors. It is clear that any single figure, based on
intensity of infestation in any one set of muscles, has only limited
application, and in the cases cited different muscles are involved.
It is also clear that there must be a fairly wide range in the tolerance
of different individuals to infestations with trichinae. However, by
disregarding these considerations and reducing the above estimates
wherever possible to number of trichinae per gram of muscle, it
would appear that in the fatal cases there have been from approxi-
mately 1,000 larvae per gram of muscle (12) or 192 to 1,665 per gram
(8), up to 12,800 per gram (4). Our own results indicate that an
infestation with nearly 1,000 larvae per gram may not be fatal.

It is unsafe to draw conclusions from so few data, especially with
so many variables in muscles involved, resistance of patient, the
possibility that some cases represent repeated infections rather than
1 infection, and other factors, but the possibility that 1,000 larvae
per gram of diaphragm might be near the upper limit of infestations
which can be survived is tentatively suggested for consideration as
relevant data become available in the future. This suggestion is
based on our findings of 2 cases surviving infestations with almost
1,000 per gram and the above data on fatal cases showing from
approximately 1,000 per gram (I12), less than 2,000 per gram (8),
less than 3,000 per gram (6), less than 7,000 per gram (8), and over
12,000 per gram (4). On these meager data we initiate a search for
some approximate upper limit of infestation that may be survived,
and for the lower limit of infestation which is always, or almost
always, fatal. Tentatively, and as a basis for more critical considera-
tion of the subject in the future, we suggest the following designations
for our groupings in table 2: Less than 1 trichina per gram of dia-
phragm muscle, ‘‘very light;”’ 1 to 10, “light;”’ 11 to 50, ‘“‘very moder-
ate;” 51 to 100, “moderate;’ 101 to 500, ‘“heavy;’ 501 to 1,000,
“severe;”’ and over 1,000, “critical.” It is not intended to mean
that 1 trichina more or less shifts a case from one bracket to another,
but to outline tangibly groups that may be used as a basis for further
study, and to invite attention to the possible clinical implications of
the quantitative data.
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INCIDENCE IN INSTITUTIONALIZED MENTALLY DERANGED PATIENTS

Slightly more than a fifth of our diaphragms (205) came from St.
Elizabeths Hospital in Washington. The patients of this hospital
are all mental cases, and the period of hospitalization is commonly
much longer than in the other hospitals from which we received
material. In addition, there is available a considerable body of
data regarding the patients. The results we have obtained from these
cases appear to be significant in several respects. We shall con-
sider here only their bearing on the incidence of trichinae in the
population as a whole and, incidentally, on the longevity of the worms.

Of the 205 cases, 27, or 13.2 percent, were positive. This is lower
than the 17.4 percent found for the entire series. The patients appear
to represent, proportionally, the same racial and economic groups as
the remainder of the series.

The data regarding length of hospitalization as correlated with
incidence may be summarized as follows:

Length of hospitalization_ Less than 1tos Over 5§

1 year years years
Total number of cases examined 59 66 80
Percentage positive for trichinae. 16.9 13.6 10.0

Although the numbers are too small to be statistically significant,
the consistency of the drop in the percentage of positive cases as the
length of hospitalization increases, 16.9, 13.6, and 10.0, suggests that
there is reality in the relationship to the time in the hospital,and that
the low incidence in patients hospitalized for more than 5 years may
be correlated with hospitalization under conditions limiting the con-
sumption of pork to pork which is adequately cooked. Moreover,
the incidence in patients hospitalized for less than one year is close to
that found for the series as a whole, suggesting strongly that the
mental condition of the patients is of little or no significance as regards
any low incidence. Insanity is usually associated with increased
parasitism. .

The inclusion of hospitalized mentally deranged, to the extent o
over 20 percent of our cases, overloads our sample far beyond the
proportion in which this group is present in the general population.
The removal of this low-incidence group from our total results in
showing an incidence of 18.6 percent for our group of persons not
hospitalized for mental conditions. However, a true incidence figure
would cover these hospitalized cases in their proportion to the total
population, and our general incidence for 1,000 cases could evidently
be shifted by increasing or decreasing its content of high- or low-
incidence groups. As it stands, this low-incidence group is more or
less balanced by some high-incidence groups.



April 29, 1938 670

The distribution of the 27 positive cases according to the nature of
the infestations, whether with live, mixed, or dead trichinae, yields
also data bearing on the subject of longevity of trichinae. Using the
same time groupings as above, we have the following:

Length of hospitalization Less than 1tod Over 5 | Totals for
1 year years years all cases
Live infestations. 3 3 0 6
Mixed infestations. . 2 3 2 7
infestati 5 3 6 14

Infestations with live trichinae only are present in patients with
relatively short periods of hospitalization; and, although there are 6
such cases in those hospitalized up to 5 years, there are no such cases
after 5 years. A similar finding is obtained when the average hospi-
talization of patients with the 3 types of infestation is considered, the
data showing the following:

Average hospitalization, with live infestations: 1 year, 10 months. Average
hospitalization, with mixed infestations: 4 years, 11 months. Average hospital-
ization, with dead infestations: 7 years, 6 months.

