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The problem immediately before the commission in all its work
was the etiology of pellagra and not its symptomatology or thera-
peutics, except as these subjects might throw light upon the
essential nature of the disease. In view of the essential importance
of diagnosis in our work, the conservative position was taken that
a positive diagnosis would be made only when the characteristic
skin lesion was evident or its earlier presence could be definitely
ascertained by the testimony of patient and physician, though this
requirement might, and ultimately did, exclude from our records
cases which in all probability were suffering from pellagra without
showing evidences of its cutaneous manifestation.

II. AcknOowLEDGMENTS. It is not practicable to make personal
acknowledgment in each case to the many physicians to whom
we are under great obligations for their interest and codpera-
tion. The Spartanburg County Medical Society supported us in
all our work, and we wish to express our high appreciation of its
active part in furthering the investigation. Our only way of
approaching patients was through their local physicians, and in
no case did we find anything but the most ready codperation on
the part of the physicians, while many actively associated them-
selves in the work at a considerable expenditure of time and effort.
In the more intensive studies in selected localities, which will
appear in a future report, opportunity will be given us to make
acknowledgment of these special services.

We are indebted to Dr. J. W. Babcock for the privilege of con-
sulting with him from time to time during the work, and for many
special services, especially for data concerning pellagrins admitted
to the State Hospital for the Insane from Spartanburg County and
for pathologic material collected at autopsies in that institution.

To Dr. J. A. Hayne, secretary and health officer of the South
Carolina State Board of Health, we are under obligations for his
interest and codperation in our investigations, and particularly for
furnishing from his office vital statistics concerning pellagra.

IIT. Tee TERRITORY SELECTED. Spartanburg County is situ-
ated in the northern or Piedmont section of South Carclina. It
is forty miles long in a north-south direction, thirty miles from east
to west, and contains 762 square miles. Its surface is hilly and
broken by a network of small streams and by four small rivers
which, with their tributaries, flow across the county in a south-
easterly direction, one of these rivers forming the county line on
the south. The elevation above sea level at Spartanburg, the county
seat, i3 875 feet. To the northwest the slope is upward, the north-
west corner of the county being situated at the foot of the Blue
Ridge Mountain range, while to the south and east the elevation
becomes somewhat lower than at Spartanburg, but with no preci-
pitate fall, the whole county thus resting upon a plateau about
700 feet above sea level.
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to the United States Census of 1910, is set forth in greater detail
in Table I.

The chief industry, and almost the only industry conducted
upon a large scale, is that connected with the cotton mills, There
are about twenty-eight cotton mills in the county, each mill sup-
porting its mill-village. These mills give employment to approxi-
mately 10,000 operatives, representing about 4000 families, and a
total mill-village population of about 20,000. As the mill oper-
atives are whites exclusively, it follows that something over 35
per cent. of the white population of the county is found in the mill-
villages and is supported by the cotton-mill industry. The mill-
village population contains no foreign element, but is drawn
altogether from the general native-born population of South Caro-
lina, North Carolina, Tennessee, Kentucky, Georgia, and other
nearby States. An effort is made by the mill operators to secure
families with the maximum number of individuals capable of em-
ployment as operatives. The income of the mill workers ranges
from about 75 cents per day to $2 or even more, averaging about
$1.25 per day.

The chief agricultural pursuit throughout the county is cotton
culture, though in recent years more and more land has been turned
over to corn and other grain crops. The average value of farm
lands, £36.042 per acre, is considerably above that found in many
sections of the Southern States.

IV. PreEvaLENCE oF PELLAGRA 1IN THE County. Altogether,
282 cases of pellagra were studied in detail during the period the
commission was working in the county, that is, from June 1 to
October 15, 1912, and these 282 cases are the basis for the greater
part of our study. For the purposes of certain special lines of
inquiry, such as-the history of pellagra in the county, the geo-
graphic distribution of the disease at different periods, the sequence
of cases in different local areas, and the possible increase or sub-
sidence of the malady with regard to both frequency and virulence,
records were secured of cases known to the physicians of the county,
but which had died or moved beyond the county limits. It should
be said also that the 282 cases on our list as present in the county
in 1912 represent the minimum figures for the county in this period.

Accepting 282 as the minimum number of cases, we have In
Spartanburg County, in 1912, a minimum morbidity rate for the
population, as a whole, of 0.35 per cent. or 35 cases of pellagra
for each 10,000 of the population.

Including 94 additional cases of which we secured definite know-
ledge in the county in 1912, but were not able to visit, usually be-
cause of their early death or their commitment to the State Hospital,
the total number of cases in the county becomes 376, or 44.9 per

t United States Consus Bureau.
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tory of each township by considering separately the prevalence

% ) ‘of the disease among the rural, urban, and mill-village population

respectively. The results of this analysis are shown in Table 11
and are graphically displayed by Chart 1.

Tasre II.—Rural, Mill-village, and Urban Distribution of Cases by Townships.
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With one exception, in each of the eight townships with a
mill-village population, the prevalence of pellagra among the mill-
villages is markedly in excess of its prevalence among the rural
population, this excess ranging from 17 per 10,000 in township
I to 101 per 10,000 in township C, and reaching even a still higher
figure (113) in the city of Spartanburg. In the county, as a whole,
the mill-village population shows an excess of 50 per 10,000 over
the total county average and of 88 per 10,000 over the rural dis-
tricts alone. The apparent exception presented by township B,
in which the excess among the mill-village population was only
4, disappears in view of the fact that the one mill in that township
had been in operation only a month or so. The rate per 10,000
in the urban population of Spartanburg City, exclusive of the mill-
village population of the city, is about equal to the combined
rate among the rural population of townships C, D, and E, exclusive
of their mill-village population, while the mill-village population in
Spartanburg City (2050) shows 142 per 10,000, the maximum rate
in our figures.

Excluding both urban and mill-village population, and con-
sidering the rural population alone, we find that the three townships
C, D, and E still show a prevalence of pellagra twice that of the
remainder of the county, the combined average rural rate for these
townships being 24 per 10,000, while for the rural population of
the remainder of the county it is only 12.

3 Exclusive of city. 1 City population exclusive of mill-village.




There are two factors which may possibly offer an 4_-,,;]]|,,|,”1[.J],
of this difference. In the three townships (C, D, and E) showing
the excessive rate, with a total population of 19,428, the mill-village
population (9833) makes up 50 per cent. of the total population
(exeluding the city of Spartanburg), while in the remainder of the
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county, with a total population of 30,957, the mill-villages have
a population of only 3600, or 12 per cent. of the whole. It might
be supposed that a large mill-village population showing a rela-
tively high prevalence would tend to increase the prevalence of
the dizease in the surrounding rural districts.
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The apparent fact that cases of pellagra are excessively prevalent
in the mill-villages where the population is congested, suggests the
question whether the congestion of population itself may not have
an important influence upon the incidence of the disease. The
average density of population for the county as a whole is 109 per
square mile, while for the rural districts, exclusive of Spartanburg
City, it is 86.5. For the rural population, exclusive of the mill-
villages, it 1s 60.3. In the three townships C, D, and E, which show
a striking excess of pellagra among the rural population compared
with the rural population of the eight other townships, the density
of rural population is 72 per square mile, and in the remaining town-
ships it is only 56, a difference in density of 16 per square mile.
While the greater density of population in townships C, D, and E
might be a causative factor in the greater prevalence of pellagra
in the rural population of those townships, the rate of prevalence
does not vary strictly as the relative density of population in each
township, though it shows some tendenecy to do so.

Further evidence that density of population alone is not account-
able for the greater prevalence of the disease in mill-villages is
found within Spartanburg City itself. There the mill-villages,
which are continuous with and an integral part of the city, present
a rate of 142 per 10,000, whereas the remainder of the eity popu-
lation, living under approximately the same condition of congestion,
gives only 29 per 10,000. Furthermore, the non-mill-village popula-
tion within the city, with a density which is certainly over 3000 per
square mile, shows almost exactly the same prevalence of pellagra
per 10,000 as does the strictly rural population of the surrounding
township, with enly 90 inhabitants per square mile.

These figures would seem to indicate that while congestion of
population may play a part in the prevalence of the disease, it
alone does not explain the marked inequality of distribution between
the mill-villages and the strictly rural population.

VI. Raciar DistrisurioN. The distribution of the cases of
pellagra in the county between the races presents a second marked
inequality. While in South Carolina as a whole the number of
whites and negroes is about equal, the negroes being slightly in
excess, in Spartanburg County the whites predominate numerically
in about the proportion of two to one, the actual figures being,
whites 57,055, negroes 26,410 (Table III). The 57,055 whites gave
257 cases of pellagra, or at the rate of 45 per 10,000; the 26,410
negroes gave 25 cases of pellagra, or at the rate of 9.5 per 10,000.
In other words, while whites are present in the population in the
proportion of two whites to one negro, there are ten white pellagrins
to one negro pellagrin.

One fact of fundamental importance in the racial comparison
15 the practical absence of negroes from the mill population. It
follows that a more accurate comparison between the races can be
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number of negroes were closely questioned as to the prevalence
of the disease, and in some instances canvasses were made. Not-
withstanding the efforts made to discover the disease in negroes,
it was impossible to find more than twenty-five cases.

It is not believed that the number of cases overlooked could
materially alter the relative incidence of nearly five cases in whites
to one in negroes, and the racial variation is evidently a real one,
though it may possibly be explained in part by the absence of
negroes from the mill-village population, which, as we have seen,
shows a marked excess of pellagra compared with the remainder
of the white population.

TasLe IV.—Racial Distribution of Population and Raeial Distribution of
Pellagra with Percentages.

Pellagra statistics.

Population statistics®

Pellagrn
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Table No. IV is an analysis of population by race, and of the
incidence of pellagra by race for eight Southern States. The pellagra
statistics in this table were secured by correspondence and, as
Lavinder states, are very incomplete.

In Spartanburg County there is a marked difference in racial
incidence, but any suggestion that this depends upon the factor of
race alone may seriously be questioned. In Table IV it may be seen
that the case incidence in the two races in the States of Alabama
and Louisiana shows little difference; while in South Carolina and
Georgia, and to a less extent in North Carolina, there is a marked
preponderance in whites. It is possible that industrial conditions
in these States account largely for this variation.

VII. Sex Distrisurion. The population of the county is
divided practically equally between males and females, the females
being only 27 in excess. The total male population of 41,719
gave 71 cases of pellagra, or at the rate of 17 per 10,000. The female
population gave 211 cases, or at the rate of 50.5 per 10,000 (Table V).
In other words, pellagra appears nearly three times more frequently

¢ Population statistics are those of the Thirteenth Consua (1910). The pellagra statistics
were compiled from those reported by Lavinder in reprints from Weekly Public Health Reporta,
No. 104,
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females; 21 (87.5 per cent.) of the 24 males were mill operatives.
Of the 97 females, 12 (only 12.37 per cent.) worked in the mills
exclusively; 16 additional female cases worked in the mills the
greater part of the time, making a total of 28 female mill workers
(or 28.86 per cent.) of the 97.

46, or very nearly half (47.42 per cent.) of the 97 women did
no mill work, devoting themselves to housework exclusively;
while 14 others were chiefly employed in housework, going to the
mills only occasionally, making a total of 60 houseworkers, or
(68.85 per cent. of the female pellagrins of working age living in
the mill-villages.

We have no actual statistics regarding the proportion of males
and females among mill operatives. It would seem perfectly safe
to say that there are at least as many females as males, the pro-
babilities being that they are in a considerable majority. As a
rule, female operatives are preferred by the mill operators. Assum-
ing equality between the sexes among mill workers, as may surely
be done with safety, the data above presented has a highly impor-
tant significance, in that it shows a nearly equal prevalence of
pellagra in males and females who are employed in the mills as
operatives—namely, 17 males and 12 females—if we include only
those women doing mill work exclusively, and 28 females if we
include the 16 who gave mill work as their chief but not exclusive
occupation. This comparative equality as regards the prevalence
of pellagra between the sexes among mill operatives is in striking
contrast to the inequality between adult males and females in our
sex statistics for the population as a whole, and is very closely in
harmony with what is known of sex distribution in institutional
cases where a difference in prevalence between the sexes is absent
or slight. :

In comparing the mill-village population with the rural popu-
lation as regards the prevalence of pellagra, we found the disease
nearly seven times as prevalent in the mill-villages as in the rural
districts, the actual rate of prevalence in the mill population being
104 per 10,000. Out of the total mill-village population of approxi-
mately 19,000, about one-half, or 9500, are actually employed in
the mills. Among these mill operatives we have 57 cases of pellagra,
including those patients who gave mill work as their chief but not
exclusive occupation. These 57 cases give a rate of G0 per 10,000
among actual mill operatives, against 104 per 10,000 for the total
mill-village population. The 41 patients giving a history of mill
work exclusively present a rate of only 43.2 per 10,000. These
fizures seem to indicate that the excessive prevalence of pellagra
in the mill-village population is not found among those who actually
work in the mills, but among the women engaged in the day about
the houses, and the children who are at home with them.

While children under working age do not form a part of an occu-
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curve for single family cases and to our general age distribution.
It is remarkable, further, that this excessive prevalence in multiple
family cases is much greater among males than among females,
especially in the younger group of children under six years of age.
Among cases occurring singly in families the curve never goes above
5 per cent. in any age group under twenty years among males,
females, or the sexes combined. These facts seem to show that
where single cases of pellagra occur in families it is rarely children
under ten years who are the ones attacked. Among families with
more than one case, however, children under ten years form a
higher percentage of the cases than does any other decade. Among
families with but one case it would appear that the two decades
from twenty-one to forty years give the preat majority of cases
among females, while among males more single cases occur among
those over fifty years.

When considering the subject of age and sex distribution, atten-
tion was called to the striking fall of prevalence apparent among
persons from eleven to twenty years old. Inspection of the curves
in Chart 8 shows this fall to be confined almost entirely to cases
which occur two or more per family, the indication being that
isolated cases in families are as apt to arise among individuals
from eleven to twenty vears of age as among children under eleven
years.

It is not considered advisable to proceed farther at the present
time in an analysis of the family relationships of pellagrins. Such
further investigation would carry us into a study of each individual
family, the actual sequence of cases in each family, and, further-
more, would introduce the whole subject of household assoeciation
and its significance with regard to the family relationship. As
yet our data are not sufficiently complete to make such a study in
a satisfactory manner. It may be said, however, that while there
1s some evidence in our preliminary investigation that family
relationship per se does seem to have some influence upon the
incidence of pellagra, there are stronger indications that household
association is a more important factor in the distribution of the
disease.

XII. RELATIVE PREVALENCE, SEVERITY, AND MoRTALITY RATES
iN ReEceENT YEArs. Pellagra is not a reportable disease in the
State of South Carolina, nor do the State laws require notification
of deaths from pellagra to the health authorities.

The data to be analyzed were obtained from a number of sources.
The 282 cases studied in detail by the Commission afforded one
source. In the City of Spartanburg, official records are on file
covering deaths from all causes within the city, and thus it was
possible to secure accurate mortality statistics for the city. There
are some five or six undertaking establishments in the county,
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as a whole, and the two establishments in the eity of Spartanburg
sell very nearly all the coffins used throughout the county. These
two establishments keep on file the names, causes of death, and
other information concerning the deceased for whom coffins are
furnished, and they very courteously permitted us to make abstracts
from their records. From these records we obtained information of
importance. From the members of the medical profession through-
out the county we secured much valuable information relating to
prevalence and mortality rates for 1912 and previous years. From
pellagrins themselves and from others we were able occasionally
to obtain information concerning individual cases. Dr. Babeock,
of South Carolina, kindly furnished us with information covering
the cases admitted to the State Hospital for the Insane from
Spartanburg County.

Although we availed ourselves of all these sources of infor-
mation, we wish to emphasize the fact that this study is still far
from complete. We hope, however, to make it more compre-
hensive and complete during the course of our studies in the same
county in the summer of 1913.

The opinion was expressed by many physicians in Spartanburg
County, that pellagra was not so prevalent in 1912, as was the case
in 1911. We might say, further, that a like impression prevailed
in many other parts of South Carolina and in other Southern
States.

The statistical data at hand for Spartanburg County are subject
to analysis in several ways:

1. From the information available we have determined as nearly
as possible the actual number of cases of the disease existing in
the county each year, without consideration of the year in which
the disease was contracted and without reference to recurrences.

i

In 1912 there were 376 cases (minimum).
In 1911 there were 2585 cases (minimum).
In 1910 there were 115 cases (minimum).

In 1804 to 1010 there were 114 eases (minimum).

It 1s quite evident that pellagra was not recognized as such, to
any extent, until the year 1909.

We have endeavored to secure from the practising physicians
m the county accounts of the first and other em-lj.f cases occurrmg
in their practices. As yet this information is incomplete, but it
establishes the fact that the disease has existed in the county
sporadically for a number of years. Dir. Fike of Spartanburg, has
the record of a patient dying of pellagra in 1894, although not at the
time recognized as such. The patient was an adult female, and three
other members of her family are said to have died of the disease.
One of the first cases which developed in the city of Spartanburg
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was that of a young woman in a well-to-do family. She contracted
the disease and died of it in 1902. Dr. Jefferies, of Spartanburg,
has the record of a patient who died of pellagra, in November,
1903, but the disease was unrecognized as such until years afterward.

While there is no doubt that pellagra has existed in this section
for a number of years, information obtained from the medical
profession throughout the county indicates very clearly that the
cases must have been more or less sporadic until within recent
vears. The general impression is held that sporadic cases occurred
until about 1909, at which time there was a marked increase in the
number of cases; that during 1910 and 1911 the disease became
more prevalent; while in 1912 there was a slight decrease in inei-
dence. The perceptible increase of cases in 1909 may be accounted
for in part by the fact that the disease was not until then generally
recognized as pellagra. We have consulted with many medical
men in Spartanburg County and in other parts of South Carolina,
and in other States, and it is our belief that the large number of
cases recognized in 1910 and 1911, as compared with the number
recognized previous to that time, cannot alone be explained on
a basis of general failure to recognize the disease in earlier years.
Non-recognition unquestionably explains some of the increase, but
we are thoroughly convinced that there has been an actual and
quite perceptible increase in the number of cases within the past
three or four years. /

2. A second analysis of our data shows that the minimum number
of cases of pellagra in Spartanburg County from 1894 to October,
1912, was 495. This is obviously a conservative estimate, as prior
to 1911 our data are made up largely of cases in which the disease
terminated in death.

