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THE MANKATO TYPHOID FEVER EPIDEMIC OF 1908.* 
H. M. Bracken, F. H. Bass, F. F. Wesbrook, H. A. Whittaker, 

and H. W. Hill. 

(From the Minnesota State Board of Health, St. Paul, Minnesota.) 
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GENERAL INTRODUCTION. 

H. M. Bracken. - 

The description of the outbreak of this epidemic is well stated 

by Dr. A. O. Bjelland, then commissioner of health of Mankato, 
as follows (Transactions, Minn. State Sanitary Conference, 1908): 

"In the year 1908, there was an unusually heavy rain-fall in and about Mankato, 
beginning May 20 and lasting until June 24, causing a tremendous flood. The 
Minnesota River reached its highest point June 25 and 26, the highest water point at 
Mankato since 1881. The sewers were unable to take care of the immense amount 
of water, and hence the cellars along Front and Second Streets were flooded." 

About June 26 diarrhea became epidemic throughout the city, 
5,000 or 6,000 cases occurring between this date and July 4. 

"Dr. H. M. Bracken (secretary and executive officer of the State Board of 
Health) was advised by telephone of the above conditions, and was asked to aid in 

making an investigation. The mayor (Dr. J. W. Andrews) was notified on June 27 
of the probability that the public water supply was contaminated, and the people 
were warned through the daily papers to boil the city water to be on the safe side. 

"On June 27, an investigation of the Broad Street well was started. On June 28 

(Sunday) there was a meeting of Mayor Andrews, Judge Porter, Mr. Koke, Mr. 

Atchison, Mr. Gary, and Dr. Bjelland, at which matters were discussed, the health 
* Received for publication September 11, 1911. 
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officer advising those present that an epidemic of intestinal trouble was prevailing, 
and that an epidemic of typhoid fever might follow. 

"On June 29, Dr. H. M. Bracken, Dr. H. W. Hill, Mr. Haynes, the city engineer, 
Mr. Koke, Judge Porter, and myself (Dr. Bjelland) made an investigation of the 
well-pits and reservoirs." 

Dr. Bracken, acting for the State Board of Health, officially 
announced that the circumstantial evidence found, together with 
the epidemiological facts connected with the diarrheal trouble, 
indicated the city water as responsible, and predicted a possible 
typhoid-fever epidemic, in the event of typhoid bacilli being con- 
tained in the contaminating sewage. Samples of water were taken 
for confirmatory analysis. 

On July 1, Professor F. H. Bass, sanitary engineer of the State 
Board of Health, investigated the wells, and later made more detailed 
studies, with recommendations for changes and repairs. 

"At this time I ordered the Third Street well shut off, the reservoir cleaned, and 
further, that the reservoir and water mains be flushed until further notice. The only 
thing that could be done at this time to safeguard the health of the people was to 
advise everyone to boil the water until further notice. It was evident, that since the 
infection had been introduced into the water, nothing else could have been done at 
that time to protect the public." 

(Purification by hypochlorite of lime was not then known. 
Other disinfectants were advocated by various persons, but no one 
knew how much to use or the attendant dangers and drawbacks.) 

"On July 12 the result of the bacteriological examination of the water was given, 
showing positively that there had been sewage contamination in the water mains, the 
presence of the colon bacillus being demonstrated. 

" 
Early in July, Mrs. B. developed symptoms indicating the possibility of typhoid 

fever. A specimen of blood was submitted to the State Board of Health Laboratory 
for examination, and on July 11 a positive Widal reaction was reported." 

These statements of Dr. Bjelland as to the beginning of this 

epidemic are most interesting. There was some difficulty and 

delay in persuading some of the officials of Mankato of the actual 

danger, for they were not satisfied to base action purely on the 

inspection and the epidemiological facts, delaying until the Labora- 

tory made its analytical report. Another noticeable feature is 
that typhoid was tentatively predicted.1 

This epidemic differs from others in that it was anticipated instead 
1 Previous (and subsequent) experience in other water-borne outbreaks of dysentery and diarrhea 

emphasize the fact that typhoid fever by no means always follows such outbreaks. 



412 H. M. Bracken 

of being taken up after the disease had become epidemic, the first 
case actually being discovered, diagnosed, and reported, and the 

epidemic followed through from this time to its termination. 
The State Board of Health not being equipped properly at the 

time for a continuous epidemiological study in such an epidemic, 
Dr. H. W. Hill, assistant director of the laboratories of said board, 
was put in charge of the epidemiological work, following the cus- 
tom that had been in vogue in dealing with special epidemics up 
to that time. Professor Bass, who was then acting as sanitary 
engineer for the board, took up the work from the engineering 
point of view. Both of these gentlemen made frequent trips to 
Mankato for the study of conditions during the epidemic. 

An emergency hospital was secured, and the Sisters of the 
Sorrowful Mother, who maintained the St. Joseph Hospital, fur- 
nished the nurses for it. 

On July 24, Mr. M. C. Piper, a senior student in the Medical 

Department of the university, began work as assistant to the 
health commissioner, and local agent of the State Board of 

Health, visiting each case reported, collecting the epidemiological 
data, and making a daily systematic inspection of the typhoid- 
fever areas. Early in August, Miss Jessie Clark and Miss Grace 
Robinson were engaged as visiting nurses. It was the duty of 
these nurses, as soon as the report of a typhoid-fever case came in, 
to go to the house and instruct the patient and his friends how to 
avoid infection by contact, to teach the family thoroughly in the 
use of cleanliness and antisepsis, and by an object-lesson in nurs- 

ing show those in charge how to care for the patient. 
Due credit is to be given the local workers already mentioned. 

The work of the State Board of Health was largely carried out by 
Dr. H. W. Hill, representing the epidemiological side, and Professor 
F. H. Bass, representing the engineering side. Mr. John Wilson 
was secured at Professor Bass's suggestion to perform the function of 

city engineer. Following the epidemic Dr. G. A. Alley was sent 
out as special agent of the State Board of Health to get as com- 

plete a history as possible of all typhoid-fever cases and deaths 

occurring outside of Mankato traceable to this source of infection. 
His data is included in the report of Dr. Hill. 
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A thorough publicity campaign, begun early, was a most 

important feature of the work. The co-operation of the local 

press, the Free Press and the Review, in spite of the opposition of 
some of the business interests, prevented much primary infection, 
and was a large factor in keeping secondaries within unusually low 
bounds. Mankato owes much to the public-spirited newspapers. 

The reports of the various workers are appended. 

May 13, 1911. 

THE ENGINEERING DATA. 
F. H. Bass. 

The engineer of the State Board of Health made an examination 
of the wells and their relation to possible sources of contamination, 
beginning July 1, 1908. 

Heavy rains in the early summer had caused the highest water 
in the Minnesota River since 1881. The crest of the flood was 
reached June 25, and on this date there occurred in Mankato an 

extremely heavy rain, the run-off of which, from the precipitous 
slope immediately east of the city, flooded several streets to a 
depth of over one foot for their entire width. On one of these 
streets, Washington Street, are located all of the wells from which 
the city supply was drawn. The wells with their various connec- 
tions are shown in the upper part of Fig. 2, p. 418. 

Fig. 1 shows these wells in some detail. The McCarthy well 
was of recent construction. The " old well" was sunk some 20 years 
ago, and both the overflow to the sewer and the suction pipe were 

badly corroded. Holes of 1.5 inches in diameter entirely through 
the pipe were found in both. I saw one of these plugged with a 
poorly fitting piece of wood. The sewage from the sewer immedi- 
ately beneath this well-pit certainly backed up into the pit and as 
surely was drawn through the holes in the suction pipe to the 
pumps and distributed. 

As the Second Street well was of recent construction and in 
good condition no contamination from it was possible. 

The Broad Street well was found in a condition of extreme 
neglect. When first found by the writer, this well-pit was filled 
with water to a point within four feet of the surface of the ground, 
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and the lower outlet to the sewer was dimly visible through the 
still turbid water. It was obvious from the debris in the crevices 
between the brick side walls and plank covering that the water in 
the pit had been as high as the surface of the ground. 