Although the number of our positive cases is still too small to
warrant any positive conclusions, some further speculations on lon-
gevity of the organism are suggested by our data in connection with the
fact that the chance of infection during the period of hospitalization
is very slight. Although infestations with only live trichinae present
in the diaphragm occur in our series only during the first 5 years of
hospitalization, live worms are present in mixed infestations with live
and dead trichinae for a longer period. Of the two such cases in our
series, one is in a patient hospitalized for 7 years, and the other in a
patient hospitalized for 19 years and with 6 trichinae per gram. As
this latter-case appears to indicate that trichinae may survive for
19 years, the possibility of infection from outside sources during the
period of hospitalization was investigated for this case. Dr. S. A.
Silk, clinical director of the hospital, was kind enough to check the
records for this patient, and he has written us as follows:

“This patient during his entire residence here was restricted to a
ward, never having had ground parole, nor was he ever away from the
institution on visits. At various times he performed light work in the
dairy and other hospital establishments, but it is unlikely that he ate
any food other than that furnished by the institution, since he had
no funds to his credit here which he could have used for the purchase
of any luxuries; nor did any relatives or friends ever visit him here.
As he always worked under supervision he could not have wandered
away from the hospital for even a few minutes.”

‘This case may be interpreted in at least two possible ways, as
follows: (1) It represents an infestation acquired before entering hos-
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pital, and correctly indicates that trichinae may live for at least 19
years; or (2) it represents an infestation acquired before entering hos-
pital and still present as dead trichinae, plus & superimposed second
infestation acquired since entering hospital and still present as live
trichinae, and hence throws no light on the matter of longevity. It
might be urged against the first interpretation that it runs somewhat
counter to our other findings to the effect that the rapidity with which
trichinae die and calcify is somewhat proportional to the degree of
infestation, and that even with what we have termed a “light” infes-
tation of this order we might expect death and calcification of trichinae
to occur in less than 19 years; on the other hand, death and calcifica-
tion are conditioned, in part, by such factors as food, calcium, vita-
mins, and tissue reactions, quite aside from a simple time factor, and
this patient may have had unusual conditions in these respects. It
might be urged against the second interpretation that it presupposes
a flaw in the cooking of pork at the hospital or in the matter of the
patient’s access to food not cooked at the hospital, which seems un-
likely ; on the other hand, individual failures in the preparation of food,
and improbable conduct and achievements on the part of insane
patients, cannot be ruled out entirely. A longevity of 19 years for
trichinae is in line with much that we find in the literature, but the
evidence for such longevity, so far as we have seen it, is definitely
unconvineing; it is based on such things as the finding of live trichinae
at necropsy, with a history of clinical trichinosis many years pre-
viously, in a patient whose food habits were unsupervised and who
was known to have eaten raw or undercooked pork in acquiring trich-
inosis, and such findings do not eliminate the possibility of later super-
imposed infections. As an isolated observation, our case is presented
as a matter of record, with no selection of the alternative interpreta-
tions at this time. -
SUMMARY

In the examination of diaphragms of 1,000 necropsy cases, 174
were found infested with trichinae, an incidence of 17.4 percent.

A preliminary report on the first 300 of our series of 1,000 dia-
phragms was made by Hall and Collins (). The present study is
based on the total of the 300 diaphragms reported by Hall and Collins
and 700 additional diaphragms examined by the present authors.
~ Of the 1,000 cases, 824 cases, with 137 positive for trichinae, were
from 10 hospitals in Washington, D. C.; 110 cases, with 24 positive
for trichinae, were from the United States Marine Hospital, Balti-
more, Md.; 66 cases, with 13 positive for trichinae, were from the
United States naval hospitals at Philadelphia, Pa., Chelsea, Mass.,
Brooklyn, N. Y., and Portsmouth, Va.
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Both the direct microscopic method and the digestion-Baermann
method were used in the examinations of the diaphragms, and the
results are recorded in number of trichinae per gram of muscle. Of
174 positive cases, there were 80 cases with dead trichinae only, 60
cases with live trichinae only, and 34 cases with both live and dead
trichinae. Light infestations, up to 10 trichinae per gram, predomi-
nated over heavier infestations, the largest group, 50 percent of the
total, being in the range from 1 to 10 trichinae per gram, and the next
largest, 31.6 percent of the total being in the range of less than 1 per
gram. Infestations with over 10 per gram made up 18.4 percent of
the total positive cases.

The theory that the rapidity of the death and calcification of trichi-
nae is more or less proportional to the intensity of infestation is still
sustained by our data, without yet being conclusively established.

The incidence of trichinae in the mentally deranged shows that the
incidence in patients hospitalized for less than 1 year is close to that
found for the total series of 1,000 cases, and as length of hospitaliza-
tion increases, the percentage of positive cases decreases. Appar-
ently the mental condition of the patients is of little significance as
regards a low incidence with trichinae, and apparently the average
incidence is below that of our series of 1,000 cases because of the long
periods of hospitalization with food properly cooked, thereby shorten-
ing the period of exposure to trichinae and diminishing the chance of
infection.