3. We have endeavored to determine the actual number of new
cases of the disease occurring each year. It is possible to determine
this with a reasonable degree of accuracy for 1912 and with a
fair degree of accuracy for 1911, but prior to that time the incidence
rates (annual) are altogether a matter of conjecture. We have
seen that there were at least 376 cases of pellagra in Spartanburg
County in 1912. Of the cases seen during our study in 1912 (282),
97 contracted pellagra in 1912, and of 94 others not included in our
series we have knowledge of the fact that 16 contracted the disease
in 1912. The minimum total of new cases for 1912 is thus 113.
In 1911 the total number of eases in the county was 285. Among
the cases included in our series (282), 100 contracted pellagra in
1911, and we have record of 20 other cases contracting it in 1911,
making a,total of 120. Of the remaining 165 cases existing in the
county in 1911 the information at hand is more or less indefinite,
but unquestionably some of this number contracted the disease
in 1911,

Prior to 1911 definite statistics are too meagre to warrant analysis.



Our statistics suggest that pellagra, so far as new cases are concerned,
was somewhat more prevalent in 1911 than in 1912,
The annual case death-rate among pellagrins was as follows:

No. of Mo. of Per cent. of

Year. cdonths, CIEEE, denths
Unknown . 8

1804 . 1 i

18408 1

1899 1

1901 . 9

1902 . 2 20 114 oo

1903 . I

1004 . 1

1R R N gt = S 2

MO0 T el el 14 |

10 [ R e PR S R 32 115 28

N e o gl 54 285 19

TELR - o ot N et il e 47 376 12

It should be understood that these mortality statistics are of
pellagrins who have died from all causes, not deaths from pellagra
alone. In a number of these cases the pellagrous symptoms were
of but little moment, the actual causes of death being other factors,
among which may be mentioned tuberculosis and senility. The
morbidity and mortality statistics for 1910 and the years preceding
are not sufficiently complete to warrant any deductions. Those
for 1911, showing 19 per cent. deaths, and for 1912, showing 12.5
per cent. deaths, represent more nearly the relationship between
the morbidity and mortality rates as they exist at present.

Death during the initial attack is not uncommon. In the series
of 282 cases studied by this Commission, 97 contracted the disease
in 1912, and 5 of these cases died during the initial attack.

SummaRrY. The following general statements concerning relative
prevalence and mortality seem to be warranted:

Sporadic cases have been observed in Spartanburg County
since 1894. During the past three or four years there has been
an alarming increase in the number of cases. The number of new
cases developing in 1911 was somewhat greater than in 1912,
although the difference was but slight. When the disease first ap-
peared in Spartanburg County the symptoms were frequently
severe and the death-rate appears to have been high. The number
of cases in the county is increasing while the death-rate appears
to be decreasing.

XIII. CriNicar OesErvaTiONs ON PrLLaGra. A, Chronicity
and Periodieity, with a Study of the Influence of Climatic Conditions.
1. Chronicity. We have observed no differences in the sympto-
matology, and more particularly in the chronicity, of the disease as
it exists in this country and in Italy, except the fact that the
mortality rates in this country two or three years ago were appar-
ently much higher than those obtaining in Italy at the same time.
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It will be noted that in some of these cases the disease was
contracted originally in 1904; in others, in 1905 and every year
thereafter to 1912, inclusive. Ocecasionally the history of previous
attacks was indefinite, and such cases are so classified.

In this series there are 55 cases of pellagra recognized from one
to five years ago by the attending physicians in which the annual
recurrence has failed to appear in one or more seasons. In some
of these cases the disease has reappeared after an intermission of
one or two years, while in other instances symptoms have been
present for one or more seasons, and have never since recurred.
The following cases illustrate this point:

First attack, 1908; recurrence, 1909; no recurrences, 1910, 1017, 1912 . . . . . . 1
First attack, 1909; no recurremcss, 1910, 1911, 1912 . . . . . . o . & = . i
Firat attack, 1910; no recurrences, 1910, 1012 . . . . © o & o e w a ow 3

In addition to these five cases we have records of a few other cases
in Spartanburg County, not included in this series, in which patients
have been without symptoms for a period of two, three, or more
vears and appear to be cases of recovery from the disease.

Our individual ease histories show that a number of adult females
have borne children since contracting pellagra, but in only 22 cases
is the relationship of the pregnancies to the development of symp-
toms sufficiently definite to warrant analysis. In 16 of these cases
(75 per cent.) there were no symptoms of pellagra during pregnancy.
These observations cover only a small number of cases, and this
subject will be investigated more in detail in this series and in
additional ones during the summer of 1913, Pregnancy seems to
show a tendency to inhibit the development of pellagrous symptoms.

2. Pertodicity. A study of the literature of pellagra gives one
the impression that there is a definite seasonal periodicity. We are
led to believe that the disease appears in the spring; that there is
a relative decrease in the number of cases in midsummer; that a
fall recrudescence occurs, and that there i1s a tendency for symp-
toms to reappear at the same time each year.

Sambon cites the spring and fall periodicity as a strong argument
in favor of his hypothesis that the disease is of protozoal origin
and transmitted by a blood-sucking insect, a species of Similium.

We have undertaken some studies bearing on this phase of the
subject. It is evident that these observations, except for the year
1912, must be based on the statements of patients suffering with
pellagra. We have endeavored to control such statements and to
add to their reliability by information obtained from other members
of the household, and more particularly by that obtained from the
attending physician. The cases will first be considered by month
of onset of symptoms. Chart 9 represents graphically the month
of onset of symptoms arranged by years. It is understood, of
course, that this chart represents not only the month of orginal
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We have analyzed the recurrent attacks with a view of deter-
mining whether or not there was any marked tendency in each
individual case for active symptoms to appear during the same
month year after year, with the following results:

INTERVAL BETWEEN (NSET OF SUCCESSIVE ATTACKS,

11 to 1114
months or Less than 11
1114 to 1214 1214 to 13 or more than

muonths, months. 13 months.
Cases contracting pellagra in 1908 i iz e e LS 4 2 5
Cases contracting pellagen in 1910 AL e 12 17 10
Cases conteacting pellagra in 1911 Ao T 21 20 24
37 an a0

We have analyzed still further the umformity of recurrences,
first by ascertaining the date of appearance of symptoms in indi-
viduals who contracted the disease in 1910 and comparing these
dates with date of recurrence of symptoms in the same individuals
in 1911, and second, by tabulating the same facts for cases develop-
ing originally in 1910 and 1911 and recurring in 1912,

Among the cases showing symptoms originally in 1910 the re-
currence in 1911 was a month or more earlier in 14 cases, during
the corresponding month in 27 ecases, and a month or more later
in 17 cases. Among the cases contracting the disease in 1910
and 1911 the recurrence in 1912 was at least a month earlier as
compared with the appearance of symptoms in 1911 in 36 cases,
during the same month in 48 cases, and at least a month later in
33 cases.

It is evident from this analysis that there is no particularly
marked tendeney for the seasonal recurrences to reappear during
the same month year after year.

3. Influence of Climafe. Climatic conditions are said to influence
the periodicity of the disease. If during the spring months the
precipitation is high, temperature low, and number of rainy days
excessive, there is said to be a delay in the appearance of acute
symptoms, more particularly those involving the skin. One of us
had oeccasion to observe this influence in the spring of 1910 while
investigating conditions in northern Italy. In March and April
of that year the weather conditions in the provinces of Milan
and Bergamo were quite unsettled, precipitation was excessive,
there were many rainy days, but little sunshine, the temperature
was low and the atmosphere was damp and chilly. At this time
there were but few cases showing active symptoms of pellagra.
The delay in appearance of active symptoms was attributed to
unsettled weather conditions. We were informed, further, that
it had been observed for many years that unsettled weather con-
ditions in the spring always delayed the appearance of active

g
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symptoms of the disease. We have been able to compare this
general impression as regards conditions in Italy with similar
conditions in the South. Early in May, 1912, we ;.Lll"u-'EStigﬂtCE] the
prevalence of pellagra in different sections of South Carolina,
in North Carolina, and in Georgia. The physicians consulted
informed us that there was a delay in appearance of cases showing
active symptoms, and that whereas in April, 1911, they had ob-
served many such cases, in April, 1912, they had seen but few.
We were informed that spring and settled weather conditions were
present much earlier in 1911 than was the case in 1912. This
general impression is confirmed by the fact that farmers in the
states mentioned were able to get their erops under way quite early
in 1911 while in 1912 they were delayed for from three to six
weeks. In Spartanburg County it was possible to secure much more
detailed information covering weather conditions. The general
information given us is in agreement with that outlined above.

In order that these general impressions may be controlled, we
have obtained from the United States Weather Bureau its
reports on weather conditions in Spartanburg County, South
Carolina. The available information from this source, which
includes monthly precipitation, monthly mean temperature, and
number of rainy days, is presented in Charts 11, 12, and 13.

It is evident from an analysis of the monthly precipitation curves
for 1911 and 1912 that in 1912 during the months of January to
June inclusive, except for the month of April, the monthly pre-
cipitation was greatly in excess of that for the like period in 1911.

Analysis of the monthly mean temperature curve for 1911 and
1912 shows that in 1912 for the months of January to June inclusive
the temperature was, in general, appreciably lower than was the
case for like months in 1911,

A study of Chart 13 (number of rainy days) shows that for the
first six months in 1912, except for the months of March and April,
the number of rainy days per month was in excess of the number
for the like period in 1911. While there were more rainy days in
March and April, 1911, than for the same months in 1912, the
amount of precipitation for these two months in 1912 was in
excess of that for 1911.

These charts, considered as a whole, indicate quite clearly that
settled weather conditions with relatively high temperature and
low precipitation existed in Spartanburg County at an earlier date
in 1911 than was the case in 1912,

The relationship between climatie conditions existing in 1911
and 1912 and the appearance of acute symptoms of pellagra can
be determined by referring to Charts 9 and 10. There was quite
a definite tendency for symptoms to appear at an earlier date in
1911 than was the case in 1912. The incidence-rate in both charts
was high for the month of April, 1911, while in 1912 the incidence-

4
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SumMARY. 1. Chronieity. In a large proportion of the cases
in this series the disease exhibited marked chronicity. In 20 per
cent. the annual recurrences had failed to appear in one or more
seasons. Pregnancy seems to show a tendency to inhibit the develop-
ment of pellagrous symptoms. In 2 per cent. of the cases no symp-
toms had been present for from two to three years, and these
appear to be cases of recovery from pellagra.

2. Periodicity. (Cases begin to show symptoms in the early
spring, increase in number until midsummer, and then rapidly
decrease. There was no evidence whatever pointing to any spring
and fall recrudescences, so frequently referred to in the literature
of pellagra. There i1s no particularly marked tendency for the
seasonal recurrences to appear during the same month, year after
vear, in the same individual.

3. Influence of Climate. Climatic conditions appear to influence
the development of symptoms of the disease. If during the spring
months precipitation is high, temperature low, and number of
rainy days excessive, the appearance of acute symptoms, more
particularly those involving the skin, is delayed.

B. Symptomatology of 1912 Atlacks. A considerable amount of
information has been collected in reference to symptomatology,
but a discussion of this phase of the subject will not be undertaken
until we have followed these cases through their 1913 recurrences.

The following general statements are warranted: While three or
four years ago it was quite the usual thing to see patients showing
a combination of severe skin lesions, severe stomatitis, intractable
diarrhea or dysentery, mental derangement, and physical exhaus-
tion, comparatively few patients exhibiting this symptomatology
in a marked degree were observed in Spartanburg County during
the summer of 1912. In many of the cases observed the symptoms
were quite mild, and frequently they were confined almost entirely
to the cutaneous system. This apparent indication of a decreasing
virulence of the disease is strengthened by certain facts which appear
in the study of mortality rates of pellagra in Spartanburg County
for 1912 and earlier years.

XIV. Cruinicar OBsERVATIONS UPoON Economic STATUS AND
Previous Heavtn oF Perragrins. It is believed by many who
are brought into contact with pellagra that predisposition plays
an important part in its development and that the disease most
frequently affects the poorer classes, who live under unfavorable
hygienie conditions and who subsist on a diet of low nutritive
value and of limited variety. Some detailed studies were under-
taken covering these points. The general hygienic conditions and
dietary will be discussed elsewhere, and this section will be confined
to a consideration of financial circumstances and health conditions
as possible predisposing factors.
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A. Eeonomic or Financial Cireumstances. In recording the
data relating to the economic conditions under which the patients
lived, the following classification was adopted: squalor, poverty,
necessities, comfort, affluence. These terms are somewhat arbitrary
and necessitate some brief explanation.

Squalor. Cases so classified are confined to those living in wooden
huts in poor repair and without out-houses. Their diet was ex-
tremely poor and without variety, living rooms squalid, clothing
filthy and in rags.

Poverty. Cases of this class lived in cabins usually without
out-houses, rather isolated, ordinarily on large plantations. Food
consisted largely of bacon, molasses, corn-bread, and biscuit.
Negroes of the poorer tenant class form this group very largely.

Necessities, This class included those instances in which the
family had a fairly regular cash income sufficient to provide for
actual needs. It is made up largely of mill operatives and their
families. They live in cottages, with some land about them, but
rather closely aggregated to form mill-villages.

Comfort. Cases classified in this group are made up largely
of farmers who own their own plantations and stock, have a good
diet, and are in comfortable financial eircumstances.

Afftuence. In this group are included patients who live under
the best of hygienic and financial conditions. Their houses are
well-constructed, usually screened, and their diet is well balanced.

The cases so classified number 277 and are divided as follows:

R RE Fr i I PR E e S S S T e werry R e o M TR S 2
T g e T g e 8 P S LS R s R R L S W
e L T gt Eey S e i i il S A e e 2 B e
(O EATE S Sy s e s s e e e e s T R S e 41
LT T LA TR ool Lot e S 0, B e e i e 1 i}

It will be seen that in 83 per cent. of the cases (squalor, poverty,
necessities) the economical conditions were poor; that in 15 per
cent. (comfort) the economical conditions were within the average,
and in 2 per cent. (affluence) the financial circumstances were
well above the average.

In connection with the “affluence” group, it may be said that the
members of the Commission have personal knowledge of a number
of other instances in which pellagra has developed in persons living
under the best of hygienic and economie conditions.

Grouping the cases under two general subdivisions, we find
that in 83 per cent. of the cases the economic conditions are poor,
while in 17 per cent. they are good.

B. Diseases of Childhood and General Health in Childhood. Dis-
eases of Childhood. In considering the diseases of childhood the
cases were divided in two groups: (1) those giving a history of
one or more of the following diseases: measles, mumps, chickenpox,
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giving history of such diseases the following were noted: tubal
and ovarian inflammation, pus-tubes, cystic ovary, endometritis,
uterine fibroid, carcinoma of the uterus, displacement of the uterus,
and pelvie inflammation. In a number of cases, symptoms refer-
able to the genital tract were quite indefinite.

The feature of most interest and relative importance in the
consideration of predisposing factors is the chronologie relationship
of previous illness to the development of pellagrous symptoms.
The following summary gives in some deatil the information secured:

Recext lniwmss Possieny PreEpisrosing To PELLAGRA.

Gastric disturbance (including chronie gastrie indigestion)
Dvsentery (chronie duriog summer)

Diarches . o L T ;
Hookworm disease (moderate infection) .
Owvarian cyst (large)

terine disensa R L e e L
General poor health {(usually following childbirth)
7ol e Tt S el e e

Ascites (probably due to nephritis)

Valvular disease of the heart

Asthma ey L

Pulmonary tuberculozis

Malarinl fever

Aleoholism -

Morphine habit .

Infantile paralysis

Whooping cough

Menslea

Chickenpox o E ) i

No history of recent illness, 156

Health better than usual, 2 }

! B
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In 15 of the cases a history of chronie indigestion was obtained.
In explanation of these cases it may be said that symptoms of
gastric disturbance preceded the active cutaneous symptoms of
pellagra by a period of several months to several years. In 11 per
cent. (30) of the cases no history of illness immediately preceding
the development of pellagra could be obtained other than the fact
that the general health was poor. Quite frequently this history
of poor health followed confinement. One history of hookworm
disease is included. This case showed objective clinical evidence
of hookworm infection, which was uncommon for Spartanburg
County. Malarial fever does not appear to be endemic in this
county, and the one case included in this table was contracted in
one of the “low country” counties. We were impressed with the
fact that children not infrequently contracted pellagra during con-
valescence from acute infectious diseases, or very soon thereafter.
It will be noted that 15 such observations were made: whooping
cough, 2; measles, 12; chickenpox, 1. Of the 43 cases in children
under ten years of age, 11 (approximately 23 per cent.) gave a
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history of measles. In most of these the attack of pellagra oceurred
soon after recovery from measles.

SuMMARY. In the large majority of these cases (83 per cent.)
economic conditions were poor, and the disease is most prevalent
among people of insufficient means. We would, however, invite
attention to the fact that 17 per cent. of these cases oceurred in
patients living in comfortable eirecumstances. This is not in agree-
ment with Italian conceptions of the disease, where it presumably is
confined altogether to the poorer element of the general population.

An analysis of general health conditions during childhood shows
that in 86 per cent. of the cases the history was that of good health.
So-called congenital diseases and inherited constitutional defeects
were of no apparent significance.

An analysis of diseases of adult life shows that in 25 per cent. of
the cases, those giving a history of gastrie disturbances, dysentery,
and tuberculosis, a chronic disease was present, and it might be
inferred that there is evidence of existing predisposition. During
adult life the general health conditions were good in more than
half the cases (62 per cent.).

An analysis of the obstetrical and gvnecological data shows that

among females who had reached the age of puberty, those most
affected were married women (86 per cent.). As 86 per cent. of
the married women had borne children and the average number of
children borne was 3.8, it might be inferred that childbearing is
an important predisposing factor. We know, however, that the
average number of children borne by married women in the general
population of the Seuth is equal to or even greater than this.

Recent illnesses do appear to be worthy of serious consideration
as predisposing factors, and it is our opinion that they frequently
do influence not only the development of pellagra but also the
severity of the attacks. It will be noted, however, that 59 per cent.
of the cases in this series gave no history of illness immediately
preceding the development of pellagra.

XV. Srupies veon Hycienic aANp SANITARY CONDITIONS OF
HousEes ANp PreEMIsEs. A. Houses. The prevailing type of home
in this county is a frame dwelling. The site usually is well drained,
and there is always more than sufficient space between houses to
afford free circulation of air.

In this study the dwelling houses are considered in three groups:
brick, frame, and cabin.

Brick Duwellings. Dwellings of brick construction are relatively
few in number. The mercantile houses in the larger centres are
usually of brick construction, one or more stories in height, and the
upper stories occasionally are used for living quarters. One of
the cases included in this series was occupyiug such quarters.

Frame Duwellings. The mill-village dwellings are of the same
general type, usually one story, sometimes two (Figs. 1, 2, 3, and 4).




The houses are almost always double. The single-story houses
consist of a combination sitting and bed room, dining room, and

Fia, 2 —Twypical mill-village houss

kitchen (Fig. 5). In the two-story houses there is in addition
a bed room on the second floor. Small families occupy one-half
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of a double single-story house, and large families live in either a
two-story house or both sides of a double one-story house. There
are two or three windows in each room and a small porch in front.
These houses have no cellar, the foundation is brick, the ground
floor is well above the ground, and the space between the ground

Fira. 3.—Typieal mill-village house

Fia. 4. —Typieal mill-village house,

and ground floor is left open, permitting free circulation of air.
Doors are placed directly in line from front to rear of the house,
permitting free and unobstructed passage of fresh air. Rooms are
sealed, both walls and ceiling. The timber used for this purpose
is sometimes matched, sometimes not. The roof has a good pitch
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with a large attic, permitting circulation of air, and the bed rooms
have open fireplaces which further improve ventilation.