A curiously placed pipe in an inclined position, which appeared 
to be a branch of the well-casing, occupied the center of the pit. 
No one in Mankato could tell what this pipe was, although many 
guesses were hazarded; later a workman stepped upon it and it 
rolled to one side. This incident is mentioned to bring out the 
remarkable fact that previous to the epidemic absolutely no one 
was familiar with the construction of this well. Later, upon the 
subsidence and clarification of the water in this pit, it was found 
that the supposed top of the well-casing was in reality but one 
end of the vertical arm of a T, the other end terminating a foot 
or more above the bottom of the pit. It is absolutely certain that 
the sewage backed up into the pit. Near-by manholes show that 
the sewage backed up to within 18 inches of the surface of the 

street, or about six feet above the bottom of the pit. Thus sewage 
was pumped directly into the water mains of the city. 

At the outlet of the sewer passing the Broad Street well was a 

large manhole or pump-pit, divided into two parts by a wall at 

right angles to the line of the sewer. In the upstream division of 
this pit was a small centrifugal pump which at the time of high 
water pumped sewage over the top of the wall. At ordinary stages 
of water in the river, the sewage flowed directly through a gate in 
the wall. At the time of this flood, the pump was unable to 
handle the large quantity of sewage coming to it, hence the backing 
up into the system of pipes in the city. 

The engineer of the pumping station was notified of the appear- 
ance of sewage in the engine rooms of a near-by flour mill by an 
attendant at the latter place. The gate in the dividing wall of the 
well was opened and the danger was supposed to be over. How- 
ever, the unusual appearance of the city water supply was seen 
and the president of the Board of Public Works was notified by 
the health officer of the city. He refused to stop the pumps, as 
there was not sufficient water in the reservoir for emergency in 
case of fire. 
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When the pumps were not running, it was customary to allow 
the overflow of the Broad Street well to run through the suction- 

pipe, which sloped downward toward the pumps, through the 

pumping station to the river. There is some uncertainty as to the 
exact time when the gate in this pipe was opened, but during a 
certain period the sewage was high enough on the lower side of the 

gate to allow it to flow back into the suction-main in considerable 
volume. There is evidence to show that this must have occurred, 
since the sewage backed up to the boiler-room floor, and its route 
thence was through a manhole into which the above-mentioned 

suction-pipe discharged. 
None of these conditions making possible the contamination of 

the water supply were known to the City Council, to the Board of 
Public Works, to the Health Commissioner, or to anyone else. 

Mankato citizens prided themselves on their supply of pure 
water, but their assurance was founded on mere assumption, and 
a terrible calamity resulted. 

No one in particular was to blame; the form of government 
which divided the responsibility and the lack of appreciation of the 
need of care in obtaining and maintaining proper sanitary condi- 
tions was the underlying cause. 

Such bad conditions now probably exist in more than one 
Minnesota city. The Engineering Division of the State Board of 
Health should be in a position to examine regularly all sources of 
water supply. Such inspection is at least of as much importance 
to life and property as the inspection of steam boilers, which is 

regularly carried on. 

reconstruction. 

A double object was held in view in making repairs, both to 
make the pollution of the water impossible and to increase the 

capacity of the supply. 
The first step was to rebuild the "old well.,, This well was of 

8-inch bore with a 10-inch casing to the rock at a depth of 130 
feet. The well was reamed out to a diameter of 10 inches; an 
8-inch casing with a rubber packer was placed inside of the 10-inch 

casing and a tight joint made with the rock. An old uncompleted 
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well was also found at the manhole. At the surface it was fitted 
with a goose neck extending above the highest possible high-water 
level in the river and then run to the river to provide for any 
occasional overflow. 

The second operation was to determine the exact location and 
condition of suction-mains. These were found to be overflows or 
drains from the wells to the pump rather than true suction-mains; 
the pumps would not operate until there was about three-pounds 
pressure from the wells, hence the full capacity of the wells could 
not be realized. 

All pipe near the pumping station was found to be of wrought 
iron, and in bad condition. There were many holes extending 
through the pipe, and several joints entirely rusted through, and 
the main from Broad Street to the pumping station had many 
leaks. This old main was torn up and relaid on a grade of 0.10 

per cent upward toward the pumping station. Flanged pipe of 
12 inches in diameter from the pumping station to Front Street, 
and 10 inches in diameter from Front Street to Broad Street was 
used. The old cast-iron pipe from the pumping station to Front 
Street was in good condition, but from Front Street to Broad 
Street there were found 28 breaks, and in two places the pipe had 
broken off entirely. In one break an attempt had been made to 
mend the pipe by wrapping canvas around it. A cold chisel could 
be driven through the pipe at one blow. 

The connection to Second Street well was lowered to increase 
the flow and a water-tight manhole was built. 

Broad Street well was reconstructed. The old bore hole could 
not be exactly located because the well casing had been long since 
corroded. A length of old smoke stack had been put in around 
this casing, and evidently packed with flax seed. Also, a length of 
cast-iron pipe which had evidently been used in an attempt for 

repairs, was found. After making numerous attempts to locate the 
well in the rock 90 feet below the surface, a new well was put down. 
A 20-inch pipe was put down into the rock to a depth of four feet, 
and a 10-inch pipe was put inside of this. The space between 
these two pipes during construction was filled with fine sand. 

Eighty-six cartloads were used in all. The water during the sink- 
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ing of this well was coming up on the outside and the purpose of 

putting the sand inside was to allow it to pass down around the 
lower end of the pipe and be carried up by the water to stop the 
flow on the outside. This expedient succeeded; after a while the 
water came up inside the 10-inch pipe, which was then driven to 
a depth of four feet below the 20-inch pipe. Finally, the space 
between the two pipes was filled with cement mortar, making a 
cement pipe which would always be in place after the destruction 

by corrosion of the iron pipes. A concrete manhole was constructed 
around this well. The bottom was left open and covered with 
sand so that if the old well should by any chance break out it 
would come up through the manhole and make itself evident. The 
reconstructed wells are shown in Fig. 2. 

After this, the suction-main on the McCarthy well was lowered 
and cast-iron pipe substituted for the wrought-iron pipe. 

Changes in the suction-pipes in the neighborhood of the pump- 
ing station were made as indicated in Fig. 3. 

After this, the cross connections from the main sewer to the 
drain from the pumping station were cut off. 

Lastly, a new sewage pumping station was built and in it were 
installed an 18-inch centrifugal pump geared to a 65 H.P. motor, 
capacity 10,000 gallons per minute, and an 8-inch pump geared to 

15 H.P. motor, capacity 1,000 gallons per minute. Both of these 

pumps were designed to operate against a 20-foot head. This new 
construction is shown in Fig. 4. 

All of the reconstruction was under the direct charge of Mr. 

John Wilson, city engineer of Mankato, a graduate of the Engi- 
neering College of the Minnesota State University. 

The location of wells, suction-mains, and sewers on Washington 
Street is shown in Fig. 5. 

Fig. 6 is a map prepared to show graphically the extent to which 
the epidemic spread outside of the city of Mankato. 
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THE LABORATORY DATA. 
F. F. WESBROOK AND H. A. WHITTAKER. 

The epidemiological investigation and the resultant field and 
administrative work were by far the most important and inter- 

esting phases of the Mankato outbreak.' During the Mankato 

work, the time and attention of Dr. H. W. Hill, at that time 
Assistant Director of the Laboratories, were required for months, 
and a large share of the laboratory work was thrown upon the 

remaining members of the laboratory staff. 
These points appear to be worthy of mention, since there were 

many lines of work which very naturally suggested themselves at 
the time and since, which have had to remain uninvestigated in 
favor of more pressing problems whose solution might be of imme- 
diate practical service. Since then, the epidemiological division of 
the Minnesota State Board of Health has been established with 
Dr. H. W. Hill as director. The credit for the epidemiological 
work done in connection with this epidemic justly belongs to Dr. 

Hill, and it has seemed only proper, therefore, that the report be pre- 
sented and discussed in its epidemiological relations by him, particu- 
larly as Dr. Hill was responsible for both epidemiological and field 

laboratory work in Mankato at that time. On this account, and 
because the Mankato studies were of epidemiological and engineering 
rather than of laboratory interest, the tabulations of bacteriological, 
chemical, physical, and other water examinations, Widal examina- 

tions, examinations of blood, excreta, etc., will be omitted. 