The findings from the present study provide confirmation of the
findings in the earlier study of Hall and Collins (Z). The higher
incidence obtained is probably more accurate for the groups involved,
as it rests on a much broader statistical basis; but any incidence
obtained would vary more or less with an increase or decrease in the
size of population groups of relatively high or relatively low incidence
in our total sample. The general incidence for the United States
will have to be ascertained in other ways, and we are carrying out a
study that will give more precise information, but the known facts
clearly indicate that the problem of trichinosis and its control is one
of national concern.
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DEATHS DURING WEEK ENDED APRIL 9, 1938

[From the Weekly Health Index, issued by the Bureau of the Census, Department of Commerce]

Week ended | Correspond-
Apr. 9, 1938 | ing weck, 1937

Da tafromsolargecitiesintheUnlted States:

Total deaths____._____ PO 8,518 9,381
Average fo: 3 prior years. 9,098 | ocoooooo-..
Total deaths, nrst 14 weeks of year. 124,328 142,237
Deaths under 1 ofage___ 511 601
Average for 3 prior years...... 612 |
Deaths under 1 year of age, first 14 weeks of year_ .o ... 7,583 8,777
insurance companies:
Policies in tores ...................... 69, 667. 038 69, 637, €01

Number of death claims_ .2 11T TTTTTTTTIITTI T 13, 403
Death claims per 1,000 policies in force, annual rate______________ - .
Death claims per 1,000 policies, first 14 weeks of year, annual rate..__.._. 10.1 1.5
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knowledge of when, where,
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UNITED STATES

CURRENT WEEKLY STATE REPORTS
hese reports are preliminary, and the ﬂgures are subject to change when later returns are received by

the State health officers.

In these and the tollowing tables a zero (0) is to be interpreted to mean that no cases or deaths occurred,

while leaders (..____ ) indicate that cases or deaths may have occurred, alt!

hough none was reported.

Cases of certain communicable diseases reported by telegraph by State health officers

for weeks ended Apr. 16, 1938, and Apr. 17, 1937
Diphtheria Influenza Measles Meningococcus
P’ meningitis
Division and State Week | Week | Week | Week | Week | Week | Week | Week
ended | ended | ended | ended | ended | ended | ended | ended
Apr. 16, |Apr. 17, [Apr. 16, |Apr. 17, |Apr. 16, [Apr. 17, [Apr. 16, |[Apr. 17,
1938 1937 1938 1937 1938 1937 1938 1937
New England States:
Main 2 0 19 10 114 9 0 0
New Hampshu'e ................. 0 0 18 73 0 0
Vermont ........................ 0 3 67 1 0 0
M 6 2 317 714 2 9
Rhode Island 0 2 1 211 1] 1
..................... 5 1 4 9 46 517 [} 0
Middle Atlan tic States:
New York. 34 45 15 1231 3,769 | 1,073 10 16
New Jersey o cccooooocacaa 156 14 1 5 977 | 2,582 2 ]
Pennsylvania. 33 33 5,932 737 7 15
East North Central States:
Ohio. 12 21 147 | 2,904 900 8 14
Indiana.__ 15 9 5 24 | 1,000 203 0 ]
linois - 23 80 23 33| 3,412 209 3 8
Michlgan L N 7 11 2 7] 4,027 84 4 4
Wisconsin... oo 7 3 29 60| 2521 4 0 1
West North Central States:
Minnesota. 2 8 1 121 20 1 1
Iowa.. 2 10 2 196 9 2 0
L1 o S 16 20 48 103 m 31 0 1
North Dakota_...___o oo 0 0 13 2| 42 0 1
South Dakota 1 1 1 1
Nebraska. 0 1 100 70 1 1}
Kansas 8 3 18 [] 662 42 1 0
South Atlantic States:
Dela 2 2 31 60 0 0
11 7 b 15 56 737 1 4
2 4 2 19 o4 1 3
1 10 835 A68 4 19
7 17 28 51 507 53 6 9
1 19 7 77| 2,582 48 3 2
3 2 181 429 253 4 0 0
€0l [] 9 247 305 1 4
Florida. 4 9 2 364 3 18
8ee footnotes at end of table.
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Jor weeks ended Apr. 16, 1988, and Apr. 17, 1987—Continued

ted by telegraph by State health officers

Me!