These houses are practically all infested with Cimex, and the
grooves between the boards used in sealing the rooms afford an
ideal place for the hatching out of broods of these insects.

Fra. 6.—Type of farm=-house and well.

The dwelling houses in the farming section are practieally always
frame houses (Fig. 6). Many of the farm-houses, more particularly



those occupied by owners, are well-constructed, reomy, and superior
to the mill-village dwelling-house. On the other hand the usual
tenant-house is inferior in many respects to that found in mill-
villages. :

Cabins. In this group are included the small frame or log
dwellings, poorly constructed and ill-ventilated (Fig. 7). The
negroes of the farming class usually occupy such houses.

Fig. T —Type of eabin occupicd by negro tenants on farms,

Hryciexic anxp Saxitary CowpiTion oF Houses.
R A e o T e ey e e . el | Sl [ i R Ui T R

Frami B e e A 1= o P, T A e 2306
(TR T el e Al o Rl S R e I e e ] e ST oy e 19

Reprir: cGood- o oL o0 Gl A0 i i G e e T i e L
| I e R N S e i e SR et T e ot e T

Sereoned: Yes . . . . . e W R e s
30 [F Ty e Ll R ST et D e (s e )

Ventilation: QGooad- ot & o o i a vl TG Pl ot R Bt |1y,
1T [ B e : T ST, a0
|ty e e S e e - oA SN e L &

General cleanliness: Good . e P L S
EfRies ; A A | |5
Poor . - ! - 12
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Summary. 92 per cent. of the cases lived in frame houses of fairly
good size, and 85 per cent. of the houses investigated were n
.llrh good repair. Nine per cent. of the houses were screened, but
in many instances the ":{'I‘LEI'I.'I]'I.g was more or less unsatisfactory.
In only a small prupnrtmn of the sereened houses did the screening
afford satisfactory pr:}tLLtlnn against the ingress of insects. Musea
domestica was present in all, and Stomoxys caleitrans was present
in many unprotected houses.

Ventilation. In 62 per cent. of the houses investigated, venti-
lation of the bed rooms was good, in 36 per cent. only fair, and in
3 per cent. poor. The number of persons occupying each bedroom

averaged about three, and the available allowance of air space did
not, in general, suggest overcrowding. Poor ventilation and over-
::-ru:-wde-:l conditions were more in evidence in the negro pcpulatmu

Summary. We have failed to find anything of significance in
connection with the houses from the standpoint of overcrowding
and ventilation. It was observed that Mueosa domestica was
always more or less abundant, and that of the blood-sucking insects,
Stomoxys caleitrans and Cimexr [cetularius were of common occur-
rence. A detailed study of the observations on insects will be
considered in the entomological section of this report.

B. Water Supply. The sources of water supply for drinking
purposes among the general population of Spartanburg County are
similar to those considered in this study. For analytical purposes
the sources of supply are divided into three groups, wells, springs,
and city water.

SoURCE 0OF WATER SUPpLy,

Wells: Dug well, with bucket . . . . 162
Artesinn wall, with pump . . . L ! b
Hprings . . TG ST LT SO LA A et 13
City water, h:.rdrnnt. il e e e R T [ e T oy &

ProTECTION OF WATER-SUPPLY WITH REFERENCE TO CONTAMINATION BY
SURFACE WATER OR BY SEEPAGE AT Porst rrom Wiics Svrrny
15 Drawx,

Protection satisfactory (water-supply drawn from hydrants,

from artesian wells with concrete base, or from deep

wells with conerete base) o e ARt
Partly protected (water-supply druwn ir.::um ue]]s w H..h numicn

base, either eoveored or uncovered, or from isolated

e e e P e i i ey [
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Wells. The wells are of several types. The ty pe most common
in rural districts and in some of the mlll-‘nllldgu is the ordinary
dug well, about five feet in diameter (sometimes round and some-
times square), from thirty to sixty or more feet in depth, and
protected at the top by a wooden frame. Though a few wells could
be classified as “shallow wells,” it was quite the usual thing to



Frag., 8—Typical dug well with buckot.

Wooden base.

Fig. 9=Typo of draven pump woll, wooden Tase,
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find that the supply was obtained from a sufficient depth to ius:m re
that an impermeable stratum supervened, preventing contamina-
tion by surface water.

i
RIS O e v

Fie. 10.—Type of bucket well, wooden base

Fia. 11.—Type of driven well with pump. Sloping concrote base

The water was usually drawn by means of the well-known bucket
and windlass arrangement, but in a number of instances pumps were
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in use. In the farming districts, ordinarily, no effort was made
to guard against contamination at the immediate source of supply,
but in some of the mill-villages these wells have concrete bases,
sloping outward. The various types of wells can be better under-
stood by reference to Figs. 8, 9, 10, 11, and 12,

In some of the mill-villages, artesian wells are in use. These
artesian wells are usually quite deep, and the water is drawn by
pump.

Fig. 12 —Dug well with bucket. Concrete hase

Springs. The use of spring water was, with one or two exceptions,
confined strictly to the farming population living in comparative
isolation. Usually drainage from the house was not in the direction
of the spring, and the possibility of contamination was not a factor
of importance.

City Water. This source of supply was confined to the city of
Spartanburg. Bacteriological and chemical examinations are made
from time to time, with no evidence of contamination.

Summary. It will be noted that 80 per cent. of the cases used
well water; 15 per cent. used city water; and 5 per cent. used
spring water.

In 27 per cent. of the total observations (241) the water supply
was perfectly protected from contamination. The remaining 73
per cent. are classified as partly protected, but this group requires
some further explanation, as otherwise an erroneous inference
might be drawn. We have included in this group all springs, all
shallow wells, and all wells without a concrete base. As a matter
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villages the unhygienic open surface privy is in use, and flies have
free access to large collections of excreta in close proximity to the
dwelling-houses. In some mills the privies are cleaned weekly;

Fia. 18.—PFPrivy, Type E. Burface, unsereened.

Fia. 14.—~Privy, Type 11, Pail sysiem, unscreoned.

in uther_s, at greater and more irregular intervals. In some villages
the sanitary condition around the privies is extremely poor, while
in others some attempt is made to keep things relatively clean.
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In the farming districts the methods of disposal fall in Classes
E and F (Fig. 18). The open-surface privies on farms usually are

Fig. 15 —Frivy, Type E. Surface, unscreened.

Fic. 18 —Privy, Type E. Surface, unsereencd
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poarly constructed and filthy, and the excreta are seldom removed,
poultry being relied upon as scavengers. Negroes in the farming

Fio. 18.—Privy. Type E. Surface, unscreencd, on farm.
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Tasre XII.—Continued.

Quariry or MEeaL,

Good. Musty.

&ill population Number 41 40
Urban population Number 13 12
Rurnl population Number a4 18

Use or Hosmixny or GriTs

Daily. Habitually. Rarely. Never.
Mill population Number a 47 53 18
Per cent. T a7 41 156
Urban population MNumber 9 16 7 i
Per cont. 24 43 19 14
Rural population Mumber & 14 23 11
Per cent, 10 26 43 21

Byrup. Corn-starch. Whisky.

Mill population Number 47 5 19
Par cent,

Urban population Number 23 5 g
FPer cent. :

Rural population Number 27 3 fi
Per cent.

Meats. The following meats were used to a greater or less
extent in these three subdivisions of the population: fresh meat,
fresh pork in season, fresh fish in season, fresh fowl, dried or chipped
beef, bacon, cured fish, canned beef, canned sausages, and canned
salmon. Fresh beef is not a staple article of diet of any of these
population groups during the summer months. By far the greater
number of individuals among the mill-village and rural population
groups used it but rarely, and some never, while the urban group
used it more extensively. The actual percentages of those eating
fresh meat, either rarely or never, are as follows: Rural cases,
70 per cent.; mill-village cases, 64 per cent.; urban cases, 34 per
cent. Fresh pork in season was used approximately equally in the
three groups, but rather more generally in the rural group, the
actual percentages of those using it daily or habitually being as
follows:

Urban cases, 74 per cent.; rural cases, G8 per cent.; mill-village
cases, 02 per cent.

Fresh fish is not a common article of diet in Spartanburg County,
and was but rarely used in any of the three groups. This statement
applies more particularly to the mill-village and rural population.
The percentages of those using fresh fish either rarely or never
are as follows: urban cases, 59 per cent.; rural cases, 90 per cent.;
mill-village cases, 78 per cent.

Fresh fowl was used quite extensively in all three groups par-
ticularly during the summer months; most extensively by the rural
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cases: less so by the urban group, and least extensively by the
mill-village group. The actual percentages of those using fowl,
either daily or habitually, are as follows: urban cases, 606 per
cent.; rural cases, 65 per cent.; mill-village cases, 41 per cent.

Cured beef is used but rarely in any of the three groups. In
05 per cent. of the rural group, 78 per cent. of the mill-village group,
and in 70 per cent. of the urban group it was never used.

Bacon (cured pork) is a common article of diet in all groups,
being used either daily or habitually by 92 per cent. of the mill-
village group, 87 per cent. of the rural group, and 76 per cent. of
the urban group.

Cured fish is little used in any of the three groups, though some-
what more frequently in the city population than by the the other
two classes.

Canned beef is not used extensively. In 63 per cent. of the rural
cases, 46 per cent. of the urban cases, and 35 per cent. of the mill-
village cases it is never used. When used it appears to be eaten
neither daily nor habitually.

Canned sausages (pork) are quite extensively used although
seldom with any great frequency or regularity, The farming popu-
lation uses them least.

Canned Fish. Canned salmon, while quite generally used, is
not a staple article of diet in any of the groups. In 93 per cent.
of the rural cases, 86 per cent. of the mill-village cases, and 82 per
cent. of the urban cases it is rarely or never used.

Eggs, Buiter, and Milk. These farm and dairy products are used
with great frequency and regularity in all three groups of the
population. Eggs were used either daily or habitually by 100 per
cent. of the urban cases, 75 per cent. of the mill-village cases, and
53 per cent. of the rural cases. Butter was used daily or habitually
by 89 per cent. of the mill-village cases, 83 per cent. of the urban
cases, and 80 per cent. of the rural cases. Milk was used either
daily or habitually by 72 per cent. of the mill-village cases, 67
per cent. of ihe rural cases, and 54 per cent. of the urban cases.
The use of eggs and butter is not so common in the rural group as
in the other two. It must be remembered, however, that a greater
number of negroes are included in this group, and their diet is
probably below that of the whites, more particularly from the
standpoint of variety. For example, Table XI shows that in 3
cases among the rural population, eggs were never used; 2 of these
cases were negroes. Of 6 cases that never used milk, 3 were negroes.
Our data are not sufficiently extensive to draw a careful comparison
hetween the average dietary of whites and negroes at the present
time. Further information on this subject will be sought, the
coming season.

Vegetables. Fresh vegetables were used in season, to a very large
extent, by all the groups. They were used either daily or habitually
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by 99 per cent. of the rural cases, by 96 per cent. of the mill-village
cases, and by 91 per cent. of the urban cases. Among the vegetables
most commonly used may be mentioned cabbages, green corn, heans,
potatoes (Irish and sweet), peas, tomatoes, and squash. During
the winter months the available vegetables were confined largely
to Irish potatoes, cabbage, peas, and beans. Canned vegetables
were seldom used habitually. In 85 per cent. of the rural cases,
69 per cent. of the mill-village cases, and 59 per cent. of the urban
cases they were either rarely or never used.

The lards used consisted of pure leaf lard, the compound lards, and
pure vegetable (cotton-seed) lards. In 7 cases pure leaf (hog) lard
was used exclusively. In many instances, particularly so in the
rural cases, sufficient lard was rendered from the pork killed at
home to supply all needs for from two to eight months of the year
or longer. Others used compound or pure vegetable lards exclu-
sively. Inquiry among 50 non-pellagrous families in one mill-
village showed the use of compound lards to be quite as extensive
as among pellagrins.

Some of the grocers catering to the well-to-do classes of the
population in Spartanburg informed us that some customers
preferred the pure leaf lard, while others preferred and used con-
stantly the pure vegetable lards.

Wheat Flour. Bread made of wheat flour was used daily by
99 per cent. of the cases in each group, and was used habitually by
the remaining 1 per cent.

Corn Products. Among the corn products used are included
corn meal, hominy, grits, syrup, corn-starch, and whisky. Corn-
meal is a staple article of diet in all classes of the population in
the area studied. In this series, 84 per cent. of the rural cases,
75 per cent. of the urban cases, and 72 per cent. of the mill-village
cases used corn-meal either daily or habitually. Two cases had
not used corn-meal for a period of two years prior to the develop-
ment of pellagra. These cases were two children whose mother
had contracted pellagra in 1910, at which time she was advised
by her physician to discontinue the use of corn products absolutely.
She states that she had done so and that there had been no corn
products in the house for the past two years. The children, aged
six and thirteen years respectively, developed the disease in 1912.

The meal was obtained from different sources. Many of the
families used no meal other than that grown locally and ground
at a local mill; others used such meal the greater part of the time;
others used, exclusively, meal shipped in from a near-by state;
and still other used such meal the greater part of the time, but used
more or less meal made from local corn, locally ground. The
cases in which both local and shipped meal was used are included
in both tables, which accounts for the apparent excess in numbers,

Some families raised sufficient corn to supply them with meal,
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locally ground, for from six to eleven months of the year, the
remainder being purchased from a grocer. The quality of the meal
varied. When meal was made from the home-raised corn it was
the usual custom to grind it up in small amounts at frequent inter-
vals, and such meal was said to be fresh and sweet. The meal
purchased from grocers was sometimes musty, but such meal
usually was fed to the chickens. The use of hominy and grits was
not so common in these groups as had been expected. Among
the rural cases G4 per cent., the mill-village cases 56 per cent.,
and the urban cases 33 per cent. rarely or never used either.

Comparative dietary studies on the normal non-pellagrous popu-
lation under like conditions are desirable in any attempt to deter-
mine the possible influence of the dietary on the development of
pellagra. We have made some comparative studies with this
object in view, but our data are not sufficiently complete at this
time to warrant any definite conclusions.

The diet to which most of these cases were accustomed is of
fairly good variety, but it is probable that in many instances the
methods of preparation and cooking of the food are subject to
eriticism. This matter likewise is to be made a subject of further
investigation. We are quite certain, from personal observation,
that the average dietary of the poorer classes of the population in
the county studied is much superior both in its variety and actual
nutritive value to the dietary of the peasants in the North of
Ttaly. Another striking difference may be mentioned, namely,
that corn-meal in the form of polenta constitutes the chief bread
component of the diet of the peasant of Northern Italy, whereas
in Spartanburg County, among all classes of the population, wheat
flour, in the form of bread or biscuit, is the principal bread-stuff,
and corn-meal, while extensively used, is not nearly so staple an
element of the dietary as wheat flour.

XVII. Sysorsis. The epidemiological study of pellagra as it
exists in Spartanburg County, South Carolina, is still in progress
and will be continued during the spring and summer of 1913, The
work done in 1912 constituted a more or less general preliminary
survey of the field, and the results of that work as set forth in this
report are tentative and will be further tested by continued obser-
vations and study. '

The results of the work in 1912 tend to strengthen the belief
that a satisfactory knowledge of the epidemiology of pellagra is
best to be gained by intensive studies, of the behavior of the disease
in selected communities, and of the prevailing conditions which
influence its local prevalence and distribution. It is hoped that a
study condueted with sufficient care and thoroughness along these
lines will yield valuable evidence either for or against the possible
infectious nature of the disease and its possible communicability.
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The epidemiological data presented in the present report are
summarized below:

Parr 1. 1. Pellagra shows a striking inequality of distribution
in the ten townships within the county, the township rate of pre-
valence per 10,000 of population varying from 0 to 71. The city
of Spartanburg, with a population of 17,517 gave a rate of 49
per 10,000 against 34 per 10,000 for the remainder of the county.

2. Density of population while showing a tendency to conform
to the relative prevalence of the disease does not alone offer an
explanation of the geographical inequalities of its distribution
within the county.

3. The cotton-mill-village population gives a rate of prevalence
of 104 per 10,000 against 19 per 10,000 for the remainder of the
county, and against 16 per 10,000 for the rural sections alone.

4. The variations in the rates of prevalence in the ten townships
are in a measure proportional to the presence or absence of a large
mill-village population. Excluding the mill-village population,
there is still a marked discrepancy between the townships in the
rural population alone, ranging from 0 to 29 cases per 10,000 of
population. The excessive prevalence among the farming classes
is found in the townships which have a relatively large mill-village
population.

5. The white population of the county gives a prevalence of
45 cases per 10,000; the negro population a prevalence of 9.5 per
10,000. Excluding the mill-village population which is practically
all white, the remaining white population still gives a rate of
prevalence (25.2 per 10,000) over two and one-half times that among
the negroes.

6. The rate of prevalence per 10,000 for males in the county is
17; for females, 50.5. White males give a rate of 22.95 per 10,000;
white females, 87.5 per 10,000, negro males, 3.9 per 10,000; negro
females, 14.9 per 10,000.

7. The rate of prevalence among children under ten years of
age and among adults aged forty-five yvears and older is practically
equal in the two sexes.

8. The rate of prevalence drops among males between the ages
of nineteen and forty-five years, whereas for females there is a
remarkable excess of prevalence between these ages.

9. In both males and females there is a striking fall in prevalence
between the ages of ten and twenty years.

10. The most significant fact with regard to occupation is the
excessive prevalence of pellagra among women employed in house-
- work.

11. The excessive prevalence of pellagra in the mill-village popu-
lation is found largely among women and children at home during
the day. Among actual mill-workers the rate of prevalence between
the two sexes appears to be about equal.




12. One-half of the cases occurred singly in one faraily; about
one-fourth occurred two in one family; the remaining fourth
occurred in groups of three, four, or five in one family. The question
of the possible relative importance of family relationship and
household association is still under investigation.

13. Among cases occurring singly in families, the proportion of
children of both sexes under ten years of age is low and that of
adult females excessively high. Among cases occurring two or
more in one family the proportion of young children is proportion-
ately high, especially among males.

Parr II. 14. While apparently authentie sporadic cases of
pellagra within the county can be traced back to as early as 1894,
the disease does not appear to have occurred in any great number
of cases in any year until 1908. Since 1908 the incidence-rate
appears to have rapidly increased each year to 1911. The number
of new cases developing in 1911 appears to have been slightly
greater than in 1912.