LABORATORY WORKERS. 

The selection of field problems and collection of materials dur- 

ing the active work in Mankato were in the hands of Dr. H. W. 
Hill. The collection and forwarding of samples of water and of 
much valuable data, including sketches and information in relation 
to water and sewage conditions, have been most admirably and 

thoroughly carried out by Mr. John Wilson, after his appointment 
as city engineer of Mankato. Dr. A. J. Chesley, late chief of the 

Diagnostic Laboratory of this division and now an epidemiologist 
to the Minnesota State Board of Health, took charge of the routine 

bacteriological examinations of water, excreta, blood, etc., in addi- 
tion to much other important work, while Mr. M. G. Roberts, 
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chemist, undertook the chemical examinations. Later Mr. H. A. 
Whittaker has conducted all of the laboratory examinations of 

water, bacteriological, chemical, physical and biological, and has 
made a special study with Mr. John Wilson of the sources of pollu- 
tion of the Mankato water system. He has also collected, collated, 
and tabulated all of the laboratory data available for Mankato, 
both routine and special, before, during, and since the outbreak. 

Acknowledgment should be made to Dr. O. McDaniel, chief of the 
Pasteur Institute of this division, for oft-repeated and laborious 
assistance at times when the work was pressing. 

WATER INVESTIGATIONS. 

In this report reference will be made only to examinations for 
Mankato and vicinity which bear directly upon the epidemic of 

19o8. For those who are interested in the details of the bacterio- 

logical and chemical findings of the surface waters and information 

concerning the well-waters, reference should be made to "Water 

Supply and Irrigation Paper No. 193," issued jointly by the 
United States Geological Survey and the Minnesota State Board 
of Health, authors R. B. Dole and F. F. Wesbrook. See also 
United States Geological Survey "Water Supply Paper No. 256," 
published by the Survey in co-operation with the Minnesota State 
Board of Health, authors C. W. Hall, O. E. Meinzer, and M. L. 
Fuller. See, also, Bulletin No. 154, Department of Agriculture, 
Bureau of Plant Industry, by Karl F. Kellermann and H. A. 

Whittiker, in co-operation wit! the Minnesota State Board of 

Health, which gives certain references to the Mankato epidemic 
and analyses of water which relate to the cases cited in the bulletin 
as of Mankato origin. 

The analyses of all samples of water collected at Mankato dur- 

ing the period discussed havq been prepared in the form of analyti- 
cal tables, but are omitted for the sake of brevity. 

Eighty-six samples of the Mankato public water supply were 
examined from June 29, 19o8, to August 15, 1910,' while 26 samples 

1 All examinations were conducted in accordance with the Standard Methods promulgated by the 
American Public Health Association. The plates and colon sowings were made in the field according to 
the methods of thesp laboratories (Jour. Infect. Dis., Supplement , 19o05, p. 321; Bull. No. i54, U. S. 

Department of Agriculture). Mr. Wilson, who has had a long experience in laboratory water and sewage 
work and who is thoroughly familiar with the Minnesota methods, prepared the plates, etc., in the field 
when the laboratory representatives were not present. 
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of school, private wells, or other supplies were made for various 

purposes. The four wells comprising the city supply were located 
within the flooded area, and data collected in the field showed 

opportunity for the infection of three of them. The four wells 
were the McCarthy well, the Old well, the Second Street well, and 
the Broad or Third Street well. (For details of operation, struc- 

ture, and environment, as also for stratigraphic data, see the 

Report of the Engineering Division, which precedes this, and also 
United States Geological Survey "Water Supply Papers Nos. 193 
and 256.") 

PUBLIC SUPPLY BACTERIOLOGICAL EXAMINATIONS. 

Eighty-six examinations were made in which the number of 
bacteria per c.c. varied between one and 200, except in three 

samples, where it reached 425, 1,500, and 6,6oo, respectively. 
June 29, 19o8, the count ranged from 50 to 200 colonies per c.c., with an average 

of 130 per c.c., colon bacillus appearing in the Third Street well, and in the system in 
I c.c. amounts and in McCarthy well in ioo c.c. amounts. 

July 18, 19o08, the count varied between 25 and 35 bacteria per c.c., and colon 
bacilli were not found present in one c.c., and were doubtful in McCarthy well, but 
were easily demonstrated in ioo c.c. amounts in the Third Street well and from a 

tap on the system (mixed wells). 
August 22, 1908, the count varied between five and 30 with an average of 17 c.c. 

Colon bacilli were found present in only one of six samples, and then only in ioo c.c. 
amounts in a sample from the system, where the count was five bacteria per c.c. 

September 25, 19o8, the count varied between 16 and I20, averaging 40 per c.c. 
Colon bacilli appeared in i c.c. amounts in only one of the five samples, the count 
for this sample being 16. It was present in only one other sample in ioo c.c. amounts, 
the count for the sample being 27, and the high count sample (120) not showing 
colon bacilli at all. 

October 5, 19o8, the count ranged from two to 36 bacteria per c.c. with an average 
of ii per c.c., colon bacilli not being found present either in one or ioo c.c. amounts 
in five samples. 

October 22, 1908, the count ranged from four to o0 bacteria per c.c., the average 
being six colonies per c.c. Colon bacilli were found in two of the five samples in ioo 
c.c. amounts, but were not found in i c.c. amounts in any of the samples. 

November 9, 19o8, the count ranged from one to 425 bacteria per c.c., colon 
bacilli not being found present in any of the four samples in either i or ioo c.c. 
amounts. 

December 14, 1908, the counts varied between one and seven per c.c., the average 
of the six samples being less than three per c.c., and colon bacilli were not found in 

any of the samples, even in ioo c.c. amounts. 

January 14, 1909, the counts ranged from 5 to 28 per c.c., averaging 17 per c.c., 
and colon bacilli were reported in only one sample in 100 c.c. amounts. 
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February 8 and March 17, 19o09, somewhat similar results were obtained, colon 
bacilli being present only in ioo c.c. amounts, but occurring in six of the nine samples, 
the counts ranging from four to 25 bacteria per c.c., the average being xi per c.c. 

April 7 and May io, 1909, colon bacilli could not be demonstrated even in ioo c.c. 
amounts in any of the nine samples, the counts ranging from three to 25 bacteria per 
c.c., the average being 12 per c.c. 

On August 5 and November 2, 1909, 11 samples were examined and colon bacilli 
reported in ioo c.c. amounts in five samples, the counts of which were 4, o10, 20, I2, 

and ii bacteria per c.c., while the six other samples showed no colon bacilli even in 

1oo c.c. amounts, although the count for one sample was I,500 per c.c. 
May 16, June 13, and August 15, 910o, samples showed no evidence of colon 

bacilli in wells or system. 

The laboratory examinations also revealed the presence of a 

large number of molds in samples collected from the infected 
sources and the system. It seems reasonable to take this as addi- 
tional evidence of infection. 

These analytical data corroborate the field inspection and point 
out infection in three of the wells and in the system. 

The laboratory examinations after July 29, 1908, showed a 

gradual disappearance of the infection, as indicated by the dis- 

appearance of colon bacilli in small amounts, a marked lowering 
in the bacterial counts and the disappearance of the molds above 
mentioned. 

It is true that colon bacilli appeared from time to time in ioo 
c.c. amounts in samples collected from the system, yet the signifi- 
cance of this is not great when it is remembered that repairs and 

changes were made in the system from time to time after the 

original infection. Mr. John Wilson, who later was appointed city 
engineer, has carefully observed conditions in the water system in 
Mankato since the epidemic, and has furnished the following 
explanations relative to the possible sources of colon bacilli present 
in ioo c.c. amounts in the city water from time to time since the 
marked infection disappeared. 

"In the first place, all suction-mains from the Old well and the McCarthy well 
were completely removed and replaced the last week in December of 1908, and the 
first week in January of 1909. This also necessitated a complete change of all piping 
inside the pumping station. 

"Such work might logically introduce colon bacilli, which would appear in small 
numbers for some time afterward. 