Diphtheria | Influenza Measles o mfocnerus

Division and State Week | Week | Week | Week | Week | Week | Woek | Weck

ended | en: ended | ended | ended | ended | ended | ended

Apr. 16, [Apr.17, |Apr. 16, |Apr. 17, |Apr. 16, |Apr. 17, [Apr. 16, |Apr. 17,

1938 1 1938 1937 1938 1937
ut South Central States:
Kontucky. coeeeeeececcaacaeae 16 5 12 34 526 315 ] 13
[] 6] . 41 154 309 18 1 2
Alabamad . ... ooooneaaaaaaaae. 10 1n 80 365 683 1 3 15
Mississippls. .. ._........... .ae [} [ 2 1
West Sonth tral States:

Arkansas 11 1 069 82 205 0 1
Louisiana. - ooooo o aeeeaaaeee [ 13 7 26 15 7 0 2
Oklahoma 6. oeeeaeeaaae] 7 8 127 1383 146 61 0 3
Texas 83 42 858 763 85| 1011 1 6

Mountain States:
Montana. 1 3 7 16 0 1
Idaho. 1 3 7 88 16 24 0 2
W, 0 0 46 2 0 0
0. 9 10 435 7 0 1
New Mexi00eeeeaeeaaeacaaacanae 4 1 4 1 100 80 0 1
Arizona 2 1 53 30 40 1868 0 1
Utah *. 6 0 374 23 1 0
Pacific States:
Wi )« T, 4 [ 1 PO 1 18 54 0 1
3 0 85 39 43 7 0 0
30 16 40 258 541 214 1 1
398 419 | 1,257 | 3,201 | 36,126 | 11,430 69 192
First 15 weeks of year......ceceeeeeee 8,547 | 7,637 | 37,297 262,793 [488,032 [104,153 | 1,295 | 2,530
Typhoid and |Whoop-
Poliomyelitis | Scarlet fever Smallpox paratyphoid ing
fever cough
Division and State
Week | Week | Week | Week | Week | Week | Week | Week | Week
ended | ended | ended | ended | ended | ended | ended | ended | ended
Apr. 16,|Apr. 17,(Apr. 16,|Apr. 17,|Apr. 16,|Apr. 17,|Apr. 16.|Apr. 17,|Apr. 16,
1 1937 1938 1937 1938 1937 1938 1937 1938
0 1 15 25 0 0 3 1 57
0 0 7 14 0 0 0 0 6
0 0 13 9 0 1 0 0 8
0 0 428 308 0 0 0 1 86
0 0 18 56 0 0 0 0 0
[} 0 133 177 0 0 0 0 46
0 3| 1,065] 1,034 0 1 5 8 418
0 0 100 214 |. 0 0 1 2 83
0 1 65| 1,077 0 0 7 8 303
0 1 389 419 13 2 0 7 235
0 0 17 218 61 14 3 1 28
2 1 565 835 33 60 4 4 96
0 2 481 720 13 13 1 6 253
1 0 164 289 7 12 1 4 192
0 2 113 163 12 13 0 0 27
1 0 204 287 46 48 2 3 27
0 0 178 478 23 47 3 3 2
0 1} 17 16 16 13 0 0 21
0 0 10 63 9 2 0 1 16
0 0 36 62 3 8 1 1 4
0 1 153 401 45 37 1 0 92
Delaware. [] [] 12 11 0 0 0 1 12
Maryland 2 _______._..__ 0 0 63 50 0 0 1 0 4
District of Columbia____ 0 1 26 21 0 0 2 2 7
Virginia_ . ... [} 0 41 19 0 0 2 2 122

See footnotes at end of table.
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Cases of certain communicable diseases reported by telegraph by State health officers
Jor weeks ended Apr. 18, 1938, and Apr. 17, 1937—Continued

Typhold and |Whoop-
Poliomyelitis Scarlet fever Smallpox paratyphoid ing
fever cough
Division and State
Week | Week | Week | Week | Week | Week | Week | Week | Week
ended | ended | ended | ended | ended | ended | ended | ended | ended
Apr. 16,|Apr. 17,|Apr. 16,/ Apr. 17,|Apr. 16,/ Apr. 17,|Apr. 16,/ Apr. 17,/ Apr. 16,
1938 1937 1838 1937 1938 1937 1938 1937 1938
South Atlantic States—-—Con
West Virginia____... 0 3 24 56 0 0 1 4 65
North Carolina 0 0 33. 28 1 0 2 8 415
South Carolina_ 0 1 6 3 ] 0 0 4 55
QGeorziad_________ 0 0 8 6 1 0 3 3 78
Florida_..____....._.._. 0 0 (] 15 4 0 3 5 2
East South Central States:
Kentucky 0 1 45 57 16 2 2 4 47
Tennesses. 2 1 24 25 2 0 2 [ 36
1 1 15 7 0 0 0 2 60
1 2 1 7 1 0 5 [ 3] [——
1 0 3 3 4 ] 7 0 25
1 0 [ 12 0 0 [} 13 9
1 0 19 83 17 7 1 1 90
1 2 118 208 32 1 7 15 33
0 0 18 39 10 9 0 1 37
0 0 8 21 21 7 0 1 18
0 0 7 14 2 4 0 0 6
0 0 43 33 [ 15 1 0 35
0 0 14 29 0 0 0 1 20
0 0 11 16 2 0 1 0 69
h 2 0 0 40 18 (] 0 [} 0 27
Pacmc States
Washmgton---_-------- 0 0 3 13 2 (] 0 2 128
Oregon8____ 0 1 563 35 20 15 0 1 11
California___coaoeoe_—o__ 2 4 181 213 85 18 5 4 446
Total oo eeeeaeee 4 29| 569 | 7,859 532 385 83 130 | 4,192
First 15 weeks of year. 307 323 | 90,774 |103,233 | 8,171 | 4,608 | 1,777 | 1,644 | 62,360
1 New York City only.