15. There was no evidence pointing to any spring and fall
recrudescence of the disease in the population so frequently re-
ferred to in the literature of pellagra. There is no particularly
marked tendency for the seasonal recurrence to appear in an indi-
vidual during the same month, year after year.

16. Influence of Climate. Climatic conditions appear to influence
the development of symptoms of the disease. If during the spring
months precipitation is high, temperature low, and number of
rainy days excessive, the appearance of acute symptoms, more
particularly those involving the skin, 1s delayed.

17. Symptomatology. It would appear that three or four years
ago a large proportion of the cases observed in the county presented
intestinal and nervous symptoms of great severity. In 1912, in
many. instances, symptoms were quite mild, and spmetimes were
confined almost exclusively to the cutaneous system, the disease
appearing to be of a less virulent type in 1912 than in previous
Vears.

18. Economic Status. In the majortiy of cases (83 per cent.)
economic conditions are poor and the disease is most prevalent
among people of insufficient means.

19. Predisposing Diseases. General health conditions in child-
hood do not appear to warrant consideration as etiological factors
when the disease develops in adult life. In a number of cases the
development of pellagrous symptoms in children was preceded
by one of the acute exanthematous diseases of childhood. About
one-fourth of the cases gave a history of a preceding chronic disease
in adult life. In more than one-half of the cases (62 per cent.)
the history was that of good health. Among adult females, those
most affected were married women (86 per cent.), and 86 per cent.
of the married women had borne children.
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A history of illness immediately preceding the development of
pellagra was elicited in 59 per cent. of the cases.

20. Hygiene and Sanilation of Houses and Premises. The most
unsanitary condition found in the county is the absence of properly
constructed privies. Outside of a part of the city of Spartanburg
which is *»upphed by a water-carriage sewage system, there is no
effective provision in the county for the proper dlspmal of human
excreta. A second striking unsanitary condition is the almost
complete absence of effective screening of dwellings.

These two conditions present a situation highly favorable to the
transmission of disease organisms eliminated in the excreta, both
by direct contamination of food and person and by insects. This
situation is naturally aggravated in the mill-villages and small
towns by the greater congestion of houses. The absence of effective
screening for dwellings gives rise to conditions conducive to the
possible transfer of diseases transmitted by biting insects.

21. Dietary. Observations upon the habitual use of the more
common foodstuffs failed to discover any points of difference be-
tween pellagrins and non-pellagrins in the county or any facts
which would seem to explain the strikingly greater prevalence of
pellagra among certain classes of the population.

The most striking defect in the general dietary of the working
classes, appears to be the limited use of fresh meats, the animal
proteid being supplied largely in the form of cured meats, of which
salt pork (especially bacon) is the most important.

Unhygienic preparation of food appears to be a probable impor-
tant factor in the general health of the population.

Investigation of the kind, quantity, and qualtiy of corn and corn
products used in the county failed to bring to light any epidemi-
ological evidence pointing to the agency of corn as an etiological
factor in the disease. The presence of two eases in our series giving
a definite history of no corn consumption within two years prior
to the onset of symptoms, together with several other cases in which
corn products were eaten, if at all, only in small quantity and at
extremely rare intervals, would seem to argue strongly against
any hypothesis that corn products alone are the causative agent
of the disease.
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AN INTENSIVE STUDY OF INSECTS AS A POSSIBLE
ETIOLOGIC FACTOR IN PELLAGRA.!

By Avran H. JENNINGS

ANIY

W. V. Kinag,

BUREAT OF EXNTOMOLOGY, UNITED STATES DEPARTMENT OF AGHICULTURE, WASHINGTON, D. C.

In 1911, Dr. J. W. Babeock, Superintendent of the State Hospital
for the Insane at Columbia, South Carolina, brought to the atten-
tion of the State authorities, the desirability of an investigation
into the prevalence and etiology of pellagra.

Following this action, through the initiative of Dr. J. A. Hayne,
Secretary of the State Board of Health and Representatives A. I.
Lever and Joseph T. Johnson of South Carolina, the writers were,
early in 1912, assigned by Dr. L. O. Howard, Chief of the Bureau
of Entomology, United States Department of Agriculture, under the
direction of Mr. W. D. Hunter, of the Bureau, to investigate the
possible relation of insects to pellagra and to gather such data as
might serve to indicate whether there was ground for the assump-
tion that blood-sucking or other arthropods were involved in the
transmission of pellagra in South Carolina.

After several months’ work in various parts of the State, we were
afforded opportunity to cotperate with the Thompson-McFadden
Pellagra Commission of the Department of Tropical Medicine of
the New York Post-Graduate School upoen its arrival in Spartan-
burg County. From June 15 until the middle of October, our own
studies were carried on in Spartanburg County in collaboration
with this Commission, and it is with this portion of our field work
that the present preliminary report has to deal.

These studies included the investigation of the premises of
pellagrins and of the neighborhoods in which they resided, with
special reference to the presence, distribution, and biologies of
such insect groups and species as appeared worthy of consideration,
after careful study of the conditions.

To this end, we visited the houses of as many as possible of the
cases studied by the Commission, and made minute cbservations

I Reprinted from the Americnn Journal of the Medieal SBciences, Ssptember, 1013, No. 4,
vol. exlvi, p. 411.
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of the insect fauna. The patients and their families were questioned
in order to obtain such histories as they could give of the attacks
or presence of insects and their general experience in regard to the
pests with which they were familiar. In many instances the houses
were visited more than once, and comparative observations were
made under varying conditions. In some instances, the studies were
extended to the homes of the non-pellagrous inhabitants of mill
villages and elsewhere and the data thus gathered were used to
confirm and extend the information obtained from the patients
themselves. Sanitary and other conditions which might have a
bearing upon the presence or abundance of insects were noted,
and the more remote surroundings were inspected and studied
in connection with such forms of insect life, oceurring in such
situations, as might influence the pellagra focus under investigation.
When this focus was of considerable importance, with marked
incidence of the disease, the neighborhood, as a whole, was investi-
gated comprehensively and all pessible facts bearing upon the
situation were noted.

As a rule, the persons interviewed were ready to give such in-
formation as they possessed regarding the insect pests with which
they came in contact. It was fully realized that popular obser-
vations of this nature are liable to be highly inaccurate. Great
care was therefore exercised in making the inquiries and in sifting
the information obtained. Only such reports were recorded as
gave evidence of reliability and elearly referred to the insect which
was the subject of the inquiry.

The breeding of certain insects was attempted, but owing to the
character of the available facilities and the exactions of the active
field work, but meagre results were obtained. This phase of the
investigation was therefore unavoidably subordinated to that of
the entomological side of the general epidemioclogical study.

CaaracTER AND Economic CONDITION OF SPARTANBURG
County. The following deseription of Spartanburg County and
its climate is quoted from the preliminary report of the Thompson-
McFadden Pellagra Commission:®

“Spartanburg County is situated in the northern or Piedmont
section of South Carolina. It is forty miles long in a north-south
direction, thirty miles from east to west, and contains 762 square
miles. Its surface is hilly and broken by a network of small streams
and by four rivers which, with their tributaries, flow across the
country in a southeasterly direction, one of these rivers forming
the county line of the south. The elevation above sea level at
Spartanburg, the county seat, is 875 feet. To the northwest, the
slope is upward, the northwest corner of the county heing situated
at the foot of the Blue Mountain range, while to the south and east

# Epidemiological Studies, Part 1., AmeR. Jous. Mep. Secr., July, 1913, pp 44-435,
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the elevation becomes somewhat lower than at Spartanburg, but
with no precipitate fall, the whole county thus resting upon a
plateau over 700 feet above sea level.”

There are no considerable swamps or marshes, and small areas
of boggy ground in the neighborhood of streams, while not uncom-
mon, were generally found to be negligible in connection with the
breeding of insects of economic importance.

“The annual mean temperature, as recorded at Spartanburg, is
60° F. While the winters are mild, killing frosts are apt to occur
from November to March inclusive, and the normal mean tem-
perature for the months of December, January, and February is
about 42° F,

“The total population of the county is 83,465. Spartanburg,
with a population of 17,517, is the only city in the county, the
remaining population (65,948) being distributed on farms, in cotton-
mill villages, and among eleven small towns, only two of which
have over 1000 inhabitants. The density of population, as a whole,
15 109 per square mile; for the rural population (2. e., outside of
Spartanburg City), it 1s 86.5. While in South Carolina, as a whole,
the negroes form 55 per cent. of the total population, in Spartanburg
County the whites predominate numerically in the proportion of
somewhat over two whites to one negro, there being a white popu-
lation of 57,055, and 26,410 negroes, the percentage being 68.4
per cent. whites, and 31.6 per cent. negroes.”

“The chief industry, and almost the only industry conducted
upon a large scale, is that connected with the cotton mills. There
are twenty-eight cotton mills in the county, each mill supporting
its own village. These mills give employment to approximately
10,000 operatives, representing about 4000 families, and a total
mill-village population of about 20,000.”

Ermemiorogy. The epidemiology of pellagra in Spartanburg
County presents certain features which have a distinet bearing
u_[:u:-:; the subject of insect transmission, and may be briefly summa-
rized.

The cases considered in this report are distributed among the
population as follows: DMill, 151 cases; rural, 77 cases; and urban,
2l cases.

Divided according to sex, there are: Male cases 71, or 25 per cent.,
female cases 211, or 75 per cent., or three females to one male.

These are distributed as follows: Mill cases, males, 38; females,
113. Rural, males, 19; females, 58. Urban, males, 11; females,
40).

The racial distribution shows 257 cases among the whites to
25 among the negroes, a ratio of 10 to 1.

The economic condition of the cases may be thus summarized:
85 per cent. were in poor circumstances; 15 per cent. were com-
fortable; and 2 per cent. were affluent.
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affected, the percentages of these groups being 13.6 and 52 re-
spectively. Thus it is seen that a close correlation appears to exist
between pellagrous incidence and the amount of time spent in or
about the home, and that this holds, not only when the sexes are
compared, but within the sexes, themselves.

A marked characteristic of pellagra in all countries is its rural
nature. Although the disease sometimes appears to originate in
cities of considerable size, an analysis of conditions in such cities
will usually, if not always, show that in certain important aspects,
the rural element governing the presence and abundance of insects
1s predominant.

Isolated sporadic cases of a disease are highly suggestive of an
insect carrier, under certain cireumstances, especially when ex-
posure of the individual to infection by association with other cases
may be excluded. The suggestiveness is strengthened, in the
case of pellagra, by the existing evidence against direct contagion
and also by the low degree of infectiousness which the disease
appears to exhibit.

Another fact which may point to the agency of an insect in
pellagra transmission, is the occurrence of several cases in a single
family, and this frequently happens. It is obvious that the close
association of persons constituting the household would increase the
opportunity for transmission by predatory insects. This feature
is emphasized by what appears to be a definite chronological
connection between such cases.

At the same time, the large number of instances in which but a
single member of a household is affected, does not preclude the
same possibility. It is conceivable that by reason of habits or
constitution, the unaffected members, might, for a time, altogether
escape infection. Or, scarcity of the insect carriers, especially if
conditions favor their free entrance into and departure from the
house, may lessen the chances of transmission within the home.

Attention may be directed to some features of the epidemiology
of pellagra which suggest a certain analogy to those of two other
diseases, viz., malaria, an insect-borne protozoal disease often of
chronic character; and acute anterior poliomyelitis, which, as
apparently shown by certain recent experiments, may be trans-
mitted by biting flies, thus strongly indicating at least one of the
channels for the communication of that disease.

The seasonal recurrence of pellagra and its period of greatest
development during the summer months, the period of greatest
insect activity, finds an approximately similar condition in malaria
and probably a greater similarity in the case of poliomyelitis.
Both of these diseases are largely of rural origin, as is pellagra.
Poliomyelitis, moreover, is marked by the occurrence of sporadic
cases, not to be explained by contact infection and there is a lack
of evidence of direct contagion, two facts which are true of pellagra.
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Tue Insecrs Stupiep.  While the object of our investigation
was the study of all insects which may have any part in the trans-
mission of pellagra, it was realized that a careful consideration of
conditions and of the insect fauna would inevitably narrow the
field to a few genera and species. It became clear that efforts
might safely be concentrated upon a few groups of insects, mostly
of blood-sucking habits. Keeping in view the conditions which
are imposed by the facts of disease transmission by insects, the
following groups were given careful attention: Diptera, or two-
winged flies; Hemiptera, including the lice and bed-bugs; Sipho-
naptera, or fleas, and Acarina, or ticks. Some attention was also
paid to the roaches, Blattidse.

Acarina. The ticks of the family Ixodidee must be mentioned,
although their importance in this connection is negatived by their
habits, life history and the infrequency with which the persons
who suffer most from pellagra appear to come in contact with these
arthropods in Spartanburg County.

It will be remembered that most ticks of the family Ixodides
(no members of the family Argasidie oceur in Spartanburg County)
require three hosts during their period of development, dropping
to the ground on the completion of each stage and reattaching
themselves to another host, sometimes of a totally different species,
when they have advanced to the next stage of their existence.
The chances of any tick of this group attaching to successive
human hosts are remote. It is unusual for these parasites to remain
undiscovered on man long enough to complete the stage during
which attachment was effected. Almost certainly they are removed
and killed and transmission of infection from the first host thereby
prevented. The presence of animal reservoirs of infection would
therefore seem to offer the only means by which this disease could
be transmitted by the group of ticks mentioned and there is no
indication that such reservoirs exist. Reports from pellagrins and
non-pellagrins of attacks by ticks were rare and in the course of the
work only two lots of ticks were collected, one lot from dog and
one on the clothing of man. Many dogs and other animals were
examined and the indieation is that the tick infestation of the
country is light. Amblyomma americanum and Dermacentor varia-
bilis probably occur in the eounty. The usual hosts of these species
are dogs but they are known to attach to man.

It is impossible to explain the sex incidence of pellagra by the
inerimination of ticks, men being obviously more exposed to their
attack than women. In view of this fact and the lack of evidence
that animals are subject to and can serve as reservoirs of pellagrous
infection, the almost certain death of all ixodid ticks which bite
human beings, together with the equal certainty that not all pellagra
sufferers in the region can have been exposed to the bites of ticks,
these arthropods can safely be excluded from among the possible
factors of pellagra transmission.

.
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PepicuLus VEsTiMENTI AND Caprris. Head lice (Pediculus capitis)
were locally said to be far from rare among certain classes of the
population, but this statement is not borne out by our observations
or by reports received. Only one or two reports of previous experi-
ence with the parasite could be obtained, and the writers saw but
one case of actual infestation. As reports regarding such insects
as bed-bugs and fleas were usually frankly given, it seems hardly
probable that reticence could account for the many negative reports
in regard to Pediculus. We are forced to believe that whatever
may be its prevalence, it is far from universal and entirely inade-
quate as a possible agent in the transmission of the disease. That
a wingless insect with the habits and associations of the head
louse can be the cause of infection in any but a very limited class
of cases, is scarcely to be eredited, and such an inference leaves
the question of female preponderance and sporadic cases unsatis-
factorily answered. _

It is well known that head lice will, upon occasion, be transferred
from infested to clean persons, but observations indicate that unless
the infestation is gross or the association of persons is intimate
such transfer of the parasite is not particularly common, and this is
borne out by the experience of persons of ordinarily careful habits.
We are unable to see that the head louse can be inecriminated
when we consider its rare oceurrence upon persons of fastidious
habits, who yet furnish an appreciable number of cases of pellagra.

No reports of Pediculus vestimenii were received and no obser-
vations of the species were made. The evident rarity of the species
as well as its habits exelude it from consideration as definitely as
the foregoing.

CmeEx Lecturarius. The bed-bug (Cimexr lectularius) was
found to be of practically universal oecurrence in the houses of the
largest class of pellagrins of the region. Of 256 reports received
from pellagrins, the actual presence or recent attacks of bed-bugs
were admitted in 241 instances. Only 15 persons denied that they
had been exposed to this pest, and from their known prevalence
in the mill villages and elsewhere some doubt may be entertained
as to the accuracy of at least some of the negative reports.

Concerning the incrimination of Cimez in pellagra transmission,
there is one fact which alone is sufficient to indicate its innocence.
This is the sex incidence of the disease. It has never been shown
that Cimex attacks females more frequently than males, certainly
not in the proportion of 3 to 1, or if adults in the prime of life
are considered, of 9 to 1. If this is not the case, the explanation of
transmission by the insect is unsatisfactory. In the often crowded,
badly infested, and none too cleanly homes of a considerable class
of pellagra sufferers, indiseriminate attacks of the insect are greatly
facilitated and must certainly be made upon the inmates without
regard to age or sex.
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It is well known that the bed-bug has the power to endure star-
vation for extended periods, and nothing is more difficult than
eradiction of the pest when it has once taken possession of a build-
ing. If it were capable of conveying pellagrous infection, these
qualities might account for what has been termed the “place
infection” of pellagra. At this time, proof is lacking of such a source
of infeetion, but should it be shown to exist, the facts of sex inci-
dence just cited together with the oceurrence of but one case in a
family in many instances must stand oppoesed to inerimination of
the insect.

While but 2 per cent. of the pellagra cases studied were in affluent
circumstances, others of this class have come to our notice in other
localities, and it may be asserted that such cases are by no means
rare. It cannot be questioned that the habits of life and general
associations of such persons greatly minimize the possibility of their
infection having been brought about through the agency of the
bed-bug.

Specimens of this species were collected in connection with some
cases, but no special effort was made to do so in the majority of
instances. No systematic search for a causative organism was
being prosecuted nor transmission experiments carried on in the
field. It was therefore considered that the value of actual collec-
tions of bed-bugs, systematically made, hardly justified the time
required and the interruption caused to the routine pursued in
securing case histories of pellagrins. In addition, the positive
reports generally received, supported by oecasional collections
seemed amply sufficient to establish the almost universal presence
of the pest.

Brarrmax. Of roaches, only the common cockroach, Periplanetfa
orientalis and the smaller Blatfella germanica were encountered.
These disagreeable household pests were found to be abundant
and generally distributed, but nothing remarkable was noted in
their relations to the homes of pellagra cases or of the population
in general.

Though armed with strong, biting jaws which enable the insects
to commit serious injury to leather and other substances there are
few accounts in the literature of attacks upon human beings, and
these seem to be confined to nibbling of toenails, eyelashes, ete.
Even such as they are, attacks upon man must be considered
exceedingly rare, and they cannot be considered a factor in trans-
mission.

The well known habit of roaches of frequenting kitchens and
larders, their omnivorous habits, and the inefficient protection of
food too frequently practised by the classes who suffer most from
pellagra suggest the possibility of its transmission by food contami-
nation. If such means is possible the part played by the insects
must be far less important than that of house flies, for the exposure
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of food to the latter is unquestionably greater and the carriage of
fecal matter far more regular and constant than can be the
case with roaches. Certain experiments conducted by one ol us
(A. H. J.) indicate that roaches will not readily feed upon such
material and under normal conditions their opportunities for the
contamination of foodstuffs with human excreta are far less than
those afforded house flies.