"In connection with the appearance of colon bacilli in ioo c.c. amounts in samples 
taken from the Broad Street well, repairs on this well were completed about July 
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15, 1909. As will be noticed from the cross-section of the well (in repiping), we failed 
to locate the old well, or the original hole in the rock. It is reasonable to suppose, 
however, that we were very close to it, although it would hardly seem possible that the 
two intersect. At least the results of my experiment would point that way. The 
cavity around the well was filled with the finest grained sand obtainable and taken 
from the river bank. No doubt the original hole itself was filled with this material, 
in which case the water entering the new hole from the side of the original hole would 

pass through this sand, which, from its source, would be highly impregnated with 
colon bacilli, of which a number might be carried through the thin wall separating 
the two holes. The final disappearance of the organisms would seem to indicate that 
the above might be a correct solution of the problem. 

"The appearance of colon bacilli in small numbers in samples taken from the 
house taps, while samples taken from the sources failed to show it present, was a per- 
plexing problem. It occurred to me that the condition of the reservoir might throw 
some light on the matter. 

"The reservoir is built of stone, about one-half of which is above ground, and 
banked up with earth on the outside. It is covered with a wooden roof, in the top 
of which is a latticed ventilator. The doors are also partly composed of screens. 
Within 50 feet of the reservoir is a small barn, where I found that the owner had 
allowed manure to accumulate. Our health officer had this manure removed, believing 
that the wind might possibly carry contamination through the ventilator and 
screens. 

"The hillside below the reservoir has always been in a more or less of a springy 
condition and I suggested that much of this might have its source from the reservoir. 
It was explained that this could not be the case, as the red iron stain, characteristic 
of the city water, was absent. However, upon emptying the reservoir, it was found 
that there were a large number of minute openings, following the joints in the stone 
walls, through which the water was seeping back into the reservoir. It would seem 
that this might be a more potent factor in introducing colon bacilli into the supply 
than the ventilators, as the water would seep out when the reservoir was full, and be 
drawn back when the reservoir was low, bringing with it some of the organisms from 
the surrounding soil. 

"It is interesting also to note that our reservoir and surrounding soil acted as a 

very efficient iron removal plant. The entire interior of the reservoir was plastered 
and all leaks stopped, during the past summer (1910). 

"The two abnormal counts given on our list are hard to explain, and the only 
possible solution I can suggest is that the taps from which the samples were taken 
were not sufficiently flushed to yield a fair sample. These taps are controlled by a 
common f-inch brass angle valve. I have, of late, in addition to flaming the tap with 
the alcohol lamp, opened and closed the valve a number of times in order to be sure 
that all sediment or foreign material has been removed before taking the sample. 
The above may not be a very satisfactory explanation, but it is the best T can offer 
at the present time." 

The data collected by Mr. Wilson furnish an explanation of the 
source of colon bacilli recurring in the wells after the original 
infection had apparently disappeared, and indicate possible routes 
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for those colon bacilli which were found spasmodically in the dis- 
tribution system. The two abnormal counts mentioned are 

undoubtedly due to some such condition as described, for they are 
unusual and no other explanation can be suggested. The material 
collected by Mr. Wilson and the epidemiological data make it 

appear that this occurrence of colon bacilli in 100 c.c. amounts in 
the later examinations had little if any sanitary significance. 

The epidemiological data go to show that typhoid infection 
from water supply was a temporary affair. The bacteriological 
examinations at the time served as a basis for such an epidemi- 
ological prognosis, yet the occasional presence of colon bacilli pre- 
cluded the possibility of giving the water a clean bill of health. 
Had the efficiency of hypochlorites been recognized then as now, 
a sterilization of the system would have afforded an opportunity 
of determining the significance of the infrequent appearance 
of colon bacilli. From all available data it would appear 
justifiable to regard the occasional presence of B. coli as due to 

repeated local infection during reconstruction, etc., rather than 
to its prolonged persistence after the initial gross pollution of the 
whole system. 

The unexcelled opportunities for observation in many directions 
which are now so plain, would have warranted, among other 

investigations, a search for B. typhosus in the water at the time of 

gross pollution with colon bacilli, particularly since the total bacterial 
count was relatively so very low. As already stated, however, 
the facilities and workers of the laboratory were overtaxed in 
numerous other directions. 

PUBLIC SUPPLY PHYSICAL AND CHEMICAL EXAMINATIONS. 

Complete sanitary physical and chemical analyses were made of 
Mankato public supply between June 29, 1908, and August 15, 
1910, on 55 samples. The results have been tabulated by one of 
us (H. A. W.), but space considerations forbid their introduction 
here. In order, however, to give some idea of the quality of the 
water the following statement may be useful. The table below 
was compiled from 25 analyses of samples of water collected from 
various points on the distribution system between June 29, 1908, 
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and August 15, 1910. These samples represent the mixed water 
from the various wells connected with the public supply. 

Turbidity 
Color 
Total hardness 
Alkalinity 
Incrustants 
Ammonia (albuminoid) 
XT. 

" (^ee) Nitrites XT.Nitrites 
Nitrates 
Chlorine 
Iron 

Average 

310 
329 

21 
.062 

1.216 
0.003 
0.002 
7.06 
2.38 

Minimum Maximum 

2 60 
tr. 38 

208 395 
312 528 

0 81 
0.028 0.146 
0.520 2.280 
0 0.020 

3.00 30.00 
tr. 9.60 

The marked variations noted are largely due to the different 
amounts of water drawn from the individual sources from time to 
time and the normal fluctuations in the quality of the under- 
ground waters. 

PRIVATE SUPPLY BACTERIOLOGICAL EXAMINATIONS. 

During the water investigations at Mankato, 26 wells not con- 
nected with the city supply were examined. These were private 
supplies, some of which were contemplated for temporary public 
use, and industrial, school, and private wells, etc. Of this number, 
65.3 per cent showed no laboratory evidence of infection, while 19.3 
per cent had colon bacilli in one c.c. amounts and 15.4 per cent in 
100 c.c. amounts. As the initial infection originated in the city 
supply, these wells played little if any part in the original infection, 
but were examined because of the popular opinion that they may 
have been factors in the cause of subsequent or secondary cases. 
In nearly every instance these waters showed a higher count than 
samples from any portion of the public supply taken on the same 
date. 

PRIVATE SUPPLY PHYSICAL AND CHEMICAL EXAMINATIONS. 

As might be expected in deahng with wells of varying depth, 
construction, and environment, the variation in the quality of the 
water as revealed by chemical and physical examinations was very 
great. Fifteen chemical and physical examinations were made 
from various sources but neither at the time of the examination, 
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nor since, has it been possible to connect the quality of the water 
with the occurrence of primary or secondary typhoid cases. Single 
examinations of each source were made and it has not seemed of 
sufficient importance to warrant analyses of later samples. 
Comparisons of details are therefore omitted. 

examinations of blood for widal reaction. 

The Mankato authorities were fully alive to the possibility of a 

typhoid epidemic following the infection of the city supply, and 

specimens of blood were forwarded promptly. The first positive 
report was made on July 11. On July 13 two of the nine specimens 
submitted were reported as positive and upon two others a report 
of "suspicious" was made. During the period of the epidemic, 
from the date of the first examination, July 9, to October 27, 88 

positive reports were made on specimens sent to the laboratory for 
examination. These represent 85 separate cases, forwarded by and 

reported to 26 physicians in 14 communities. 

OTHER BACTERIOLOGICAL AND LABORATORY EXAMINATIONS. 

Only one individual who as a "carrier" might have been respon- 
sible for the epidemic was found. This case was thoroughly inves- 

tigated from the epidemiological point of view, and laboratory 
examinations of blood and feces were made, without any results, 
however, as far as isolation of the typhoid bacillus was concerned. 

Throughout the work search was made for other "carriers" who 

might have been responsible for the epidemic, but without avail. 
For the details of this phase of the work, see report of the epidemio- 
logical division, which follows. Other bacteriological examinations, 
such as blood cultures, were not made for the reasons already 
given in the introduction of this report. 

THE EPIDEMIOLOGICAL DATA. 
H. W. Hill. 