? Period ended earlier than Saturday.
$ Typbus fever, week ended Apr. 16, 1938, 7 cases as lollows Georgia, 5; Alabama, 2.
¢ Figures for 1937 are exclusive of Oklahoma City and Tulsa.

Rocky Mountain spotted fever, week ended Apr. 16, 1938, Oregon, 1 case.

SUMMARY OF MONTHLY REPORTS FROM STATES

The following snmmary of cases reported monthly by States is published weekly and covers only those
States from which reports are received during the current week.

Menin-
#000C- | Diph- | Infiu- [ Mals- [ Mea- | Pel. [ PONO- | gcarier | sman- [ T7-
State cus Dt mye- phofd
menin-| theria | enza ria sles lagra litis | fever | pox fover
gitis
March 1938
31 49 659 59 | 4,367 19 4 54 4 12
6 36 555 107 | 1,423 31 2 34 31 19
2 58 169 2,922 1 274 39 6
0 3 39 6 2 87 48 8
8 135 74 4,245 2 173 ]
6 17 43 678 2| 1,14 171 4
0 17 28 879 0 0 []
9 17 1, 258 0] 1,712 0 3
5 49 b 1] 22151 2 53 2
1 10 16 2 481 2 716 93 6
7 78 393 38| 4,045 0 924 205 13
3 60 97 1| 5,745 1 672 0 8
0 26 32 423 5 0 103 1 []
0 4 678 ] 80 0 0
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Summary of monthly reports from States—Continued

March 1538 G March 1938—Contlnuodc March 1938—Continuedc
ases ases ases
Chickenpox:
Alabama. 245 6
64 1
382 1
70
389 10
455 2
282 1
943 2
2,726 59
862 1
340
600 5
178 4
165 3
1 s
n !
Dengue:
Ala 1 1
Dysentery: 3
Arkansas (bacil 1
Colorado (amoebic) 2 1
M;cgigm amoebic) g 13
chigan Puerperal septicemia: | Iowa._.__
Minnesota (bacillary).. 1] New Meriom 1] Maine_________ 2
............... 5 New Mexico............ 1 Massachusetts. 4
NewlJersey (amoebic). . 1 a5 Mgchigan ...... 22
Encephalit| innesota. ..
llle thl;n'g ic:!s, epidemic or b New Jersey 5
b 1 51 New Mexico. 1
1 8|  Vermont..._...._...__ 3
1 4 | Vincent’s infection:
2 9 daho_ .. . eeee... 2
n 20 Maine.___. 12
3 3 Wh Michigan 5 13
i 00pin; :
Rocky~ Mountain spotted Alghfmoguz 127
40| fever: Arkansas 144
4 Colorado__...._cce_... 1 Colorado' 90
8 | Septic sore throat: Idaho. . 78
;g Arkansas. 1 Indiana. 94
305 Colorado__ ... 15 Towa_______ 115
121 Idaho.... 19 Maine_______ 246
1 Towa___________ 18 Massachusctts._ - 572
2 Massachusetts._ 28 Michigan. ... 1,067
Michigan___.__ 3 Minnesota._ 140
Hookworm disease: innesota. - - 14 issourl. .. 197
Arkansas, 1 Missouri_ ... 53 New Jersey - _ 818
Jaundice, infectious: New Jersey. - 27 New Mexico- 199
Michigan._________._._ 1 New Mexico.....___._. 12 Vermont.___.___.__..._ 123

CASES OF VENEREAL DISEASES REPORTED FOR FEBRUARY 1938

These repcrts are published monthly for the information of health officers in order to furnish current
data as to the 1?l-!svtuouee of the venereal diseases. The figures are taken from reports received from State
of

and city health officers. They are preliminary and are therefore subject to correction. It is hoped that
the publication of these reports will stimulate more complete reporting of these diseases.
Reports from States
8Syphilis Gonorrhea
Casesre- | Monthly | Casesre- | Monthly
B | o | Bt |
per 10, per 10,
mon! population| month | population
Alabama. . 1,790 6.18 287 0.99
Arizona !
Arkansas. 958 4.68 325 1.59
California. 1,755 2.85 1,185 1.63
Celorado. - 23 .21 14 .13
Connecticut. 104 112 97 .56
Delaware. 289 11.07 46 1.76
District of Columbia.. 222 3.54 144 2.30
Florida 3 2,189 13.11 285 17
2,104 6.82 347 112
Idsho. 42 .86 31 .63
Iliinois. 1,757 2.2 1,041 182
See footriotes at end of table.