Roaches can, therefore, not be considered an important element
in pellagra causation and must be considered in the same category
with, but far inferior to, the house fly.

Tapanme. Flies of the family Tabanid®, which includes the
well-known horse-flies, were rare in Spartanburg County during
the season of 1912. One or two specimens of Tabanus afratus (Y)
were seen flying about our automobile while in motion, but none
were captured. Only two specimens of Tabanide were collected
in Spartanburg County and these were unfortunately lost before
exact determinations were made. The flies of this group are
primarily a pest of the larger domestic and also of wild animals
in localities where the latter are found, and their habits are such
as to exclude them from the possibility of an active role in pellagra
transmission. In localities where Tabanidz are numerous the biting
of human beings is by no means uncommon, yet even in such
regions bites are scarcely received with the frequency and regularity
which are essential to the transmission of human disease in the
absence of an animal reservoir of infection.

The comparative scarcity of these flies in Spartanburg County
where pellagra is prevalent is the reverse of the conditions of the
country near the Atlantic coast where tabanids are exceedingly
numerous and pellagra comparatively rare.

SIPHONAPTERA. In our studies, fleas were given particular atten-
tion on account of their known role as carriers of certain diseases
and the fact that in certain localities they are very abundant and
annoying pests.

It must be understood that, except where otherwise stated
observations and conclusions regarding fleas refer strictly to con-
ditions in Spartanburg County.

Somewhat to our surprise we found that, in the region studied,
fleas, so far as attack on human beings is concerned, seemed to
be almost of negligible importance. Reports were obtained from
154 pellagra patients or their families and of these but 10 gave
positive accounts of attacks by these insects. Assuming that
the reports were reliable, this may seem a remarkable condition,
and allowing for a certain percentage of inaccuracy it is still prac-
tically certain that these insects are not a universal or constant
pest of human beings in the locality.

While persistent attacks of fleas upon man are comparatively
infrequent in Spartanburg County, they are much more common



a0

in the low sandy country lying between the Piedmont region and
the coast. In the latter section the prevalence of pellagra is slight
when compared with the region of which Spartanburg County is a
part.

The human flea, Pulex trritans, is uncommon even if it exists
in Spartanburg County. We failed to find this species upon any
of the numerous animals examined, nor did we succeed in collecting
it from human beings.

Ctenocephalus canis and Ctenocephalus felis were taken on
numerous dogs and cats. FEchidnophage gallinacea, the chicken
flea, is a not uncommon pest of fowls, occurs with some frequency
upon cats, dogs, and domestic rabbits, and in one instance, a report
of its attack upon human beings was obtained.

In view of the fact that cats and dogs are very commonly kept,
and that these animals were found to be practically always heavily
infested with their respective fleas, it might be assumed that
attacks upon human beings would he of common occurrence.
Several reasons for doubting this assumption may be advanced.
While the cat and dog fleas are less fastidious in their choice of
host and more tolerant of abnormal host species than many other
fleas, it is nevertheless quite certain that these species are less
frequently a human pest than is usually supposed. Attacks by
them upon man are not uncommon, hut under ordinary conditions,
even in the presence of infested animals, it by no means follows
that persons associating with the animals will be infested.

It has been personally noted by one of us, in another locality,
that in a house in which cats heavily infested by Clenocephalus
felis were kept, the fleas which were a frequent source of annoyance
to the human inhabitants were all found to be Pulex irrifans.
Eggs from the flea-infested, long-haired cats must have been freely
dropped about the floors, which offered excellent conditions for
the development of the insects. It is equally certain that adult
fleas were lost from their feline hosts, yet during a period of more
than a year, every flea which annoyed the members of the house-
hold was carefully sought for and collected. They were all Pulex
irritans and it is noteworthy that their attacks were usually made
at night.

This extreme instance is ecited to indicate that except at times
of unusual abundance the fleas of domestic animals are not likely
to attack human beings freely. It i1s true that individual fleas
of cats and dogs ordinarily remain on human hosts but a short
time, frequently leave him without biting and are probably but
rarely transferred directly from man to man, factors which would
tend to lessen the probability of their acting as carriers of a purely
human disease.

The number of domestic animals kept by pellagrins or their
families is of interest in this conneetion. Of 227 instances in which

1
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notes were made regarding the keeping of the smaller flea-bearing
domestic animals, cats or dogs were kept in 120 cases, or 53 per
cent., while none were kept in 107, or 47 per cent., of cases. This
is significant in connection with the host habits of fleas which have
just been discussed. If human beings in Spartanburg County
are freely and regularly attacked by fleas derived from cats or
dogs, which are usually heavily infested, it seems remarkable that
in so few instances were the keepers of these animals able to report
their noticeable presence.

Of the 10 cases reporting attacks of fleas, dogs or cats were kept
in O instances and none were kept by but one family. This is too
small a number upon which to base conclusions. There were 149
cases in which data were secured on both the keeping of cats or
dogs and the attacks of fleas. Animals were present in the houses
of 78 of these cases and absent in 71. Of the former, 9 reported
attacks of fleas, while, of those who kept no animals, but 1 gave
such a history. The ratio of the number of reported attacks, by
families in which eats or dogs were kept, to those by families with
none of these animals is therefore 9 to 1 and seems to indicate
that when fleas are troublesome, domestic animals are the usual
source. In connection with the figures relative to the number of
animals kept, it is also indicated that these animals by no means
always cause the infestation of their human associates.

Sixty families who kept domestic animals and 70 who kept none,
reported no attacks of fleas.

The presence of rats was reported in 38 cases, and of mice in
124. In spite of efforts to secure specimens of rat fleas, it was
possible to do so in only one instance so that the degree of infes-
tation of the rats of the region and the species oceurring upon them
could not be learned. The single rat secured has been determined
as a cross between Mus raftus and Mus alexandrinus. The fleas
with which this rat was infested proved to be Xenopsylla cheopis,
the Indian rat flea. The occurrence of this flea at a point so far
inland is interesting as is the species of its host, an animal with
which it is intimately associated in the East and in many parts of
its littoral range.

The facts opposed to the incrimination of fleas in pellagra trans-
mission are: those of the sex incidence of the disease, its association
with the home, the host habits of fleas, the comparative infrequency
of their attacks upon human beings in the districts suffering most
heavily from the disease and the inverse ratio of their abundance
to the occurrence of pellagra.

In consideration of these facts it is impossible to base any satis-
factory theory of transmission upon the agency of these insects.

Curicipa. The abundance of mosquitoes, both of species and
individuals, their ageney in the transmission of important human
diseases, their persistence in seeking blood and, in certain instances,
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their close association with man cause these troublesome pests to
assume a position of the highest economie importance.

Although present to a greater or less degree in most parts of
Spartanburg County, they are few in number in comparison with
those present in many less favored localities. The topographical
features of the district have much to do with this condition, and
owing to the conformation of the land and the character of its
drainage, extensive breeding areas do not exist.

When this group is considered in connection with the possibility
of pellagra transmission, certain salient facts are to be noted.

The longevity with which some mosquitoes are known to be
endowed, their great abundance and the predilection displayed by
certain species for man's vicintiy, appear to fully qualify these
insects for the role of transmitters of human disease. This is amply
shown to be true by the number of diseases which are transmitted
by them.

Furthermore, mosquitoes are readily transported in various ways
other than by their own flight to places far distant from their origi-
nal habitat, with the attendent possibility of spreading infection.

Their power of flight renders tke carriage of infection from house
to house an easy matter, although the distance travelled is prob-
ably not great in the case of house mosquitoes and ordinarily the
radius of infection conveyed by them would be correspondingly short.

It is unquestionably an argument, though not necessarily a
conclusive one, against the incrimination of mosquitoes in pellagra
transmission that no one species, oceurring in endemic regions, has
a range as wide as the geographical distribution of the disease
and different species would necessarily (if the group be incriminated)
assume the role of transmitters in different parts of the endemic area.

It is possible, were pellagra transmissible by mosquitoes, that
several species might have the power to transmit the disease, yet
there is often a high degree of specialization in insect vectors.
In view of the nice physiologic adjustment between the insect
host and 1ts parasite, which is evidently necessary to the funetion
of transmission, the foregoing assumption is not necessarily valid.

The most important fact which is opposed to the agency of these
insects is the preponderance of cases among females and especially
among home-keeping females. If, as indicated, the disparity is
due to the greater exposure of women to infection, a cause must
be sought which affects this class only and excludes those classes
which show a low pellagrous incidence. In other words, the cause
must be active in the day time when housewives, children, and old
men are largely at home and which does not operate at night when
all ages and sexes of the household are within the home influence.
It 1s illogical to seek the cause in an insect whose activities are
confined to the night hours, however well it may otherwise conform
to the epidemiological and other facts of the disease.




95

It is to be noted, as we have said, that while mosquitoes are,
comparatively speaking, not abundant in the Piedmont region
where pellagra abounds, they are a more serious pest and infimtely
more numerous in the low-lying country near the coast where
pellagra, though not absent, is by no means abundant.

While a very considerable number of our cases reported attacks
of mosquitoes, more than an appreciable percentage of these re-
ferred to localities beyond the bounds of our terrritoy, largely to
places in the low country below the Piedmont.

The scarcity of mosquitoes was noted by all members of the
party and it is highly probable that their number falls short of
that required for effective disease transmission. It is admitted
that diseases fail of transmission and cease to exist even in the
presence of their known carriers when the number of the carriers
falls below a definite point.

Certainly, it will hardly he asserted that a group of insects,
represented so sparingly as are mosquitoes in this locality, can be
the agent of causation of a disease having the activity displayed
by pellagra in this region at the present time.

Culex quinquefasciaius and Culex restuans arve the principal
species recorded by us. €. quinquefasciaius was taken at a number
of points and is, as might be expected, widely distributed in the
county. Some water barrels were heavily infested and were pro-
ducing enough mosquitoes to infest the entire immediate neighbor-
hood. (. restuans is rather widely distributed and probably ranks
with €. quinguefasciatus, as a general nuisance. Aedes calopus,
the vellow fever mosquito was not taken within the county
although quite ample facilities for its propagation exist. It is
undoubtedly introduced, probably every year, but appears not
to be a constant resident, the winters being usually too severe to
admit of its survival. It can have no importance in the present
connection in spite of its day biting proclivities and house haunting
habits. Its geographical range is not as wide as the distribution
of pellagra and it thrives as well in large cities as in small.

Spartanburg County bears the reputation of being almost entirely
free from malaria, a reputation sustained by the small number and
especially the character of the anopheline mosquitoes recorded by
us. Anopheles erucians, a host of the estivo-autumnal parasite was
encountered but onee. The only other species observed was Ano-
pheles punctipennis whose inerimination in malaria transmission
remains somewhat doubtful. This species was met with chiefly
in the vicinity of Spartanburg, a place whose physicians unani-
mously declare to be free from endemic malaria.  Of 240 pellagra
patients questioned as to the biting of mosquitoes, 160 gave positive
reports while 40 only were negative.

Smvvnipmg. Although but recently ineriminated in disease trans-
mission, the flies of the genus Simulium have long been known in
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both Europe and America as a serious pest of man and animals,
their visitations assuming in certain regions the proportions of a
scourge., Much has been written regarding their blood-thirstiness
and the infolerable nature of their onslaughts, the heavy loss
occasioned among all kinds of domestic animals and even the death
of human beings. Some of the accounts of their depredations seem
to bear the stamp of a vivid imagination, but the more conservative
and scientific statements, especially those of later years, are suffi-
cient warrant for classing them among the more important and
blood-thirsty of predaceous insects.

The attractive theory propounded and defended by Sambon,
that these gnats are the active agents in the causation of pellagra
has brought them into prominence from a new point of view.

He bases his belief in the agency of the Simuliida upon the follow-
ing: Stmulium affects the same topographical conditions as pellagra;
in its adult state, it seems to present the same seasonal incidence;
it is found only in rural districts and, as a rule, does not enter towns,
villages, and houses; these flies cause severe epizoitics in Europe
and America. The disease, he finds, is limited to agricultural
laborers (to be explained satisfactorily only by the incrimination
of the gnats); the range of the group seems to cover that of
pellagra, although indeed it exceeds it.*

Knab has pointed out that close association with man is one of
the essential factors in disease transmission by insects, when, as
premised by Sambon in the case of pellagra, the disease is of para-
sitic origin and the organism is present in the blood stream.

Stmuliwm inhabits regions in which pellagra is endemic and in
many well-watered localities presents a picture of distribution which
completely covers every part of large areas. [ts numbers are often
great enough to cause annoyance and even injury to all warm-
blooded inhabitants, yet in spite of these phenomena it can not
be said to show the association with man to which we have referred.
The species of Stmulium are essentially “wild” and there is no
evidence, in what is known of their life history and habits, that
repeated attacks on human beings with intervening periods of,
at least, several days can take place with sufficient frequency to
confer upon the insect the character of an effective disease tran-
mitter. As Knab cogently insists: “It is not sufficient that occas-
ional specimens bite man, as for example, is the case with forest
mosquitoes. Although a person may be bitten by a large number
of such mosquitoes, the chances that any of these mosquitoes will
survive to develop the parasites in question (assuming such develop-
ment to be possible) and then find opportunity to bite and infect
another person are altogether too remote.””

i L. W. Sambon, Progress Report Investigation Pellagea, Jour. Trop. Mad. and Hye., October

b, 1910, xiii, Mo, 19,
i Frederick IKnab, UUnconsidered Factors in Discase Transmizsion by Blood-Sucking Insects,

Jour. Econ, Ent., 1912, v, No, 2
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Although Knab cites, as an example, the forest _mn;qquitnes, the
principle is of wide application and includes within its scope the
species of Stmulium, which, indeed, he excludes upon this very
ground, from consideration as potential transmitters of dlstil:“sﬂ.

It must be borne in mind that the essential factor here, 1s not
the possibility that an occasional individual might sometimes be
able to fulfil these conditions, but rather that the group lacks the
habits (of close association with man) necessary to the establish-
ment of the biologie relations between the vertebrate host, the
invertebrate host, and the parasite of the disease.

Our observations of the group in Spartanburg County are strongly
corroborative of the foregoing. We found Stmulium breeding near
or even within the limits of mill villages as well as of towns, but
we failed to detect the slightest disposition on their part to seek
out and attack man, to come about his dwellings, or to come in
contact with him in any but the most casual and incidental manner.

Fig. 1, —8trenm nt ::r]gq of mall '.-'J'|||'|i,'¢. A IJI'l:l‘:'{HHH ]::Lm!i_.' of Stmuliim sentalum,

The assertion that these flies cause severe epizoditics is certainly
not supported as regards America, at least. The heavy loss of
domestic animals which occurs during severe visitations of the
gnats can not be attributed to any specific disease which is com-
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municated by them. All the evidence indicates that death is caused
by the venom injected and by the worry and irritation occasioned
by the myrad bites.®

Individuals are carried to or through mill villages as well as
other communities, upon animals (in the ears of horses and to a
less extent on cattle). This might be a limited source of supply
for localities removed from the viecinity of the breeding grounds of
the fly. However, it is not even known that, after a full engorge-
ment, the female will seek a second blood meal. The extreme
degree with which the flies distend themselves with blood, when
undisturbed during biting, coupled with the probably short life
of the adult insect, suggest that they do not ordinarily bite again.?

Species of Simulium are unquestionably found in numbers in
large areas of country in which pellagra is rampant, but there is
evidence to show that, contrary to Sambon’s assumption, the dis-
ease 15 found where Stmulium i1s not. We have information that
pellagra oceurs endemically in Barbados and as vet not only has
no species of Simulium been found in the island, but its physical
characteristics entirely preclude the existence there of the fly."
There are arid regions in the United States in which the same
situation exists but under different conditions and there are still
other localities where these gnats are far too rare to satisfactorily
account for the cases of pellagra originating in them.

That the extension of the range of Simulium bevend the limits
of pellagrous endemicity is certainly, as Sambon says, no argument
against its incrimination for there are many localities inhabited
by insects with known powers of disease transmission, yet which
are entirely free from the diseases which these insects may confer.
In the absence of the human carrier of infection and the proper
conditions, the insect vectors are innocuous.

The seasonal appearance of Stmulium, which i1s supposed to
correspond with that of pellagra, is probably of less sigmificance
than has been assumed. The studies of the Commission have shown
that the spring-fall recrudescences of the disease do not oceur, with
the intensity aseribed, at least in the area under consideration,"
although the period of greatest abundance and activity of Simadium
appears to be here, as in Italy, the early spring. Until more light
is thrown upon the length of the incubation period of the disease,
which seems to be variable, assumptions as to the exact time at
which infection is incurred, must be received with reserve.

The disease is of essentially rural distribution but in South
Carolina, it oceurs in towns of considerable size. As has been

B V. Riley, The Soutliern Bulfalo Gnat, Iteport of Comm, Agric, Unitod States Dept.
Apgrie., 1850,

V(. ¥, Riloy ibid.

18 Parsonal letter from De. H, A, Ballou, TI"I_II_!ri.Il.I Enlﬂlu:}[ﬂui&l, Bnrhadm.

1T, F. Siler and P, E. Garrison, An Intensive Study of the Epidemiology of Pellagra, loo. eit.
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pointed out, in these places the rural element, as regards insect life,
is predominant and the conditions do not necessarily preclude the
occurrence of rural diseases.

In the classes of the population affected by pellagra, a very ma rked
contrast appears to exist between Furopean and American con-
ditions, if European reports are accurate. The practical confine-
ment of the disease in Italy to agricultural laborers, a class living
under conditions of abject poverty, finds no economic or occu-
pational parallel in America. Although, in Spartanburg County,
the farming class furnishes a considerable percentage of all cases,
the highest incidence of the disease is found among inhabitants
of mill villages, whose conditions and habits of life are radically
different in most essential features from those of the Italian peasant.

The fact that more than one species of Simulium would have to
be involved to cover the entire range of pellagra is not a convincing
argument against incrimination of the group but it lessens, to a
certain degree, the probability of their agency. (See page 92 on
mosquitoes.)

It seems to have been assumed that because the many streams
of a well-watered country are infested with the larve of Simulium,
the inhabitants of that country, especially those living in eclose
proximity to streams, must be exposed to and incur the bites of
the gnats. ;

Knowledge of the biting habits of the American species is in-
complete, but it is clear that some of these species show great
irregularity in their practice of seeking blood. The variation in
the exercise of this habit seems to have in it a large geographic,
or possibly, topographic element, for a species may be a serious
pest of man in one part of its range, yet seem to ignore him entirely
in another. Thus, Simulivm venustum, one of the so-called “black
flies” while proverbial for its onslaughts in the Maine woods, is
only moderately troublesome in the Adirondack Mountains. In
the mountains of Henderson County, North Carolina, these flies
were found by one of us to be exceedingly abundant but offering
no attack to man though this was courted. Sitting or standing
quietly with small swarms of the flies “dancing” about the bead,
no attempt was made to bite. This occurred both in the presence
and absence of animals which in the former case were being actively
attacked. Persons of intelligence who were questioned, denied
that the flies bite people and in only one instance was such a report
elicited. In this case the identity of the fly was open to question,
although probably a Stmaulium.