The Mankato typhoid fever epidemic of June and July, 1908, is 

worthy of epidemiological note on account of the epidemiological 
statistics derived from its completed returns; for the results of 
the publicity work in circumscribing primary infections, and for 
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the successful reduction to one-half or one-third of the usual pro- 
portions of the primaries and secondaries, by daily inspection and 

supervision. 
No brilliant or intricate epidemiological work was done in dis- 

covering the source of the primary infection, since pollution was 

easily recognized visually in the well-pit of the Broad Street well, 
and even without this the sudden extreme prevalence of diarrhea 
and dysentery uniformly distributed throughout the city water- 
takers could be accounted for in no other way than by contamina- 
tion of the water supply. Hence the outbreak could be and was 

definitely diagnosed as a city water epidemic at the first glance. 
On the other hand, the most careful epidemiological work was 

done concerning the sources and routes of the secondary infections. 
The outbreak was chiefly remarkable for the very definite source 

of the primary infection; its sudden development; the very short 
time during which it was operative to any large extent; its equable 
distribution through the population; the proof (from dysentery 
and diarrhea) of the infection with the polluted water of practically 
the whole population; the relatively small number of primary 
typhoid bed cases resulting (less than 4.5 per cent of the popula- 
tion) ; the remarkably few secondaries; their derivation practically 
exclusively from direct immediate contact with existing cases; 
the abrupt cessation of the primary outbreak when the main 
cause was removed; and the almost absolute lack of slow continu- 
ance by carriers or convalescents in the succeeding years. 

In this report, the first five sections deal with certain general 
epidemiological data and with the application of these data to the 

specific instance of the Mankato epidemic. The remaining sections 

give in detail certain specific features of the Mankato epidemic 
itself. 

The effort has been made to show throughout this report both 
that this outbreak illustrates certain general epidemiological prin- 
ciples, and also that its data go to establish further certain general 
epidemiological principles. 

Were the report written only for epidemiologists, the data itself, 
with the briefest explanations, would suffice. 

It is hoped, however, that the interspersing with the data of the 
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deductions from it and of comments of various kinds will make the 

report more acceptable to those who, without being experts in this 

line, feel an interest in such work. 

THE COLLECTION OF THE EPIDEMIOLOGICAL DATA. 

It was early recognized that this outbreak promised unusual 

opportunities for the use of statistical epidemiology as applied 
to an average city of average composition having practically every 
inhabitant exposed through its water supply to a source invaded by 
a severe and sudden, but temporary infection. 

Hence every effort was made to secure complete first-hand data 
from the patients by men especially assigned to that work and 

appreciating its importance. Cards were filled out for every case 

by Mr. Piper, Dr. Alley, or the writer (all as representatives of the 
State Board of Health), the data being secured at the bedside or 
from the immediate household. The information was checked 
and rechecked as new facts came to light. A special intensive 
house-to-house visitation, similar to that since recommended by 
Professor William T. Sedgwick for the investigation of the typhoid 
of Washington, D.C., was planned and carried out, special inspec- 
tions of dairies, milk handlers, and others were made, and particular 
attention was paid to the differentiation of primaries and seconda- 
ries. The fact that these researches were made as the cases devel- 

oped, not late in the disease or after recovery, gave to the data 
secured an unusual reliability in details. Thus not only were the 
usual data of the epidemiologist secured in the manner and quan- 
tity needed for the ordinary emergency epidemiological diagnosis 
and treatment, but this data was so collected, and so checked, 
revised, and confirmed as to be worthy of credence as scientific 
material for the basing of permanent deductions concerning such 
outbreaks. 

Some months later the whole mass of data was gone over in 
statistical detail by the writer, tabulated, collated, analyzed, and 
interpreted. Finally, in 1911, a second detailed examination of the 
material was made and this report written, in the light of all the 
evidence collected to date. 

Especial attention had been paid in the field to the possibilities 
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of secondary milk infections; the data on this subject were reviewed 
and every infected family which possessed even one cow or sold 
milk was checked against the milk supplies for every patient, in 
itself no small task. 

The names and addresses of patients were checked against each 
other and compared. Correspondence was conducted concerning 
cases infected in Mankato, but taken sick elsewhere. 

A long series of special outside investigations was made in the 
autumn of 1908 by Dr. Alley, who moved from place to place about 
the state as these "outside" cases were found and collected the 

epidemiological data from them in detail. 
Hence the figures presented are unusually comprehensive and 

trustworthy. It is of course impossible that they should be abso- 

lutely accurate. At the same time, errors large enough to alter 
the deductions could hardly have escaped detection. 

North Mankato, a small residential portion of Mankato lying 
on the other side of the Minnesota River and having no Mankato 

city water, being wholly supplied by small driven-wells, acted as 
an excellent check on the local conditions in Mankato proper, while 
valuable contrasts could be drawn in certain lines between the 

development of the main epidemic in Mankato and the develop- 
ment of the sub-epidemics lighted up in other places from visitors 
infected in Mankato. 

THE STATISTICAL STUDY OF TYPHOID CASES FOR EPIDEMIOLOGICAL 
PURPOSES. 

Too often in routine state and municipal records and even in the 
face of epidemics, typhoid cases are listed by the date on which 
the report was made by the physician. The rise and fall of out- 
breaks and even the date when infection first entered the bodies 
of the patients are based upon tables constructed from these dates. 

When it is remembered that the average period of incubation 
is two weeks, varying from five to 21 or more days; that the period 
between the development of earliest symptoms and the first visit 
of the physician is six or seven days, varying from two to 21 days or 
more; that the physician is likely to arrive at a satisfactory diag- 
nosis of typhoid fever only after two to six or eight days' observa- 
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tion and perhaps a Widal or other laboratory test; that the physi- 
cian usually reports without hurry and often after considerable 

delay, if at all, it is easy enough to appreciate that, on the average, 
records tabulated by the dates on which the physician reports his 
cases indicate nothing but very crude and misleading outlines. 
To get the facts, every such case must be retabulated on the basis 
of the date of earliest symptoms of each individual case, before the 
true curves of incidence can be determined; moreover, if the 
deductions from the study of the Mankato outbreak be correct, the 
dates of infection cannot be properly determined by applying 
merely the average incubation period (14 days) to these corrected 

figures, but such determination requires the application of a formula 

(see p. 443 of this report) indicating the relative proportions of the 
chief lengths of incubation usually found, rather than a crude 

average of all. 
That these are not "mere technical refinements," but very 

serious and important factors in the handling of typhoid fever can 
be shown easily. 

Nothing is more common than to find typhoid outbreaks, if 
tabulated by the dates on which they are reported by physicians, 
attributed to causes first operative in the month of report, whereas 
on the average the time of infection was at least a month earlier. 

Long series of years of cases have been considered as autumnal 

typhoid and efforts made to explain them as such because tabulated 

by the dates of reports when consideration would show that these 
cases were really summer typhoid. Time and again outbreaks 
are attributed to specific occurrences on specific dates, occurring 
just before the (reported) outbreaks, the nearness of the specific 
occurrence in time to the reported outbreak being, as a matter of 

fact, conclusive evidence that the two things were unrelated. 

Psychic factors, also, especially in epidemics, enter very largely 
into the dates of reporting. In the very beginning of an epidemic 
there is apt to be some delay, because the first few cases are diag- 
nosed with extreme caution (if typhoid be rare in the community) 
or regarded as commonplace occurrences about which there is no 
hurry (if typhoid be not unusual in the community). Later on, as 
word gets about that an outbreak is developing, physicians become 
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more and more on the qui vive, diagnoses are made without the same 
hesitation, and, in stress of fear of impending disaster, are reported 
promptly. Still later, if cases come thick and fast, the existence 
of a catastrophe becomes an accepted matter?the feeling that 
the authorities have been aroused and are attending to the out- 
break develops?and the physician becomes immersed in the strenu- 
ous task of caring therapeutically for a wholly abnormal number of 
cases. Hence promptness in reporting falls off again. "What 
matters a case more or less now, when there are so many ? I will 

report tomorrow or next day?or will wait until I can report six or 

eight at once and make one job of it." Hence peculiar groupings 
of cases occur, due purely to these psychological factors; yet these 

groupings are often "explained" later on, as correlating with physi- 
cal occurrences absolutely unrelated thereto. 

The only remedy for this confusion and misapprehension lies 
in the systematic epidemiological investigation of every case as 
soon as reported, and the tabulation of the cases by dates of infec- 
tion calculated from carefully established dates of earliest symptoms. 

the interval between the earliest symptoms and the physi- 
cian's FIRST VISIT. 