49786°—38——3
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Reports from States—Continued
Syphilis Gonorrbea
Casesre- | Monthly [ Casesre- | Monthly
soﬁad case rates swud ORS® rates
uﬂ.g per 10,000 urtg per 10,000
mon! population|{ mon Po] ion
Indiana. 357 1.03 118 0.34
Jowa._.._.. 280 1.10 253 .99
Kansas___ 0 1.23 102 .85
Kentucky. . 778 2.66 842 117
Louisiana. 636 298 88 .41
Maine 61 .7 40 .47
Maryland . 977 5.82 29 142
Massachusetts 461 1.04 45 101
Michigan 1,200 267 508 L2
Minnesota. 263 .99 190 .72
Mississippi 2,266 11.2 2,47 1210
573 1.4 121 .30
Montansa 3. 70 1.30 13 4
Nebraska. 67 .49 86 .63
Nevada. 28 2.57 2 .02
New Hampshire 40 .78 40 .78
New Jersey. 891 2.05 266 .61
New Mexico. 115 2.73 26 .62
New York 8, 507 2.78 1,793 1.38
North Carolina. 3,803 1.09 583 1.67
North Dakota 37 .52 31 .4
Ohijo. 1,484 2.2 419 .62
Okhhomn 429 L68 287 1.13
Pe ni'v&nlat 1,608 1% 57 L3
nnsy] 5 . .
Rhode Islan 106 1.54 37 54
South leina 1
8outh Dakot: 38 .85 21 .30
Tennessee. 1,199 4.14 422 1.46
‘Texas !
Utah_ 27 .52 30 .58
Vermont. 10 .26 17 .44
Virginh--_ 1,055 3.90 1.20
- 321 1.04 240 1.45
West Vlrginia ? 452 2.42 145 .78
Wisconsin. . 41 .14 161 .55
‘Wyoming ¢ 12 .51 3 .13
Total 35, 002 2.90 14,176 117
Reports from cities of 200,000 population or over
Ohio 1
Atlanta, Ga_ 355 12.37 130 4.53
Baltimore, Md 855 6.73 14 175
irmingham, Ala, 247 875 62 22
Boston, Mass 166 2.10 166 2.10
Buffalo, N. Y 101 3 63 1.08
hicago, Il 71 2.72 712 2.00
Cincinnati, Ohio t
Cleveland, Ohio ! :
lumbus, 20 2.94 24 .79
Tex. 349 12.05 72 2.49
Dayton, Ohio 63 3.00 16 .76
Denver, Colo 8 .27 3 .10
etroit, M 501 3.41 278 161
Houston, Tex.b 174 520 55 | 164
lndhng)o Ind % .64 35 .
Jersey City, N.J 1n .34 [+ J} I,
City, Mo_ 108 2.82 ~ 8 .19
A:HI:]“, C: - 618 4.32 381 2.66
, Ky 308 12.28 123 8.80
Memphis, Tenn. - 13.37 58 210
Milwaukee, Wis.¢
Minneapolis, Minn - 87 1.7 87 117
Newark, N. J 342 7.38 148 319
Now Yoo 2t & 2|  s1| L 18
ew York, N.
d, Calif_.. 32 106 ] 2

8ee footnotes at end of table.
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Reports from cities of 200,000 population or over—Continued

29, 1938

Syphilis Gonorrhea

Case re- Monthly | Casesre- | Monthly

rted case rates ported case rates

uring per 10,000 during per 10,000

month | population| month | population
Omaha, Nebr. 29 1.32 15 0.68
Philadelphia, Pa. 473 2.38 | ceeeooeeo- mmemm———eee
Pittsburgh, Pa. 205 3.00 26 .38
Portland, Oreg 55 176 73 2.33
Providence, R. I 56 2.18 20 .77
Rochester, N. Y 43 1.28 39 1.16
St. Louis, Mo. 253 3.03 98 117
8t. Paul, Minn. 20 .7 15 .53
San Antonio, Tex 117 4.65 66 2.63
San Franeisco, Calif. 148 2.21 152 2.27
Seattle, Wash 175 4.61 155 4.08
Syracuse, N. Y_ 67 2.62 37 1.70
Toledo, Ohio ! - e -
n, 4 222 3.54 14 2.30

1 No report for current month.

1 Incomplete.

3 Only cases of syphilis in the infectious stage are re
¢ From r::gott submitted to med

$ Repol by Jeflerson Davis Hospital.

¢ No report dur t year.

7 Reported by hygiene clinic.

showing a cross section of the current urban incidence of the communicable diseases

ported.
ical director of epidemiological studies.

WEEKLY REPORTS FROM CITIES

City reports for week ended Apr. 9, 1938 «
This table summarizes the reports received weekly from a selected list of 140 cities for the purpcse of

listed in the table.