Similarly, Simuliwm vittatum is known to bite man in some parts
of its habitat, but on excellent authority it is stated, that in Idaho
it “does not bite people.”?

12 Parsonnl Letter from Prof. J. M. Aldrich.
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Such variation in biting habits i1s not without parallel among
blood-sucking flies, as Glossina palpalis is reported by Steudel to
bite man on Vietoria Lake but not on Lake Tanganyika.!®

This variability is of special significance, for it points to the falli-
bility of deductions based upon the mere presence of Simulium
larvee in a given locality without regard to the species represented
and the loeal biting habits of that species.

Simulium pictipes, a widely distributed and often abundant
species, does not bite man at all.

So numerous are the streams in the county that the homes of
275 pellagrins stood within an average distance of 210 yards from
running water, and 215 of these streams were found to be infested
with Stmulium.

Fia. 2—A typical breeding place of Stmeuliun guclipes,

In spite of this fact, but 16 cases reported attacks of flies, the
deseription of which eould with any probability of truth, be inter-
preted as referring to Stmulium. Great patience was exercised
in eliciting these reports and they were carefully weighed before
recording.

13 Steudel, Douteh. Kolonialblatt, 1912, 16 Mai, xxiii, No. 10, and Beihefte zum Archiv [.
Sohiffs und Tropenhygiens, 1912, Mai, Batheft 4.
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The distance of Simulium-infested streams from the homes of
11 cases reporting bites of the fly averaged 236 yards, no data as
to infestation of streams being available in 5 cases reporting bites.

The distance of Simulium-infested streams from the homes of
125 cases reporting no bites of the fly averaged 221 yards.

This difference in average distance is not actually great but it
is interesting nevertheless. It is a striking fact that so large a
number of persons living a shorter average distance, many within
a few vards, from infested streams should not have been bitten
and points forcibly, not only to the uncertain biting habits of
Simuliuwin, but to the lack of significance in the proximity of streams,
even when Stmulium-infested.

We may add that adult Simulium were collected in the immediate
neighborhood of 46 cases who reported no bites.

The tenor of these reports is amply corroborated by those of
many persons, including a considerable number who were especially
well qualified through intelligence and experience with the flies
in other localities or who had observed their attacks upon animals
in this.

[t cannot be questioned that as a pest of man in Spartanburg
County, the species of Stmulium are of small importance and that
at most their attacks are delivered locally and are few in number.
When comparison is made between this condition and that existing
in places (including Spartanburg County) infested by stable flies,
sand flies, mosquitoes, ete., the contrast is striking. These insects
are always well known, even when not abundant, as we have shown
in regard to mosquitoes in this locality. It is practically impossible
that Simulium could be present and bite man in sufficient numbers
and with enough persistence to satisfactorily explain the occurrence
and spread of pellagra without being a well recognized and familiar
pest.

Three species of the genus were encountered by us within the
limits of our territory, namely: Simulium venustum, S. ntfalum,
and S. pictipes.

The former is by far the most numerous and generally distributed
of the three. It was taken in its four stages, adults being collected
about twelve times, either in the act of attacking animals or of
ovipositing.

Stmulium vitlatum was taken in the larval, pupal, and adult
stages, and also probably in the egg. Adults were twice collected
while attacking horses or mules.

Swmulium pictipes occurs quite locally in large colonies where
suitable conditions exist. These consist of a rapid flow of clear
water over boulders and sheets of rock in the larger streams. Such
conditions are not very frequently met with in this vicinity owing
to the turbidity of most of the creeks and rivers of the locality.
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There are no records of this species attacking man and it need
not be considered in the present connection.

The facts as set forth above do not support the incrimination of
Simuliwm 1n the transmission of pellagra.

House anp Brow Fries. So abundant is the current literature
regarding the nature, habits, and pernicious activity of the house
fly, that a general discussion of this well known and troublesome
species seems superfluous. Its familiar role as an active mechanical
carrier of bacterial disease, however, renders it of the highest
economic importance and necessitates its consideration in the
present study. The possibility of the transmission of pellagra
by house flies through the contamination of food to which they
have access, or by direct mechanical transmission of the wirus
(if it exists) from man to man, is evident.

Museca domestica was present everywhere and was usually ex-
tremely numerous. Sanitary conditions were only too frequently
such as to attract, if not actually to breed, the filth-loving species
of flies, but in the more or less congested village and town com-
munities there was no strict correlation between the sanitary
condition of the individual premises and the numkber of flies present.
Even well-kept homes offered sufficient attraction to insure their
infestation by the flies which in every neighborhood were present
in large numbers.

In mill villages the principal source of house flies appeared to
be the accumulations of manure of horses and cattle at the stables
and sheds in which the draught animals of the mill companies and
the cows of the operatives were sheltered. In those villages in which
milch cows are allowed to be pastured and stabled indiseriminately
through the village, breeding occurred almost everywhere in the
haunts of the animals.

The type and condition of privies in mill villages are conducive
to the presence and breeding of this species as well as to the carrion
lies, Calliphora, Lucilia, and the Sarcophagide. Upon otherwise
cleanly premises, the privy was often a source from which flies
emanated and was a standing menace of infection.

Musea domestica was found in and about the homes of practic-
ally all of the cases studied as well as those of non-pellagrins. In
a very few instances case histories make no mention of the species,
but this is unquestionably due to inadvertence.

Until the transmissibility of pellagra is disproved or the nature
of its virus and the manner of its communication are known, the
house fly must be regarded with suspicion.

Stromoxys CavciTrans Liny. The biting stable fly is an insect
of cosmopolitan distribution and great economic importance. In
most localities within its habitat it is very abundant, and though it
feeds by preference upon domestic animals, man is very frequently
attacked. Attacks upon human beings are more common when the
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animals upon which it normally feeds are not available and its
onslaughts are often severe and persistent.

The injury inflicted upon live stock is often very serious and
many deaths are caused during the occasional outhbreaks of this
fly, which sometimes occur under unusual conditions favoring its
inordinate propagation. At all times it is a serious pest of animals
and has been incriminated in the transmission of trypanosomal
diseases of animals, anthrax in animals and man, and of anterior
poliomyelitis in man.

While Stomoxys is, as a rule, more abundant in country districts,
owing to the greater facilities for propagation which it finds in
the rural environment, it 15 usually common in towns and cities
of even the largest size. In the very heart of the great cities and
in such neighborhoods as practically preclude the possibility of
its breeding, it may be seen in considerable numbers along the
main thoroughfares. The wvicinity of markets and wharves is
especially likely to be heavily infested and this is the case even
when scrupulous scavenger work renders its propagation at the
spot impossible. The source of supply under such circumstances
may be far removed and the fly population maintained by the
constant arrival of individuals which aecompany animals on their
journeyings or which are guided by their sense of smell in inde-
pendent flights from more or less distant localities.

The stable fly will breed in unmixed manure of horses and cattle,
in such materials mingled with particles of straw and in rotting
straw alone. While we have repeatedly bred the stable fly in large
numbers from naturally infested, unmixed dung of horses and even
a few individuals from that of cattle, the observations of Bishopp
during a recent severe outbreak of the fly in north Texas, indicate
that decaying straw is the material most favorable to its propa-
gation. His careful work shows conclusively that in the order of
preference, the substances in which Stomoxys will breed are oat,
rice, barley, and wheat straw, horse manure, lot manure, and cow
manure; that pure horse and cow manure are less attractive to
the fly than when mixed with a considerable quantity of straw
and that under a combination of conditions of plentiful moisture
and abundance of rotting straw, breeding will oceur at its maximum
intensity. 4
, Similar observations have been made by Lucien Iches in Argen-
tina.'

There is a direct relation between the presence and numbers of
domestic animals and the abundance and distribution of this fly,
which wanders far from its breeding places in search of food and
will follow animals for long distances. This, however, 1s not its

"F, C. Bishopp, The Stable-Fly (Stomozys caleitrans L.), Jour, Econ. Ent., 1013, vi, No. 1.
18 Lucien [ches, Stomorps caleiirans L. et le betail Argentin., Bull, Soc. nation Aeclimat.,
Franes Ann., 1909,
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only means of dispersion, as steamships, passenger trains, and those
carrying live stock upon railroads are a common aid to its migration.
We have encountered the species under all these conditions and have
seen it carried for hours on the under side of an automobile top,
in spite of wind and jolting over rough roads. In the latter case,
the fly appeared to be full fed and, resting in this way after engorge-
ment, it would be more likely to remain in such a situation and to
be carried to a new locality. This is of special significance in con-
nection with disease transmission. It is evident that flies carried
in the ways mentioned, if infected or acquiring infection en route
would have the power to carry the disease to a new locality remote
from endemic foci. Particularly would this be the case if oppor-
tunity for feeding during the journey was lacking, as the hungry
fly would upon arrival immediately seek a meal of blood, human
or animal, and thus transmit the infection. An instance of the
persistence of Stomoxys caleitrans in seeking blood was observed by
us on the coast of South Carolina. The six occupants of a fishing
hoat were attacked, more than a mile from land, by numerous
flies which suddenly appeared and which had evidently not been
carried in the boat. It must be borne in mind that the stable fly
is not attracted to offensive substances, and the odors from the fish-
scented .boat can hardly have played a part in drawing the flies
so far from land. All the persons in the boat were bitten one or
more times and the bare-legged boatmen greatly annoyed. They
stated that such an occurrence was very common and that they
were frequently attacked when at sea. Stomoxys calcitrans is
very abundant along this line of seacoast and in the adjacent
country. The day was clear and hot with a gentle off-shore breeze.

Although primarily a pest of live-stock, infesting and breeding
in situations frequented by domestic animals, this fly often invades
dwellings. While indoors it attacks the human inhabitants and
we have even seen it more numerous in living rooms of mill dwellings
than the ever-present house fly. It must be understood that in
such cases the latter species was somewhat less numerous than
usual.

Stomoxys has the habit of utilizing several hosts in order to secure
a single meal, either from choice or because when dislodged by one
host it flies to another.'® This habit is important in connection with
disease transmission. Especially is this the case in the interior
of dwellings where all the members of the household would be
exposed to the infection, if transmissible, which might be carried
by one of its members.

It is, moreover, within the possibilities that a puncture of the

1, T. Brues and P. A. E. S8heppard, The Possible Etiologieal Relation of Certain Bitiog
I[nsecta to the Spread of Infantile Paralysis, Jour. Econ. Ent., 1012, v, No. 4; Herbert Osborn,
Insecta Affecting Domestic Animals, Bull. 5, N. 8. Bu. Ent. United States Dept. Agric,, 1506;
H. Maxwell-Lefroy, Biting Flies of India, 1807
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skin by an infected fy's proboscis might introduce the infection
although no blood is drawn. This has been shown to be experi-
mentally possible in the non-mechanical transmission of trypa-
nosomiasis by Glossina palpalis.”

As has been pointed out, the members of the household who
suffer most from pellagra are those who pass the most time In
the home or its vicinity in the day time and it is these members,
the females, who are most exposed during daylight hours to the
attacks of Stomoxys.

As we have stated, Stomozys calcitrans is not attracted by the
odors of putrefaction. Hog-pens and privies are not inviting to
it, nor is it apparently drawn to the nasal secretions of anmimals
nor presumably to those of man as is the house fly, this diserimi-
nation being of importance in connection with the carriage of certain
diseases.

/o
g T
i

Fra. 3.—A pasture provided by mill autherities for cows, ete. of operatives. Note cow-sheds,
hing-pens, and proximity of dwellings. The stream in foreground breeds Simulium,

The stable fly is exceedingly abundant and generally distributed
in Spartanburg County. In most of its geographical range the
species is of importance in its relation to live stock and, our studies
indicate, that it is also a pest of man with which it is necessary
to reckon. No part of the region is free from this fly and it may be
seen in numbers upon the streets of towns and villages, about
barnyards, modest dwellings, and pretentious residences. Every

17 A, D). Froser and H. L. Duke, Proc. Roy. Soo., August 24, 1012, Ser. B, lexxv, No. B, 581
Aba. Sleep. Sick. Bull, 1812, 4, No. 40
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team upon the roads is followed, and every cow in pasture or barn-
yard is constantly exposed to its attack during the daylight hours

As a part of the study devoted to this species, statements re-
garding its biting were obtained from as many persons as it was
possible to interview, the questions being put to pellagrins and
their families as well as to non-pellagrins. In obtaining reports
on the biting habits of the fly, great care was exercised not only to
be sure of the identity of the fly of which the individual was speak-
ing, but to suggest nothing which might influence the tenor of the
report. All reports were rejected which after careful consideration
seemed doubtful, either as to the identity of the insect or the
details of the statement.

Reports relative to the biting of Stomoxys were obtained from
227 pellagra patients and of these 115, or 50.7 per cent., gave
positive histories of attacks and to these should be added 10 from
members of families of pellagrins who could not themselves recall
having been bitten. In 112 cases, or 49.3 per cent., the patient
could remember no bites or was positive that none had been
inflicted.

In addition to the above reports, many persons not included
among our pellagra sufferers recounted experiences with the per-
sistence of attack and voracity of the fly.

Close attention was given to the presence of the fly in such
situations as would facilitate its attack upon the inmates of dwell-
ings of all descriptions, that is, its presence or ahsence about the
yards and premises, especially upon the outside of houses near
open, unscreened windows, upon porches, and the interiors of
dwellings. The distribution of the fly in the latter situation has
some significance, and observations were made to determine its
preference for different kinds of rooms.

Stomoxys was present about premises, yards, sides of house,
or porch of the homes of 136 pellagrins, being abundant in 94
instances.

An illustration of the universal distribution of the fly was seen
in a mill village which was studied with special care. This village
contained 113 inhabitated buildings, including the company’s store
and office. Stable flies were found about 103 of these buildings and
inside of several of them. It was found that the distribution varied
somewhat, houses seemingly free from the flies at the time of our
first visit would be infested at a later time, the reverse also being
true. Nevertheless, there were few dwellings about which indi-
viduals could not be found at any time and it is to be assumed that
they were present at all buildings more or less frequently.

For various reasons, it was quite often impossible to make a
careful search of the interiors of pellagrous dwellings and conditions
of weather, light, etc., were sometimes unfavorable to the presence
of the flies at the time of inspection and made their discovery

=y
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difficult. Enough observations of its presence were made to show
that invasion of human habitations is of common if not regular
occurrence.

[ts presence was noted in more than 30 dwellings of pellagrins,
in fully half of which it was abundant, and in one instance a partial
count showed 30 individuals.

The character of the rooms frequented by the fly has a bearing,
not only upon the opportunity for attack, but upon its general
habits. Strong preference was shown for the living rooms and in
more than half of the houses studied these were the only rooms
infested. In about one-fourth, flies were found in both living rooms
and kitchen, while in only one instance was the kitchen alone
infested and then by only one or two flies. In the houses of mill
workers the living room is usually also a bed room. Tt will be seen
that in case of illness or during moments of relaxation, the occupant
of a bed in a Stomoxys-infested room invites the attack of the fly.
It was evident that in addition to the odors of putrefaction, those
of cooking are not attractive to this species, which is in strong con-
trast to habits of the house fly. The difference in domestie habitat
of the two species is very striking, kitchens frequently swarming
with house flies where living rooms were only moderately infested,
the same houses showing infestation of Stomozys in living rooms
only.

MANAGEMENT oF LIvE-Stock 18 MiLL Viruaces, Erc. The rela-
tion of domestic animals, especially horses and cattle to the presence
and abundance of Stemoxys is so important, that a knowledge of the
number and management of these animals is essential to a study
of the bionomies and distribution of house and stable flies.

Cattle, horses, mules, and hogs are very commonly kept in
Spartanburg County especially upon farms, while in the cities,
towns, and hamlets, many of the non-farming residents maintain
milch cows and driving or draft animals. The inhabitants of the
mill villages also keep many cows, one cow to about three families
being a fair average.

Upon farms, the stables and sheds in which animals are housed
are usually placed about the barnyard at no great distance from
the dwelling. Manure is often allowed to accumulate, and the
floors of the outbuildings are frequently covered by a deep layer
of droppings, the fresher portions heavily infested with fly larve.
These conditions are by no means invariable and in many instances
manure is not allowed to accumulate about the stable or barnyard,
but is disposed of more or less promptly.

The definite allotment of land for purpeses of pasturage is not
invariable and, especially when but a few head of stock are main-
tained, they are pastured in a more or less indiseriminate fashion
upon waste land, in lanes, woods, and such situations as prevent
danger to growing crops. As a rule the milch cows are brought
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to the barn to be milked, and draught-stock is invariably stabled
and fed. Iogs are sometimes pastured but are frequently confined
to small yards or pens which, too often, are unsanitary in the
extreme and highly attractive to house and blow flies.

In cities and small towns, with the exception of the poorer
dwellings, many, if not most, residences are provided with a stable
in which a horse or cow, sometimes both, are sheltered. Depending
somewhat upon density of population, these animals may be
pastured upon vacant lots, road sides, and door yards or they may
be confined to small yards adjacent to the stable. The care given
the animals and their quarters varies greatly, but ample opportunity
for fly propagation occurs. Hogs are usually execluded from the
corporate limits of the larger communities.

In most of the mill villages there are no regulations regarding the
keeping of domestie animals, including hogs. Cows are pastured
indiseriminately about streets and village lots. They are stabled
in small shacks upon the house lots of their owners or even under
the houses when these stand upon sloping ground and sufficient
room for this purpose is afforded. The cows are milked and fed
grain, ete., on the premises, and their droppings are a source, some-
times a prolific one, of fly breeding.

In a few of the mill villages a common pasture is provided in
which the cows of the mill operatives must be kept. They are not
permitted upon the streets or house lots, and rough shed stables
are usually provided in which the animals are fed, milked, and
sheltered in inclement weather. These sheds are roughly con-
structed and although the droppings are removed from the stalls
at intervals, piles of manure are left for varying periods in the
immediate vieinity providing breeding places for great numbers of
flies.

The plan of exclusion is an excellent one, but, unfortunately, the
benefit is minimized by certain details of its application. Pastures
are usually contiguous to the village, the nearest houses often
standing within 100 feet of the pasture boundary and cow sheds.
In one instance the pasture is almost at the centre of the village
and is closely approached on three sides by the dwellings. In
another village there are two pastures at opposite sides of the
village and a large part of the community is thus exposed to the
flies frequenting or produced within them. The rule of exclusion
is not always rigorously enforced and exceptions are sometimes
permitted; calves are occasionally, either openly or surrepticiously,
kept about the owner’s house and in one instance which came under
our notice a cow was regularly brought for milking to the owner’s
house in spite of the regulation and an examination of the surround-
ings showed a large number of stable flies about the house adjoining
that of her owner, whose premises were comparatively free from
them.
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A fact bearing upon the importance of domestic animals in con-
nection with Stomowys in its relation to human beings is that of

Fig, 4.—0Open commons uged ns cow pasturs by mill operatives. The stream in foregrodmnd
iz an active Simulium breeding place. Houses of operatives in middle distanece.