In typhoid fever, the date on which the patient begins to feel 
sick averages 14 days (but see p. 443 of this report) later than 
the date on which the infection was received, i.e., the date on which 
the typhoid bacilli entered the patient's mouth. These "earliest 

symptoms" are indefinite and are usually disregarded at the time 
of their occurrence, being remembered only if the patient later 
becomes definitely and unmistakably ill. The interval between 
these two dates is of considerable importance. It is sometimes 

quite short, often prolonged?and it is well known that light 
ambulatory ("walking") cases exist in which definite illness, suffi- 
cient to send the patient to bed or to inspire a call for the services 
of a physician, does not develop. Of course, illness which would 
be disregarded or struggled against by some individuals, sends 
others quickly to bed. 

In Mankato, of the 405 recorded cases, 319 gave an average 
interval between earliest symptoms and the physician's first call of 
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5.6 days; i.e., the physician called on the sixth day after the 

development of the first symptoms. The remaining 86 cases gave 
no data, or indefinite data, or gave no interval of time, or an interval 
of one day only, between the two dates. 

It may be taken as firmly established that no physician ever 
sees a typhoid case on the true date of earliest symptoms except 
by accident or under extremely unusual circumstances. So also 
it is very seldom that the patient is seen professionally after but 
one day of this condition. Hence in these 86 cases the earliest 

symptoms were antedated six days from the date when each case 
was first seen, and so appear in Table 1. 

In North Mankato 18 of the total 22 cases gave definite intervals 
between earliest symptoms and the date first seen by a physician. 

"Outside Mankato" yielded 60 cases, out of a total of 84, which 

gave definite intervals. 
It is of considerable interest to note that while the average 

interval in Mankato was 5.6 days, the average outside Mankato 
was 7 days, and in North Mankato 7.5 days; i.e., the Mankato 

patient was seen on the average on the sixth day, the "outside" 
patient on the seventh day, the North Mankato patient on the 

eighth day. 
The explanation of these differences is not perhaps hard to 

find. Mankato was inhabited by a mixed well-to-do population, 
all but panic stricken, thoroughly posted on what might happen and 

tending to look upon any indisposition as possible premonitory 
symptoms of typhoid fever. North Mankato was inhabited by a 

financially less well-to-do population, more chary of unnecessary 
expense and not panic stricken, because not supplied with the 
infected water. The outside cases were as a rule persons who were 
infected as the result of a short stay only in Mankato. They did 
not as a rule look forward to possible development of the disease, 
and when its full symptoms appeared did not appreciate their 
seriousness early. That these explanations are not far fetched 
may be shown by the fact that patients in general throughout 
Minnesota show an interval of about seven days, except in parts of 
Northern Minnesota, where the payment of a monthly fee secures 
the services of the physician. There the typhoid patient goes to 
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see a physician the third or fourth day of the attack, no hesitation 
or delay on account of expense entering into the matter. 

The date of the physician's first visit under ordinary conditions 
is also the date on or about which the patient first goes to bed. 

The logical deduction is, then, that the date of going to bed of 
the patient averages 21 days from the date of infection; but also 
that this period, being the sum of the incubation period and the 
prodromal period, both quite variable, is necessarily also itself 
variable. Thus with five days' incubation and two days of pro- 
dromes, the physician may be called on the seventh day after infec- 
tion; with three weeks incubation and three weeks of "prodromes," 
the physician may not see the case until six weeks after infection. 
Hence the unreliability of records based on the date of the physi- 
cian's first call or the date of going to bed. Of course it is also 
true that the physician does not always see the patient until the 
latter has been in bed one, two, or even more days; and the physi- 
cian, called to see a patient still up, may not at once recognize the 
disease, and may see no immediate reason for sending him to bed. 
For all these reasons the date of earliest symptoms, checked by the 
date of the physician's first call and the date of going to bed, is the 
best date to use for calculations. 

Interval Between the Date of Earliest Symptoms and the Physician's 
First Visit. 

North Mankato (18 cases gave data).?Average interval7.5 
days, i.e., the physician called on the average on the eighth day. 
Number of days in interval, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 
Number of cases showing intervals, 2, 5, 3, 2, 1, 1, o, o, o, 1, o, o, o, o, o, o, 

Number of days in interval, 18, 22, 31 
Number of cases showing interval, 1, 1, 1. 

It must be noted, however, that over half the cases were seen 
before the fifth day. 

Mankato cases (over 300 cases gave data, nearly all here listed).? 
Average 5.6 days, i.e., the physician was called on the average 
about the sixth day. 
Number of days in interval, 2, 3, 4, 5, 6, 7, 8, 9,10,11,19,21,23 
Number of cases showing interval, 55, 57, 53, 42, 18, 55, 12, 12, 4, 3, 2, 2, 1. 
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It must be noted that over half the cases were seen before the 
fifth day. (Some scattering intervals were not given.) 

Outside cases (58 cases gave data).?The average was seven days. 
Number of days in interval, 2, 3, 4, 5, 6, 7, 8, 9, io? n, 12, 13, 14, 20 
Number of cases showing interval, 8, 3, 5, 10, 5, 7, 2, 3, 5, 1, 4, 1, 3, 1. 

It must be noted that half the cases were seen before the seventh 

day. 
These tables show that publicity and the fear of typhoid in 

Mankato drove the people to consult a physician early?soon after 

symptoms began. Outside Mankato the average conditions existed 
and a physician was not called until the symptoms became more 
severe. 

INCUBATION PERIODS. 

The incubation period of typhoid fever is the interval between 
the date of infection and the date of development of the earliest 

symptoms. As outlined in considering the period between the 
latter date and the date on which the case is first seen by a physi- 
cian, it is often difficult to fix accurately the date of earhest symp- 
toms. Hence, although the incubation period is generally con- 
sidered as averaging 14 days, some epidemiologists prefer to fix 
the date of infection as 21 days before the first visit of the physician, 
or the date of going to bed, rather than at 14 days before the date 
of earliest symptoms. The writer used a new method (see p. 443 
of this report) based on these incubation periods and applied to the 

question of the continuity of the infection. 
The fact that a number of cases developed typhoid fever at 

various points outside of Mankato after receiving infection in 
Mankato during visits limited to one, two, or a few days, gave the 

opportunity for determining their incubation periods with some 

degree of accuracy. 
Those whose stay in Mankato was for but one day naturally give 

the most definite information. Of such there were 12 males and 
nine females, giving an average of 131|days, without discrimination 
of age or sex. One of these gave a period of 29 days, so unusually 
long as to appreciably affect the average. Omitting this one, the 

average is 13^ days. Hence the earliest symptoms developed on 
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the average on the 14th day, but with wide variations in individual 
cases. 

Those whose stay in Mankato exceeded one day were used for 
supplementary information, by calculating the date of infection 
as the middle of the visit. Of such "indefinite" cases there were 
six males and four females, giving an average of 15J days. If, 
however, we assume that each of this group received infection on the 
first day of the visit instead of the middle of the visit, the incuba- 
tion periods for this group would average 13^ days, thus giving 
the average date of earliest symptoms as the 14th day. 

If the "definite" incubation periods for males and for females 
be averaged separately, the average period for females (15^) is 
found to be slightly longer than that for males (i2|f). However, 
if the two extreme incubation periods be omitted (the shortest 
five days, from the male list, the longest 29 days, from the female 
list) it is found that both lists yield the average date of earliest 
symptoms as the 14th day. 

The "indefinite" periods, however, when thus arranged, indi- 
cate a longer incubation period for females than for males, whether 
the date of infection be assumed as occurring in the middle of the 
visit or on the first day of the visit. It would seem, then, that 
females may on the average develop symptoms of typhoid fever a 
day or two later than males. The individual cases are not, how- 
ever, numerous enough to permit any very conclusive deductions. 
To offer an explanation of what may not be a constant feature 
would be premature. 

females. 