Dipp.| Influenza | neq. | Preu- SP2F | Small-|Tuber.| T3 WHoor-| peaths,
Stateand city | theria sles | monia| (oc, [ Pox |culosis| b0 cough all
cases | ogses| Deaths | 2568 deaths| . oo | cases deaths| ooces | cases | CBUSES
Datg-brw e 188 | 37 92| 7,311 846 | 2,582 26 4156 p<}
year average. .
Current week !.| 123 89 30 ll: 595 625 | 1,966 2 393 18

0 0 11 1 0 0 0 1 10 21

0 0 0 2 3 0 0 0 0 8

(1 ) P 0 0 4 5 0 0 0 0 20

0 0 0 1 0 0 0 0 [} 7

0 0 0 0 0 0 1 0 0 2

0 0 4 0 0 0 0 0 (1] 10

0 (1] 0 2 0 V] (1} 0 0 10

0 1 216 20 131 0 10 0 25 206

0 0 2 1 1 0 2 0 4 23

0 0 7 0 9 0 2 0 [] 46

0 (1] 2 7 25 (1} 2 0 6 51

0 0 1 0 1] 0 0 0 0 16

0 0 0 11 19 0 2 0 19 65

0 0 0 1 18 0 0 0 0 36

0 0 3 3 23 0 3 1 0 48

0 1 0 3 1 3 ) 4 0 13 k)

0 1 7 16 74 0 7 [1] 143

31 13 311,99 150 47 0 87 3 218 1, 552

0 0 3 7 16 1] 4 1 4 3

1 [} 32 2 11 0 1 0 0 34

1 Figures for Springfield, Illinois, estimated; report not received.
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City reports for week ended Apr. 9, 1988—Continued
theris
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11
0

State and city

April 2, 198

Oolumbus.
Toledo

eld

Moline.
8]
Detroit...._..

Flint
Rapids.
pids..
ii?;iIIZ
rioo._____
o
rand Forks._..

6]&01:_
T —

i

Indiana:
Fort
South

llinots:

M

Obio:
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City reports for week ended Apr. 9, 1938—Continued

Diph.| Influenza | ypo, | proy. Bf:{' Small-| Tuber- p’g'i-d W}::op- Deaths,
Stateand city | theria sles |monia| o | pox |culosis| 10X U8, | all
08368 | (onoe! Deaths | €3599 | deaths| oict | cases [deaths| Vo | SOUEN | causes
0 ] 8 2 0 0 0 0 23
1 3 3 0 0 (1] PO,
0 0 24 2 1 0 1 0 14 22
0 74 1 0 0 L3 PO
0 0 118 0 0 0 0 0 25 12
0 0 196 2 1 0. 0 0 23 12
0 0 9 0 (1} 0 2 0 37 11
0 8 0 16 3 1 0 1 0 0 17
0 0 11 0 0 0 0 0 0 8
1 1 1 0 0 0 0 0 4 7
0 ] 0 27 9 3 0 [] 0 ] 88
0 0 16 0 0 0 0 0 0 5
0 3 2 38 2 0 0 4 [} 0 29
3 1 1 80 8 0 0 ] 0 1] 47
4 1 1 17 1 2 ] 2 0 0 20
1 0 2 1 0 0 0 0 3 4
0 0 1} 2 0 0 0 0 0 11
0 0 3 1 0 0 2 0 0 18
9 2 0 408 8 57 (1} 1 0 12 72
1 0 26 3 2 0 2 1 4 29
2 1 57 4 2 0 3 1 2 66
0 1 66 4 6 0 0 0 4 52
B 0 b 0 121 4 3 0 4 0 0 69
lm 0 0 9 3 0 0 1 (1] 0 22
Montgomery... 2 81 0 0 0 2 PR
mith_____ 1 3 1 0 1 ) B U,
thtlo Rock.. . (1} 0 14 ] 0 0 0 5 7
jana:
0 0 [1] 1 0 0 0 1} 0 5
3 6 4 3 12 2 0 12 4 18 179
1] 0 1 ] 0 0 3 0 0 42
0 2 2 2 2 0 0 0 0 33
1 92 2 6 0 L& I
1 1 1 7 4 9 0 4 0 8 60
0 0 2 4 4 1 3 0 3 46
1 0 0 1 0 0 0 0 0 8
4 1 0 0 7 5 0 11 0 0 64
0 1 0 6 0 0 7 0 1 63
Billings 0 0 0 1 2 0 0 0 4 9
Great Falls_____ 0 0 2 2 3 0 0 0 12 8
Helena. 0 0 0 0 2 0 1} 0 2 1
Missoula. ...... 0 1 1 0 1 0 0 0 0 0 6
0:
Boise. 1] 0 0 1 1 2 1 0 0 (]
Colorado:
Colorado
8prings. 0 0 1 2 0 0 1 0 1 16
Denver. 4 0 226 9 12 0 7 0 4 90
Pueblo. 0 0 0 1 1 0 0 0 4 7
New Mexico
Albuquerque... 0 0 3 3 2 0 1 0 1 12
Salt Lake City. (1Y) I o] 181 1] 10 2 1 0 8
0 1 0 4 3 1 [} 0 59 92
0 2 2 2 3 1 0 1 0 17 35
(1] PR 0 (1} 1 4 1 1 0 7 4
1 1 0 19 7 20 0 1 1 3 76
| 0 1 0 0 (1} 0 [ [,
Los Angelu- - 14 13 1 32 21 53 0 16 1 M 363
Sacramento. ... [ ) PR, 0 13 0 4 0 2 0 50 31
San Francisco. . 0 2 0 1 10 7 [)] 7 0 63 177
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Ciity reports for week ended Apr. 9, 1988—Continued