Fia. 5. —Part of o mill paature with hog-pens ancd dwellings. Nearest house is about sixty
yards from fence,



108

attack upon milkers. Although in the presence of animals which
the fly normally prefers to man, the comparative quiescence of the
persons so engaged, renders them peculiarly liable to attack, while
those attending to and associating with cattle while actively engaged
upon their duties may escape. That the milker is frequently
attacked is shown by the reports we received.

But 21 pellagrins of our series had been in the habit of milking
cows, and 2 of these were not questioned regarding the fly in this
connection. Of the remaining 19, 14 or about 74 per cent., stated
that they had been bitten while milking, and a considerable number
of non-pellagrins made similar statements.

The comparative distribution of Stomozys in urban, rural, and
mill districts is interesting. Infestation of premises—the presence
of Stomoxys upon the outside of houses, upon porches and in the
immediate vicinity—in places from which entrance to the house
or attack upon its inmates would be easy, occurred most frequently
in mill villages. In these villages 97 per cent. of the homes visited
were infested in the way described while of rural and farm homes
67 per cent., and of urban, 50 per cent. were similarly frequented.

The explanation of this seems to be that in the presence of
domestic animals, the stable flies in the immediate vicinity will
he concentrated upon and about them and many follow them when
driven to work or to pasture, so that in the absence of the animals
the infestation of the premises may he greatly lessened or the flies
be so few as to escape notice. In the mill villages, the flies, separated

from passing teams or cattle become generally distributed, seeking

shelter and food among the dwellings, and 1t 1s significant of the
truth of this explanation that in mill villages whose rules do not
exclude cows from the village precinets, the number of stable flies
present about the houses i1s more variable although apparently
larger in the aggregate than in those wvillages which practice
exclusion.

In comparing the reports of biting by Stomoxys received from
pellagrins of the three classes, it is interesting to note that 55 per
cent. of the reports received from mill cases were positive; 54 per
cent. from rural cases were also positive; while but 13.4 per cent.
of the urban eases could recall attacks by the fly.

It will be seen that the highest percentage of reports of bites
by Stomoxys was received from the mill villages which also furnish
the greatest number of pellagra cases. The rural districts follow
closely in their percentage of positive reports though there is a
greater discrepancy between pellagra incidence in the mill villages
and that of these distriets than is indicated in the reports. This
fact might be accounted for by the lack of congestion of population
in the rural sections with a lower percentage of possibly infected
flies.

These reports evidently indicate that there is a definite correlation
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between the abundance of Stomoxys, the character of its dis-
tribution and its biting of man."

Susaary. Our investigation was entered upon with no bias in
favor of the infectiousness of pellagra or its transmissibility by
insects. In the nature of the case, however, and as a basis for our
work, it was necessary to assume that both were among the possi-
bilities.

No preconceptions as to the involvement of any particular insect
were indulged, and out conclusions regarding individual species of
insects are based upon the epidemiological picture of pellagra,
mainly as presented in Spartanburg County, and upon the habits
and distribution of the insects as observed by us and as elsewhere
recorded.

Ticks, lice, bed bugs, cock roaches, horse flies, fleas, mosquitoes,
buffalo gnats (Simulium), house flies, and stable flies (Stomozxys)
were under consideration. Of these, horse flies have nothing and
cock roaches little to support them.

Ticks and fleas are excluded on oceount of their searcity and the
nature of their biting habits. In view of these characteristics, it is
doubtful if even the existence of an animal reservoir of infection
would bring the groups into prominence.

Lice and bed bugs do not account for the sex or age incidence or
the rural nature of the disease; the scarcity of the former is an
additional reason for its exclusion.

The rarity of mosquitoes here and the lack of coincidence between
their distribution and that of pellagra for the State in general,
together with the night-biting habits of the local species, which
fail to account for the sex incidence, seem sufficient cause for their
elimination.

House flies (Musca domestica) should be active if the malady
is an intestinal infection in which the germ is passed with the feces,
with contaminated food acting as the vehicle of infection.

The buffalo gnats (Simulium) should be eliminated, principally
by the faets of their biting habits and lack of those of intimate
association with man, also possibly by their comparatively moderate
abundance (in our territory). We find that in Spartanburg County
they are hardly known as a pest of man and when they do attack
him, it is very locally and largely confined to field workers. Had
Sambon’s theory not been advanced, these flies could hardly have
attracted suspicion of any conneection with pellagra in this country.

The stable fly (Stomozys caleitrans) displays certain salient char-
acteristics which seem to qualify it for the role of a transmitter
of pellagra.

The range of this one species covers and exceeds that of pellagra;

1 Allan H. Jennings and W, V. King, One of the Possible Factors in the Causation of Pellagrn,
Jour. Amer. Med, Asgoc., January 25, 1913, Ix,
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composition of the diet, urine, and feces of pellagrins subsisting
upon mixed diets and upon diets composed largely of corn. Bal-
ances were given for nitrogen, fat, and salt in comparison with
those of normal individuals upon similar diets. The points of
interest will be discussed in connection with our own work.

Johnson found the free hydrochloric acid of the gastric juice to
be absent in 14 out of 20 cases, while rennin was absent in 7 cases.
Diarrhea was observed in the 14 cases with absence of free hydro-
chlorie acid, but only in one of the other 6 cases, and here attributed
to another cause. Cecconi found free hydrochloric acid absent in
all of his 12 cases, while Niles in an examination of 64 cases of
undoubted pellagra found free hydrochloric acid absent in 18,
deficient in 31, excessive in 12, and normal in 3. He noted that
the gastric secretions were diminished or absent in most cases of
long standing, while in the few instances where those juices were
increased the eases were acute.

In a study of 55 cases of pellagra, Tucker® reported an increase
in indican in 3 cases. In the report of the Illinois Pellagra Com-
mission, however, Ormsby and Singer noted a marked reaction for
indican in all the cases examined.

The experiments here reported were made upon the patients
sent to the Post-Graduate Hospital by the Thompson-McFadden
Pellagra Commission. We have endeavored to make a fairly
extensive study of the metabolism in pellagra, because a thorough
knowledge of the fundamental processes of metabolism appeared
particularly desirable in this disease; and, further, because it was
believed that points of attack might be disclosed which would
offer opportunities for more intensive study.

Meraops Emprovep. The general procedures employed in
this metabolism study were to secure gastric contents (after the
Ewald-Boas meal) as soon as practical after the admission of the
patient to the hospital. Subsequently the patient was placed
upon a weighed diet, and the urine and feces collected daily for a
period varying usually from seven to ten days. Following this
period, gastric contents were again secured in certain of the cases,
while in two instances a second metabolism experiment was
conducted.

The examination of the gastric contents has been directed
particularly to determining the acidities and ascertaining the
peptic activity. The customary titration methods were employed
for the acidities and Rose’s method for pepsin, as conducted in
this laboratory.®

During the period of the metabolism study a lacto-vegetarian
and practically purin-free diet was employed for experimental
reasons. 'The general type of the diet may best be illustrated
by a sample day (August 8) taken from Case 8 (M. T.).

8 Jour. Amer. Med Assoc., 1811, Ivi;, 246, * Post-Graduate, 1912, xxvii, 506.
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Previous to beginning the metabolism study the patients were
placed for several days upon the diet they were to receive during
the period of actual examination. The end of the twenty-four-
hour urine period was taken as 7.30 a.n.  After the exeretion of
the last sample of urine for the day the patients were weighed and
then given their breakfast. The urine specimens were collected
in three-liter glass-stoppered bottles and preserved with a liberal
supply of toluene. The urines were taken to the laboratory at
0 A.M., made up to some definite volume (1000 c.c. where poszible),
and the nitrogenous constituents, the ammonia in particular,
determined in most cases the same day. At this time the qualita-
tive and microscopic examinations were made. The urines were
then refrigerated at 0° C. for future use. The feces were collected
in weighed tin pails, the weight of the feces ascertained by differ-
ence, and then kept in a common receptacle in the refrigerator
at —4° C. until the end of the period. In most of the experiments
the feces of the experimental period were marked off with charcoal,
though in some of the later experiments carmin was employed.
When the feces for the whole period had been assembled, they were
thoroughly mixed and a weighed portion, generally one-half,
dried over the water-bath with the addition of aleohol acidified
with dilute sulphuric aeid, and subsequently ground to a fine
powder. All determinations with the exception of the indol and
skatol were made upon the air-dried feces.

The examination of the urine included the usual qualitative
tests—namely, tests for albumin, sugar, acetone, diacetic acid, and
a microscopic examination of the centrifugalized sediment, and,
in addition, quantitative estimations of the total nitrogen, urea,
ammonia, uric acid, creatinin, creatin, chlorides, phosphates,
inorganic and ethereal sulphates, neutral sulphur, total acidity,
and indican on the individual specimens, and determinations of
sodium, potassium, calcium, and magnesium on composite samples.
The methods employed were: For total nitrogen, Kjeldahl; for
urea, the Benedict (S. R.) method;® for ammonia, uric acid and
creatinin, the Folin methods;® for creatin, the Benedict (F. G.)-
Myers’ modification of the Folin method;* for chlorides, the
Volhard-Arnold method; for phosphates, uranium nitrate; for
inorganic and ethereal sulphates, the Folin methods;'® for neutral
(total) sulphur, Benedict’s (S. R.) method;'® for total acidity,
Folin's method; indican as described by Myers and Fine;" the
sodium and potassium in part as directed by Folin,'® the potassium

1 Jour. Biol. Chem., 1910, vii, 405.

B Amer, Jour. Phys,, 1905, xii, 45.

u Thid., 1807, xviii, 307.

¥ Jour. Biol. Chem., 1905-6, i, 131.

1 Thid., 1908, vi, 363.

17 Post-Gradunte, 1912, xxvii, 1144,

# Handbuch der Biochemichen Arbeitsmethoden, 1911, v, Pt T, 202,
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Case 5—R. N. (Pellagra Commission, No. 9, Spartanburg
County)., Moderately well-nourished woman, aged thirty-two
vears; some scaling on forearms; had had erythema before coming
to hospital; recovered while in hospital.

Case 6.—M. L. (Pellagra Commission, No. 68, Spartanburg
County). Tall, thin, poorly nourished woman, aged thirty-six
vears; said to have had tuberculosis, but no evidence of this could
be found while patient was in hospital; some erythema and
desquamation n:-n back of hands; condition cleared up quickly.

Case 7—E. C. (Pellagra Commission, No. 113, Spartanburg
Cr:nunty} We]l—n{}unshed airl, agu‘i twenty-years; lTI'll']{E(l thick-
ening of palms of hands; extensive desquamation on back of
hands, forearms, elbows, dorsaf surfaces of feet, on and around
kuees; irregular girdle of desquamation about waist; erythema
not evident; case recovered very quickly.

CasE 8—M. T. (Pellagra Commission, No. 114, Spartanburg
County). TFairly well-nourished girl, aged about eighteen years;
little erythema and desquamation on backs of hands and forearms;
recovered quickly.

Cast 9.—L. G. (Pellagra Commission, No. 115, Spart&nburg
County). Tall, thin, poorly nourished woman, aged twenty-eight
years; scaling on forearms and backs of hands, also slightly in front
of neck; dull mentally, although said to have been bright previous
to attack.

Case 10.—M. S, (Pellagra Commission, No. 21, Spartanburg
County). Rather tall, thin, poorly nourished woman, aged twenty-
eight years; extensive lesions on backs of hands, forearms, arms,
shoulders; girdle of erythema around neck; had ovarian eyst.

Case 11.—B. B. (Pellagra Commission, No. 158, Spartanburg
County). Fairly well nourished woman, aged thirty-three years;
slight erythema, desquamation and pigmentation on backs of
wrists; lesions did not cover great area; had pulmonary tuberculosis
as demonstrated by an examination of sputum.

Case 12—A. N. (Pellagra Commission, No. 206, Spartanburg
County). Fairly well-nourished woman, aged forty-three years;
erythema, pigmentation, and desquamation up to middle of back
of forearms.

Casg 13.—C. MecC. (Pellagra Commission, No. 170, Spartan-
burg County). Poorly nourished woman, aged thirty-five years;
extensive desquamation and discoloration of skin on backs of
hands, forearms, arms, shoulders, and around neck; palms of hands
much thickened, also deep ﬁssurcs; at points of ﬁugers, marked
diarrhea; Iﬂﬁntﬂ.lit“jr evidently low; delusions and hallucinations;
recovered.

Case 14.—W. L. (Pellagra Commission. No. 166, Spartanburg
County). Fairly well nourished woman, aged thirty-five years;




4
mild desquamation on forearms. In this case no complete metabo-
lism study was conducted, though an analysis of a twenty-four
hour urine, gastric contents, and a qualitative examination of
feces were made.

Gastric Avaryses. The gastric analyses have shown very
interesting results, especially when considered in connection with
the indican estimations of the urine. In 8 of the 14 cases iree
hydrochloric acid was absent. The total acidities were low, and
pepsin was generally absent, or present only in small quantity.
Though considerable amounts of indican were observed in all cases,
the quantity was excessive in those with anacidity, reaching in
one case nearly a quarter of a gram a day. To emphasize this
relationship the data given in Table I have been arranged in order
of the amounts of the average daily indican elimination. This
association of high indican elimination, with diminished acidity,
is indicative of the strong inhibitory influence of the normally
acid gastric juice upon putrefaction in the alimentary canal, or at
least a certain type of putrefaction. As may be observed, some of
the cases with low indicanuria and with free hydrochlorie acid
present in the gastric juice have a fairly high elimination of ethereal
sulphates, but, in general, the total ethereal sulphates as well as
the indoxyl-potassium-sulphate are increased in anacidity. Still
another factor which may play a part is the activity of the pepsin,
especially in the cases where hydrochloric acid is present. Case
12 (A. N.), with only a slightly subnormal acidity, but with a low
peptie activity, showed an elimination of indican next in amount
to the cases with anachlorhydria. In this series of cases, anacidity
was found in about the same percentage of cases as reported by
Johnson. Cecconi in the 12 cases which he examined made quali-
tative tests for indican. Though all of his cases showed an absence
of free hydrochloric acid, no uniform relation appeared to exist
between the anacidity and the indican, if we are to accept the
qualitative tests for indican as representative of the quantitative
elimination.

Foop Intakes. In general the food intakes may be viewed as
indicating the general condition of the patients, since they were
allowed considerable liberty in the choice of food, and further
provided with all they desired. The food intakes, as shown in
Table ITI, amounted in all cases to from 75 to 110 grams of protein
(12 to 18 grams of nitrogen) and 2300 to 3000 calories per day,
with the exception of Case 2 (M. F.), during the first period of
observation, and Case 3 (M. Mel.) during both periods of obser-
vation. With the same exceptions all the cases showed a decided
plus nitrogen balance during the period of observation, the degree
of nitrogen retention being in proportion in general to the gain in
weight as shown in the tabulated results. Case 2 (M. F.) during
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ample as judged by these standards, though perhaps the proportion
of fat to carbohydrate is a little higher than ordinarily found.

These data hardly allow of comparison with the results observed
by Wussow and Grindley® at the Peoria State Hospital, for the
reason that, with one exception, they were all women and, further,
were below the normal average weight. At Peoria they found the
general diet supplied per man per day: Protein, 73.5 grams;
carbohydrate, 444 grams; fat, 56 grams; energy, 2568 calories;
mineral matter, 23.23 grams, of which 1.07 grams were phosphorus;
while the corn diet gave protein, 87.2 grams; carbohydrate, 463
grams; fat, 79 grams; energy, 2898 calories; total mineral matter,
97.91 grams, of which 1.64 grams were phosphorus. In general
the diet of our patients appeared to furnish a somewhat larger
amount of protein and fat, but a smaller amount of carbohydrate.
The diets employed by Camurri are likewise of interest in this
connection. His mixed diet contained 131 grams protein, 430
grams carbohydrate, 66 grams fat, 24.85 grams mineral matter,
and had an energy equivalent of 2600 calories, while his corn diet
contained 96 grams protein, 617 grams carbohydrate, 64 grams
fat, 26.45 grams mineral matter, and furnished 3450 calories.
Camurri calls attention to the small relative amounts of sodium
and caleium furnished by certain dietaries. The figures which
we have calculated for the salt intake would appear to indicate
that in this particular our diet was adequate and well balanced.

CompositioN oF THE UriNE. The discussion of the urine can
best be prefaced by the general statement that the chemical com-
position of the urine in pellagra does not markedly differ from
what one might observe in other individuals of a similar physical
condition, except in one particular, the increase in the quantity
of the bodies derived from intestinal putrefaction—namely, the
ethereal sulphates, and especially the indican. It is perhaps of
some significance that a few hyalin casts were observed in 6 out
of the 14 cases, while in 2, traces of albumin were detected.

The volume of urine eliminated and the specific gravity gave
figures such as one might have anticipated with the fluid and food
intake, the average volumes varying between 300 and 1800 ec.c.,
with specific gravities of 1.029 to 1.013. As shown in Table 1II,
the figures for total acidity, chlorides, phosphates, inorganic
sulphates, neutral sulphur, for the mineral elements, caleium,
magnesium, sodium, and potassium (figures for sodium and potas-
sium not included in table) are such as one might expect under
the given dietary conditions, and the same may be said in regard
to the various nitrogenous constituents,

1 Raport of the Pellngra Commission of the State of Illinois, 1911, p. 187,
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The elimination of total nitrogen, urea, ammonia, uric acid, and
creatinin is perhaps slightly below the so-called normal, though
the constituents dependent upon exogenous factors, namely, the
urea and ammonia, are in accord with the diet, and those of
endogenous origin, namely, the uric acid and creatinin, are such
as might be observed in other individuals of similar physical
condition. Since Folin® first considered the distribution of the
nitrogenous constituents in normal urine a large amount of work
has been done on this subject. The large amount of data collected
in the publications of the Referee Board® is unusually good con-
firmation of the statements of Folin in this particular. Although
our data for the percentage of ammonia and undetermined nitrogen
are slightly above the so-called normal figures and the other con-
stituents slightly below, these differences are readily interpreted as
due to the diet and the physical condition of the patients. As
Folin has so well shown, with a reduction of the nitrogen-intake
the urinary constituents of exogenous origin necessarily form a
smaller percentage of the total nitrogen, and our figures for urea
nitrogen, generally 83 per cent., are in accord with the nitrogen of
the food. As the endogenous metabolism of the body was at a
low state of activity, due to the rather poor physical condition
of the individuals, we would hardly expect the uric acid (purin-free
diet) and creatinin nitrogen to form an inereased percentage of the
total nitrogen. On the contrary the percentage of nitrogen in this
form is rather below the normal.