Number 

18 
10 
72 
74 
60 

9 
II 
56 
76 
7 

89 
61 
17 

Age 

24 

16 
IS 

IS 

17 

Period from Date of In- 
fection to Date of Physi- 

cian's First Call 

11 
24 
13 
25 

13-21 
19-22 

25 
25 
21 
34 

25-26 
30-33 

Incubation 
Period 

10 
11 
15 

16-19 
18 
18 
16 
29 
14 

19-20 
22-25 
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Number Age 
Period from Date of In- 
fection to Date of Physi- 

cian's First Call 
Incubation 

Period 

7 
81 
55 
30 
15 

63 
s 

20 

Vo 
83 
34 
77 
59 

4 

24 
26 
28 
28 
30 
30 
32 
34 
44 
44 
14 
39 

19-20 
26 
19 
11 
20 
17 

19-25 

l6-22 
28 
16 
24 

I5-l8 
20 

14-15 
12 
29 

19-25 

I7-l8 
17 

7 
5 

15 
12 

16-22 
20 

10-16 
18 

6-9 

17 
12-18 

SOURCE OF THE TYPHOID INFECTION OF THE MANKATO CITY WATER. 

Two distinct outbreaks of two different diseases existed in Man- 
kato as the result of Mankato sewage entering the supply on or 
about June 25, 1908. 

The first, most extensive, and that which earliest caught wide- 

spread public attention, was termed for convenience the initial 
diarrhea. The second, a smaller and later outbreak, was a classical 

epidemic of typhoid fever. 
The initial diarrhea involved adults and children of both sexes 

and all ages to the number of 4,000 to 6,000 cases, i.e., fully half of the 
drinkers of city water suffered. Eleven horses are stated on the 

authority of a prominent local veterinarian to have shown similar 

symptoms. Occurring principally as the result of the pollution 
dating about June 25, these cases seemed to yield probable incubation 

periods of 0-4 or 5 days with exceptionally longer periods which 
could not be fixed at all absolutely. Many of those who visited 
Mankato for but a day during this period and drank the city water 
contracted diarrhea, but the date on which the diarrhea occurred 
as compared with the date of drinking the water is not recorded in 

any such case. 
In one instance death occurred indirectly attributable to this 

diarrhea. A female aged about 38 arrived in Mankato during the 
diarrheal outbreak, June 27, drank the water and at once developed 

males. 
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very violent vomiting and purging, dying the evening of the day on 
which she arrived. The actual cause of death was cerebral hemor- 

rhage, induced by the exhaustion and strain of the attack. This 
was the only death attributable to this disease in Mankato. 

The disease clinically varied very much?from mere passing 
looseness with or without slight pain or general ill-feeling to 

fulminating attacks quite like ptomaine poisoning in their violence 
and the extent of the collapse. Some cases lasted a day or two, 
others a week or two. 

The persons who suffered the initial diarrhea contracted typhoid 
fever in greater proportion than did those who escaped the initial 
diarrhea. 

Experiences in St. Peter in July, 1908, and in 1909, at the 

University Agricultural School in 1907, and in Hibbing in 1910 show 
that this diarrhea may occur without a subsequent typhoid fever. 
These four outbreaks of diarrhea furnished respectively 300-400 
cases, 300-400 cases, 600 cases, 1,600-2,000 cases, in each instance 

involving a very large proportion of the total water-takers. The 
clinical symptoms and especially the wide variation in severity and in 
the length of the attack were similar in all instances. All four of these 
outbreaks were due to water-infection; no one of the four resulted 
in even a single case of typhoid fever. In one instance the infec- 
tion was due to the admission to the artesian water supply of ordi- 

nary domestic sewage. In one instance it was due to pollution by 
laborers working in the deep shafts from which the water supply 
was derived. In the other two instances it was due to infection 
of artesian water with river water, at that time in flood, the flood 
water bearing the sweepings of the river valley above the point of 
infection and the sewage of at least one city, greatly diluted, however. 

Other outbreaks of a similar character, some associated with 

typhoid fever, some not so associated, have been encountered in 
Minnesota and traced conclusively to fly-carriage of human dis- 

charges from outdoor toilets or similar exposed deposits of human 
feces and urine, possibly to similar carriage of garbage( ?) or of 
horse manure (?). 

Hence we know absolutely from Minnesota studies that the 
admission of human discharges to human food or drink, may 
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produce, according to the amount of the discharges, or their charac- 

ter, or both, first, no effects; second, effects on the alimentary tract, 
non-typhoidal but extremely severe or extremely mild or inter- 
mediate in character, quickly passing off; third, typhoid fever. 
Also that typhoid-infected discharges may produce conditions given 
under 1 or 2 or 3, or 2 followed later by 3, while discharges not so 
infected can produce only results as given under 1 or 2. 

We have every reason to believe that, while we do not know just 
why or when or how the intestinal disturbances above described, 
other than typhoid, are precipitated, we do know that typhoid 
fever cannot occur unless the discharges taken with the food or 
drink contain the typhoid bacillus. Thus we are safe in saying 
that in the outbreaks at St. Peter, the Agricultural School, and 

Hibbing, above referred to, typhoid bacilli were not present in the 
material which infected the supplies in quantities sufficient to 

precipitate disease. On the other hand, where typhoid fever occurs 
we know that human discharges containing typhoid bacilli were 

involved, for these are the only known sources of typhoid bacilli, 
and moreover their presence fully accounts for all instances. 

Hence, the development of typhoid fever at Mankato from the 

city water demonstrates, not only the pollution of that supply 
with human discharges, but also the pollution of that supply with 

typhoid-infected human discharges. The initial diarrhea is fully 
and completely explained by the admission of human discharges 
to the supply, whether these discharges contained typhoid dis- 

charges or not. The typhoid outbreak makes it certain that the 

discharges contained typhoid bacilli also. 
Whence came these typhoid bacilli? The most careful search 

of the records of hospitals and physicians'records showed no typhoid 
fever cases contributing to the sewage for many months previous 
to the outbreak, with the exception of one case, infected elsewhere 
and sick at home during the preceding December, January, and 

February. On recovery this patient continued work in Mankato. 
It is not to be believed that the discharges of this patient so 

infected the sewage in February that al the end of June enough 
bacilli remained to precipitate the Mankato epidemic. 

The possibility that this patient might have become a chronic 
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carrier, voiding typhoid bacilli, and so more or less continuously 
infecting the sewers up to the end of June, must be admitted. 

Examinations of this patient's feces and urine were made by 
the laboratories of the State Board of Health to elucidate this point, 
but bacilli were not found, nor does any history exist then or since, 
of immediate associates of this patient contracting the disease 
from her?as would probably have been true were this patient a 
chronic carrier. 

Hence we are forced to conclude that the typhoid infection 

unquestionably present in the city water was derived from the 

discharges of persons unknown, probably transients, early cases, 
convalescents, walking cases, or even carriers, among the general 
population in Mankato at this period. 

Transients are common in Mankato?traveling men, business 
men of all descriptions, visitors. At the end of June, the Normal 
School was drawing widely from all over Minnesota, and business 

colleges, etc., were running. A ministers' convention met June 
24-30. A circus was present June 25. Hence Mankato had every 
opportunity to entertain many infected persons, and, owing to the 

fairly complete sewerage systems, the discharges from these had 

every opportunity of mingling with the general sewage. When 
the latter entered the water supply the infected discharges entered 
with it. 

date of first infection of mains as derived from the occur- 
rence OF THE INITIAL DIARRHEA. 

The initial diarrhea, in persons later developing typhoid, so far 
as definitely dated, occurred on June 25 in 27 cases, June 26 in 
seven cases, June 27 in two cases, July 4 in one case. The inten- 
sive investigation discovered the initial diarrhea in persons not 

developing typhoid as originating June 25 in 13, June 26 in 34, 
June 27 in two, July 1 in two, July 4 in five, "June" in 13, "July" 
in one case. These included Mankato and North Mankato people. 
Among the typhoid cases which developed outside Mankato, some 
are recorded as being in Mankato but one day; others two, three, 
or four days only. It is significant that no outside typhoid case 

developed as the result of any visit terminated previous to June 25. 
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Of those in Mankato on June 25 only, who later had typhoid, 11 

developed diarrhea; on June 27 only, one developed diarrhea. Six 
cases present in Mankato from two to eight days, beginning June 
24, developed diarrhea. A single case, attributed to drinking 
Mankato water on July 18 only, showed some initial diarrhea. In 
no other case is diarrhea attributed to drinking the water later than 

July 4- 
Thus a total of 51 cases of diarrhea definitely correlate with 

infected water as early as June 25, but not one case earlier. The 
incubation period of this diarrhea is, we have reason to believe, 
from a few hours to several days. Hence there is conclusive 
evidence of infection of the water on June 25, but no evidence of 

any earlier infection. How long infection of the mains lasted, 
capable of producing this diarrhea, cannot be determined definitely. 
It seems evident that the bulk of this infection occurred in June; 
that a small proportion occurred in early July; one case possibly 
as late as July 18. 

a study of incubation periods to determine continuity of 
typhoid infection. 