Y et

Mo | Potio- Palio-
3 m State and cf mye-
tate and city A te and city litls
Oases |Deaths| Cases Cases | Deaths
Michigan:

3 0 o Del:gh .......... . 1 (]
% g 2 M.inlthmm._......... 1 0
) 0 o %ehmond.-----._.-. 1 1
. Mhml...--..----_-_ 1 0
2 3 0 || Alabama:
[} 0 1 Blrmlpgham..---.... 3 2
1 0 0 New Orleans_..____.. 1 0
Shreveport._....... - 0 3
2 [ 0 || California:
Los Angeles....._... 1 1

© o~ © © © ©o ©

Encephalitis, epidemic or lethargic.—Cases: New York, 8; Kansas City, Mo.,
.—Cases: Baltlmom.‘;"Wsshmgton, 1; Atlanta, 3. s;vmnah,"z' Montgomory. 1.
Typhus fever.~Cases: Atlanta, 1: Tampa, 1: Mobile, 1; ﬁontzomuy. 1.



FOREIGN AND INSULAR

CUBA

Habana—Communicable diseases—i weeks ended April 9, 1938.—
During the 4 weeks ended April 9, 1938, certain communicable dis-
eases were reported in Habana, Cuba, as follows:

Disease Cases Deaths Disease Cases | Deaths
4 3 || Scarlet fever. _o_ccoococaeeooo. kY P,
1 Tuberculosis. .. 11 3
118 |ocmeeeeee Typboid fever....oeeaeeea- 183 11

1 Includes imported cases.

CZECHOSLOVAKIA

Communicable diseases—January 1938.—During the month of
January 1938, certain communicable diseases were reported in
Czechoslovakia as follows:

Disease Cases Deaths Disease Cases | Deaths

Anthrax 1 7 2
Cerebrospinal meningitis. ... 35 11 6 1
Chickenpox. _ooococooooooo. 312 1 25 9
Diphtheria 3,003 154 1,827 18
Dysentery.cceoocoeomaaacaaas 16 1 -, 3 [E——

1,455 3 2 |eccoeeeee
Lethargic encephalitis_.._..__ 4(2) 2 397 3

) o 1 SOOI I | B R,

IRISH FREE STATE

Vital statistics—Fourth quarter ended December 31, 1937.—The
following vital statistics for the Irish Free State for the quarter ended
December 31, 1937, are taken from the Quarterly Return of Marriages,
Births, and Deaths, issued by the Registrar General, and are pro-
visional:

Rate per Rate per
Number | 1,060 pop- Number | 1, D-
ulation ulation
Marriages. -ccocecccacaamaaaas 3, 620 4.9 Deaths from—Continued.
12, 868 17.5
9, 920 13.5
Deaths under 1 year of age__.. 889 169
Deaths from—
Cancer... ... 910 1.24 Tuberculosis (all forms). .
Diarrhea and enteritis Typhold fever. -
_ (under 2 years) 143 ‘Whooping cough.........
Diphtheria 79 :
1 Per 1.000 births.

(683)
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684

Vital statistics—Year 1937.—The following vital statistics for the
Irish Free State for the year 1937 are taken from the Quarterly Return
of Marriages, Births, and Deaths, issued by the Registrar General,
and are provisional:

Rate ( Rate
Number | 1,000 Ll l Number | 1,000 ﬁ-
ulation
14, 896 8.1 || Deaths from—Continued.
56, 564 19.2 Influenza... .....ceecamaans 2,008 0.92
Deaths under 1 f 42'.&3 52 %anu'penl peis T T
er ol 80D8I8. e caeeee .

Deaths rmm year of age-- Scarlet fever. 127

(o770 S 3,558 121 ‘Tuberculosis (all forms). _ 3,582 1.22
Dianheo and enteritis Typhoid fever 65
(under 2 years) 601 T, fover. 4
Diphtheria. 289 ping cough 276

1 Per 1,000 births.

VIRGIN ISLANDS

Notifiable diseases—January-March 1938.—During the months of
January, February, and March 1938, cases of certain notifiable

diseases were reported in the Virgin Islands as follows:

Janu- | Febru- Janu- | Febru-

Disease ary ary March Disease ary ary March
Chickenpox........cceeeooo ) B FO 20 || Pellagra._. 2 1
Filariasis._ __ 1 || Pneumonia, broncho. 2 1
Gonorrhea.______........ 5 6 6 || Sprue. 1
Il?ookvlv]orm di ulsl%ase ....... f 1 8 || Syphilis_ ... 12 2 11)

ymphogranuloma______ ma.
Malaria_ ... ... 5 7 IO Tuberculosis____._._..... 1 2 1
Mumps..... 1 Typhoid fever. 2 1
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