An examination of the absolute amounts of the various nitrogen-
ous constituents eliminated by the different individuals shows that
in general the urea varied between 10 and 20 grams, the ammonia
between (.3 and 0.8 gram, the uric acid between 0.15 and 0.39
gram, and the creatinin between 0.4 and 1 gram. The abso-
lute amount of the undetermined nitrogen in general falls within
normal limits, though, as mentioned above, it forms a rather
high percentage of the total nitrogen. In Cases 2 and 12, how-
ever, the figures are considerably higher than those found in other
cases of the series. ,

The creatinin elimination is below normal in all cases, this fact
being particularly well shown by the creatinin coefficients. Nor-
mally, coefficients of 7 to 11 are found, whiie here the figures vary
between 5 and 7. As recently discussed by one of us® (Myers), the
creatinin elimination is lowered in conditions associated with
decreased body efficiency. This general inefficiency is further
brought out by the fact that 10 out of the 14 cases eliminated
creatin, though in only 2 cases was it present in large amount.

The elimination of the mineral constituents hardly requires

® Amer. Jour, Phys., 1906, xiii. 06.
* United States Dept. of Agrie., Report No. 88, 1000, and No. 4. 1911,
= AMER. JOUR. MED. Scr., 1910, oxxxix, 256,
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further comment, except for that part containing an organic
radicle, namely, the ethereal sulphates. Certain of the facts in
this connection are best brought out in Table I, in which the
data are arranged in order of the amounts of indican eliminated.
The absolute amounts of the ethereal sulphates appear to be
increased in a few instances, in which case there exists a low ratio
to the ethereal sulphates. This is especially pronounced in the
cases of anacidity, in which very large amounts of indican were
eliminated. Here the indican appears to parallel the total ethereal
sulphates, but apparently for the reason that the indican forms a
considerable part of the total ethereal sulphates. The low ratio
of inorganic to ethereal sulphates was observed in the cases reported
by Camurri.

Composition oF THE Freces. The examination of the feces as
shown in Table IV revealed widely varying conditions as to volume
and consistency—watery stools, soft stools, well-formed stools, and
hard stools—the average daily elimination amounting to from 60 to
700 grams of moist feces and 20 to 40 grams of air-dried feces, the
moisture varying between 75 and 95 per cent. The microscopic
examination of the feces has not yielded data of special significance,
though in certain cases evidence of digestive inefficiency has been
observed, and in some cases considerable mucus, probably in part due
to the diarrhea. In several instances strongly positive fermentation
tests with Schmidt tubes have been observed, notably in Case
3 (M. MelIl.), period 2, though the estimation of the carbohydrate
content of the feces ought to be a more adequate criterion. The
daily fecal nitrogen was found as low as 0.5 gram where the nitro-
gen intake was low, and as high as 2.7 grams in the reverse con-
dition, accompanied by severe diarrhea. These figures fall within
the normal limits, however, and the percentage of nitrogen in
the air-dried feces cannot be said to be excessive, though perhaps
slightly above the normal average in a few cases. In 3 cases
(Case 3, period 2, Case 5, and Case 13) the so-called protein utili-
zation was below the other figures observed, but probably in part
due to the diarrhea. The daily fat eliminated varied from 2 to 11
grams, with percentages of the air-dried feces ranging between
8 and 35 per cent. The fat utilization was good in all cases, though
the figures for Cases 9, 11, and 13 were slightly below that observed
in other cases. The figures for the carbohydrate were from direct
estimation, and are therefore much more reliable than the results
generally reported as determined by difference. The tabulated
data show that the utilization was 99.5 to 99.8 per cent. in all
but 2 eases (Case 3, period 2, and Case 5), where the utilization
was 99 per cent. and the percentage coutent in the feces 7.6 and
9 per cent. These results show quite conclusively that the ability
of the pellagrins to absorb their food is only slightly if at all impaired
and that this is in part due to the diarrhea. The data on the feces
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reported by Camurri bring out similar points, though he has only
five sets of average figures with which to make comparison.

The examination of the feces has included quantitative determi-
nations of calcium, magnesium, phosphates, chlorides, as shown in
Table 1V, and also of sodium and potassium. These data have
not revealed any apparent derangement of mineral metabolism,
though certain interesting relationships have been brought to light,
which will be presented in a subsequent paper.

The feces of pellagrous individuals have a most characteristic
aromatic odor, and the estimations of the indol and skatol would
indicate that this odor was due to the large amounts of these
aromatic bodies found to be present. Normally only traces of
these bodies are present, and from the investigation of IHerter®
and also of one of us® (Myers) with Fisher and Diefendorf, the
amounts detected, especially of skatol, may be regarded as decidedly
abnormal and indicative of peculiar bacterial conditions in the intes-
tine. When these results are compared with the acidity determina-
tions in the gastric juice, some relation between the amount of
skatol formation and anacidity is apparent.

SumMARY. The ability of individuals suffering from pellagra to
utilize the various foodstuffs as indicated by our series of fifteen
experiments appears to be only slightly if at all below the normal.

The elimination of mineral and nitrogenous constituents in the
urine is such as would be anticipated under the dietary and physical
conditions of the individuals. A lowered physiologic efficiency
is indicated by the low creatinin coefficients and the elimination
of small amounts of creatin in the urine. The presence of a few
hyalin ecasts in about 45 per cent. of the cases points to some
possible irritation of the kidney.

Anacidity is a condition common in pellagra, found in eight of
our fourteen cases. It is generally associated with an entire absence
of pepsin, or with pepsin in only very minute quantities.

Individuals suffering from pellagra show a marked indicanuria,
which is excessive in the cases with gastric inefficiency. Though
the ethereal sulphate hardly parallels the indoxyl-potassium
sulphate, the quantities eliminated are much higher where anacidity
exists and they furthermore hold a higher ratio to the inorganic
sulphates.

The feces contain decidedly abnormal amounts of indol and
skatol, especially the latter.

The presence of excessive amounts of indican in the urine,
associated with a high elimination of ethereal sulphates, when
considered in connection with the abnormal amounts of indol and
skatol in the feces, points to some unusual bacterial conditions
in the intestine. From the data at hand this putrefaction would
appear to take place rather high up in the intestine.

¥ Bactorial Infections of the Digeative Traet, 1307, p. 230,
10 Zoptealbl. £ Stoffweahael, 1005, ix. 849: Amer. Jour. Insanity, 1009, lxv, 607.
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except in cases with such complications as roundworms or hook-
worms.”’ Sambon, working in Italy, also noticed a relative in-
crease of the large mononuclear leukocytes. Contrary to these
findings, Buhlig at the Peoria State Hospital, failed to demonstrate
any inerease in the large mononuclears. Bardin, quoted by Niles,
found in uncomplicated cases of pellagra a lymphocytosis, with a
corresponding reduction in polynuclears and a marked reduction
in eosinophiles. Lavinder states that Fiorini, Gavini, and Masini
in Italy found a decided eosinophilia. In the recent work of the
Illinois Pellagra Commission no significant changes were observed
in the differential leukoeyte count.

TecaNique Emproyep. The blood was taken for examination
in the midforenoon or midafternoon. The percentage of hemo-
globin was estimated with the Sahli hemoglobinometer, two “read-
ings”’ being made and the results averaged; this method was found
quite satisfactory. The erythroeytes were counted with a Thoma-
Zeiss apparatus, using a dilution of 1 to 200 and counting the
corpuscles on the four corner “blocks” of twenty-five small squares
in two drops. The average was then taken and the number of
cells per cubic millimeter computed on this basis. In estimating
the number of leukocytes a Zappert-Ewing chamber was used,
thus affording an opportunity of counting 9 square millimeters
in one drop. Two such determinations were made from a dilution
of 1to 20 in a “Rieder” pipet and the average taken; the usual
calculation was then made. A difference of not more than twenty
cells per field (high power) in the red count and eight cells per
field (1 square millimeter, low power) in the white count was
permissible. If a greater discrepancy existed a third drop was
usually sufficient to rectify it, in either count.

For differential leukocyte counting films were made on clean, new
slides, and a preparation selected in every case, on which the distri-
bution of the corpuscles was moderately thin. Five hundred cells
were counted over the midportion of each slide, care being taken
not to encroach too closely on the ends, where frequently there
is a relative increase in the more bulky leukocytes. The blood
was stained with Wright’s modification of Leishman’s polychrome
eosin-methylene blue mixture. The following classification was
adopted: Polynuclear neutrophiles, small lymphoecytes, large
lymphocytes, large mononuelears, transitionals, eosinophiles, and
mast cells. Differentiation between the small and large lympho-
eytes was to a certain extent unsatisfactory, inasmuch as inter-
mediate gradations in size were occasionally encountered. Mono-
nuclear cells measuring 12 to 15 mierons in diameter, and having
a comparatively wide zone of protoplasm, were classified as large
lymphoeytes; these were generally found to contain round nuclei
staining not quite so intensely as the nucleus of the small lympho-
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A slight or moderate leukocytosis existed in several cases at some
time during their residence in the hospitai. No complications
could be discovered in these patients. One patient with chronic
pulmonary tuberculosis and much emaciation had a leukocytosis
of 11,000 to 14,000; she had an irregular temperature, not exceeding
100.2° F. All the other cases were afebrile, and frequently had
subnormal temperatures.

The differential leukoeyte count revealed anabsolute polynucleosis
in those cases associated with a leukocytosis of over 10,000, except
in one instance. Three of these cases, however, showed a slight
relative decrease in the polynuclears. Out of thirty-two differential
counts in this group, twenty-four gave a relative and, in addition,
an absolute lymphocytosis, inciuding under this term both small
and large forms of lymphocytes. The average total lymphocytosis
of the series was 33.99 per cent. The average large mononuclear
count was 2.59 per cent. The highest percentage recorded was 5.5
per cent. The transitional forms averaged 1.5 per cent. These
last two types taken together (Ehrlich’s classification) form 1
to 6 per cent. of the leukocytes in normal blood; therefore, from
the above figures it cannot be said that they show any constant
alteration from the normal. The average eosinophile count of
2.73 per cent. is within normal limits. A few cases showed slight
eosinophilia,’the highest being 8 per cent. in which patient Strongy-
lordes wintestinalis was found in the stools.

The coagulation time was determined in the first three cases
with a Brodie-Russell coagulometer and was found to be six minutes
and twenty seconds, four minutes and eight seconds, four minutes
and twenty-five seconds, respectively, all of which readings are
within the normal range for this instrument.

Table II. The differential leukoeyte count on a series of slides
taken from 37 cases at their homes in South Caroclina was carefully
determined without discovering any essential variation from the
average results obtained in Group A. The average lymphocytosis
of 37.65 per cent. is a little higher than in the previous group.

SummARrY. From a consideration of the above data it is evident
that there occasionally exists in pellagra a variable degree of chlor-
anemia, which, however, is not a prominent feature of the attack.
The disease, apparently, may be present for some time without lead-
ing to any anemic changes. Whether the anemia is due to the actual
existence of pellagra, or is the result of an indefinite train of ante-
cedent conditions extending over a period of time before the incep-
tion of the disease, is difficult to say. On the other hand, many
cases are perfeetly well up to the onset of the attack.

One of the most noteworthy features in connection with the
leukocytes is the not infrequent presence of a leukoeytosis, which
appears to be inexplicable in the light of our present knowledge of
the disease. This might suggest the possibility of an infectious
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an abnormal invader. The abnormal types were various in nature
and in no case dominant in numbers.

During the course of the primary examinations subcultures
were made from a number of colonies and preserved for subsequent
study. One hundred of these bacterial strains were subjected to

Cuant I.—Percentage of gram-positive cocci and of Gram-negative bacilli in the feces.
Gram-positive cocei. Gram-negative baeilli.
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I’crlcenmm:r of Gram-positive micrococei and of Gram-negative bacilli in the feces: {a) three
nlxammm.m-na in acute pellagrea; (B) ten examinations in subacute pellagra; (c) four examina-
tinns a._Etcr recont recovery from pellagra; (d) three examinations in insane individuals not
pellagrins; (¢) one hundred and thirty-seven examinations in healthy men, The data for
a, b, e, and & are taken from MacNeal, Allison, and York, Report of the Pellnltm Commission
of the State of Illincis, Springfield, 1912, pp. 65 to 160, and the data for e from MaeNeal, Lat
and Herr, the Feoal Bacterin of Healthy Men, Jour. Infect. Dis,, 1909, vi, 123 to 1.59- b

agglutination tests, using the blood serum from ea

and fran*:': normal individuals. Three of the one hifd:idp:iiaagi:ﬁ
reacted in a somewhat suggestive manner. These were strains
Nos. 14, 55, and 67. All were derived from cases of pellagra at
1’{:{1]‘1:1, [llinois. They were agglutinated by sera of pella Ens :11:
Peoria, at Kankakee, and at Chicago. The suggestion of agspeciﬁu
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relationship to the disease was considerably weakened by the
fact that these bacteria were also agglutinated by the sera of
Insane patients, not pellagrins, at Peoria and at Kankakee, and
by the sera of apparently normal persons at Kankakee, Chiecago,
and Urbana, Illinois. Two of these bacterial strains, Nos, 14 and
67, appear to be identical in nature. The organism is a short
rod about 4.0 x long by 1.4 . thick on the average. The size is
variable, however, variations in length from 2.4 to 6.2 g, and in
thickness from 1.0 to 1.6 u being observed in young vigorous
cultures. Gelatin is not liquefied. In litmus milk the organism
grows without produeing an acid reaction. There is slight coagu-
lation after four days and a slow digestion of the casein. No gas
15 produced in broth containing dextrose, levulose, lactose, saccha-
rose, or maltose. Fresh cultures on agar are colorless, but later
assume an orange color, and this production of pigment seems
to become more pronounced with continued artificial culture.
Strains Nos. 14 and 67 agree in all these characters, and strain
No. 35 in all except the pigment production. It has remained
colorless. Inoculation of animals (guinea-pigs, rabbits, and
monkeys) has been followed by loss of weight, but has not resulted
in the death of any animal.

Further study along these lines has been undertaken by the
Thompson-McFadden Pellagra Commission at the New York
Post-Graduate Medical School during the summer of 1912. The
opportunity was here presented to test this culture against the
sera of pellagrins from a different part of the country, South
Carolina. These recent cases have been divided into four series:
First, 66 pellagrins showing lesions on the skin at the time the blood
was taken; second, 43 pellagrins who did not show an eruption
at the time but in whom a reliable history of the disease was
obtained; third, 22 individuals living in the pellagrous district,
Spartanburg County, South Carolina, but free from any sign or
definite history of the disease; fourth, 27 individuals in New York,
including clinic patients and some physicians who kindly furnished
their own blood for this work. The agglutination tests were
performed by the macroscopic method, a suspension of the bacteria
in salt solution being mixed with an equal volume of a 20 per cent.
solution of the serum in a small tube for each test, the final dilution
of the serum being one part in ten. It was incubated for an hour
and the progress of events recorded at intervals of fifteen minutes,
Complete clumping and precipitation of the bacteria to the bottom
of the tube was recorded as a cumpfctg reaction. GI‘&[!ES‘D{' a_lmast
complete, marked, slight, and negative were also distinguished.
The results are shown graphically in Chart II. _ ] .

Of the 66 sera in the first series, from pellagrins with the skin
eruption, 51 gave complete aggh!t;nmtmn. 5 almost mmpiete,_ 3
slight, and 4 negative reactions. T'he 43 sera of the second series

10
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gave reactions distributed as follows: complete 30, almost complete
6, marked none, slight none, negative 7. Of the whole 109
different sera from pellagrins, 74.3 per cent. gave complete agglu-
tination, 10.1 per cent. almost complete, 2.7 per cent. marked,
2.8 per cent. slight, and 10.1 per cent. negative reactions. The

Coant II,—Results of agglutination tests.

Series 1. Series 2. Sories 3. Serles 4.
Pellagring with eruptions  Pellagring without Epartanburg New York
on skin. gruption, controls. controls,
"_'l]_' =1 I
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Results of the agglulination tests. Complete reactions (1) in solid black ac the left in
ench series; them in order (2) almost complete, (3) marked, (4) slight, and (&) negative
reactions.

22 sera of the third series, non-pellagrins of South Carolina, gave
5 complete agglutinations, 1 almost complete, 3 marked, 6 slight,
and 7 negative reactions. The 27 New York controls gave 6 com-
plete agglutinations, 3 almost complete, 10 marked, 1 slight, and
7 negative reactions. Of the total 49 controls, 22.5 per cent. gave
complete agglutination, 8.2 per cent. almost complete, 26.5 per
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cent. marked, 14.3 per cent. slight, and 28.5 per cent. negative
results. These findings are obviously not sufficiently eclear-cut
to warrant the assumption of a specific agglutination reaction of
this bacterium with the serum of pellagrins, and yet they are such
as to stimulate further work along this line.

The conservatism of this statement is not due to the fact that
we have employed serum dilutions of one in ten instead of higher
dilutions, for many of these positive sera have been tested in
higher dilutions, up to one in four hundred, and have produced
definite agglutination in such strength. The suggestion of specificity
is, however, seriously opposed by the fact that sera from apparently
normal individuals give precisely parallel results in some instances.

We have attempted to employ the complement-fixation test on
a number of sera, using an antigen prepared from a culture of
strain No. 67. Positive results have been obtained in a few cases,
but it has not been possible to try it in a sufficient number of cases
to determine the value of the test. We are also attempting to
perfect a precipitin test. We hope that it may be possible, by
employing these in conjunction with the agglutination test, to
obtain more decisive results during the coming pellagra season.

A few cutaneous and intracutaneous tests on patients were
performed during the year of 1912, using a vaccine made from a
culture of strain No. 67. Of the 9 patients to whom the eutaneous
test was applied, 1 gave a moderate reaction, 3 a slight reaction,
and 5 were negative. The intracutaneous test on the same 9
patients gave a marked reaction in 1; a marked and a moderate
reaction in another case in 2 tests; a slight reaction in 3 cases; a
slight reaction and a negative reaction in another case in 2 tests:
and a negative reaction in the 3 remaining cases; 2 controls
gave negative results, one of them in two tests. The behavior
of the cases, especially those on whom the test was repeated,
seemed to suggest a difference in the reaction according to the
stage of the disease, but the cases tested are still too few to bear
analysis along this line.

While these various experiments with this culture were in pro-
gress we have undertaken to isolate further bacterial strains from
the intestinal contents of pellagrins brought to New York for
study. These cultures have been isolated by the methods
previously employed, more especially by plating on blood-agar
and ascitic-fluid-agar, from the feces, and also from the intes-
tinal juice obtained through the Einhorn duodenal tube; 693 new
bacterial strains were isolated in this way during 1912, and these
have been tested against sera of pellagrins and others in approxi-
mately 2000 agglutination tests. This work is not yvet completed,
but it seems certain that we have failed to isolate any germ similar
to strain No. 67 from the feces of these new cases. From the
duodenal fluid, however, a few strains have been obtained which
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