From the admittedly meager data on incubation periods (21 
definite and 10 indefinite) we may tentatively calculate that taking 
the intermediate figure in each "indefinite" as the true period for 
that indefinite, we have 31 incubation periods which may be arranged 
thus by date of earhest symptoms. 
Days after infection, 5th, 7th, 8th, 9th, 10th, nth, 12th, 13th, 14th, 15th, 16th, 
Cases, 2, 1, 2, 1, 2, 3, 1, 1, 1, 3, 1, 
Days after infection, 17th, 18th, 19th, 20th, 24th, 29th. 
Cases, 3, 5, 1, 2, 1, 1. 

Hence of 31 people infected on a given date, there would be three 
who showed symptoms within one week later, 11 within another 

week, 15 within the third week, one in the fourth, and one in the 
fifth week. 

Without attaching too much importance to the actual relative 

proportions in which the different incubation periods occurred in 
this outbreak as representative of the usual proportions, it is 
nevertheless very curious and interesting to note that if we assume 
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a violent infection on June 25, continuing but diminishing, so 
that but two-thirds as many were infected by the end of the first 
week, and but one-sixth as many by the end of the second week, 
we obtain the following proportions: 

1st 2d 3d 4th 5th 6th 7th 
Week Week Week Week Week Week Week 

Proportion for 31 people 3 11 15 1 1 0 0 
Proportion for 186 people infected June 25 18 66 90 6 6 0 0 
Proportion for 124 people infected by end of 

first week thereafter 12 44 60 4 4 0 
Proportion for 31 people infected by end of 

second week thereafter .. 3 n 15 1 1 

Theoretical results by dates of 
earliest symptoms 341 18 78 137 77 25 5 1 

Actual returns of earliest symptoms 349 13 75 151 75 21 12 2 

This rather startling parallelism between the purely theoretical 
and the actual returns is somewhat further enhanced if in the fifth 
week two cases returned as possibly secondary be added to the 
actual returns. So far, then, it would appear that the supply was 

indubitably infected June 25 to July 9 and that an infection between 
these dates would account for nearly all the cases which showed 

symptoms to July 30. 
Two factors would account for a decided diminution in the 

number infected at the end of the first week?notification that the 
water was infected, with directions to boil it, first given late in 

June, and gradual dilution of the infection by inflowing pure arte- 
sian water; probably also the natural dying out of the bacilli. 
All these factors continued to operate during the second week 
and with increasing effect; but some persons continued to drink 
the raw water to the end of the third week after infection, thus 
doubtless extending the primaries. The typhoid infection of the 
mains seems to have continued, on other evidence, at least as late 
as the 18th and perhaps the 25th, as on these dates visitors (three 
on the 18th, one on the 25th) to Mankato for one day only became 
infected. By this time residents almost without exception had 
abandoned the use of raw water, many boiling even well-water 

wholly unconnected with the city supply. In certain instances, 
however, Mankato residents not exposed to secondary infection, 
so far as careful investigation showed, admitted drinking city water 
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late in July and contracted the disease, but these cases might have 
been untraced secondaries. 

It may be considered that 30 days (June 25 to July 25) or even 

23 days (June 25 to July 18) is a rather long period for typhoid 
bacilli to remain in water in a condition capable of producing 
typhoid fever, especially in view of the constant dilution of the 

pollution and the washing out of the mains due to constant influx 
into the water main system of artesian water, and to extensive 

flushing done specifically for these purposes. 
The usual period of persistence of infection in a surface water 

exposed to sun and air and not changed by inflow and outflow is 

currently held to be not longer than two weeks. Whether or not 
this period has ever been determined in view of the proportionate 
distribution of varying incubation periods as given above, is unknown 
to the writer. Nevertheless, there is evidence first obtained here in 

1907, from the records of the Breckenridge typhoid, that the shutting 
out of sun, light, and air by ice in winter on the Otter Tail River 
conduced to greater longevity or virulence, or both, of the typhoid 
bacilli. This was later noticed by Riidiger regarding the Red 
Lake River and still later worked out experimentally by him, 
with quantitative experiments on the actual reduction in longevity 
of typhoid bacilli in Red Lake River water in summer as compared 
with winter. 

Artesian water flowing directly into mains would be, if infected, 
somewhat in the same condition as regards light and air as surface 
water in winter flowing under ice. Hence it would be proper to 

expect a greater longevity of infection in mains under the Mankato 
conditions than in an open surface water. 

Unfortunately for all concerned, it cannot be demonstrated from 
engineering, meteorological, or other data that the mains received 
infection only on June 25, although there is also no proof of typhoid 
pollution entering the supply later than that date. Indeed it is 
not improbable, although not now to be proved, that the mains 
received new infection for some time?how long cannot now even 
be guessed. Hence there is no way of determining with any degree 
of certainty that typhoid bacilli survived in the mains for a greater 
period than they would have survived in surface water. On the 
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hypothesis that a single infection only occurred (01} June 25) it 
would appear conclusively that they survived for at least two full 

weeks; almost conclusively, for 23 days; on some evidence, for 

30 days. 

Relation of an Attack of the Initial Diarrhea to the Development or 
Non-development of Typhoid Fever in the Same Persons 

Initial Diarrhea. Typhoid. 
-f- + = 2o6 persons 
? 4" ^ S3 persons 
4- ? = 253 persons 
? ? = 144 persons 

Total with initial diarrhea = 459 (typhoid followed in 206). 
Total without initial diarrhea = 197 (typhoid followed in 53). 

Hence nearly half of those with initial diarrhea had typhoid, 
while only a little over one-fourth of those who did not have the 
initial diarrhea suffered later from typhoid fever. 

It would seem, then, that there was no evidence, as has been 

supposed, that the initial diarrhea purged the system of the typhoid 
bacilli and so reduced the tendency to typhoid. 

The question of how many persons suffered in Mankato from the 
initial diarrhea may be answered approximately by these figures. 
Thus, of 397 non-typhoid persons showing data, 253 suffered the 
initial diarrhea and 144 did not. If the 10,000 water-takers in 
Mankato suffered in approximately the same proportions as those 

investigated there were about 6,000 who had the initial attack of 
diarrhea. This figure is not exaggerated, as inquiry showed that 
the majority of all persons questioned gave a history of an attack. 

Among these 6,000, then, occurred 206 cases of typhoid. We 
know that of the 4,000 remaining citizens only 53 had typhoid. 
(Data on the remaining 96 primary typhoids is indefinite on this 

point.) 
Hence those who escaped the initial diarrhea constituted 

two-fifths of the population but they supplied only about one-fifth 
of the total cases of typhoid. 
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total cases and subdivisions. 

The Mankato typhoid infection resulted in the development 
of 511 typhoid bed cases of which we have definite records. Owing 
to the minute watchfulness of the local Health Department and 
the State Board of Health representatives, but few if any bed cases 

escaped record. 
The recorded cases include (1) primary cases (440); i.e., infected 

directly by drinking water containing typhoid bacilli in Mankato. 
Certain of these cases (20) occurred among residents in North 

Mankato, certain others (66), among those temporarily in Mankato 
as visitors or on business. The majority (354) naturally occurred 

among permanent residents of Mankato. 

(2) Secondary cases; i.e., infected, not by taking typhoid 
bacilli into their systems in the drinking water, but by taking them 

directly from existing sick persons?the discharges of the latter 

reaching the mouths of the secondary cases on fingers (their own 
or intermediary), or in food infected by the sick, by intermediaries, 
by soiled laundry, or by flies. This latter group is important 
because it consists of cases which were not an essential part of the 

general outbreak?since they need not have occurred, notwith- 

standing the primary outbreak, if the theoretically correct sanitary 
care and sanitary nursing of the patients had been carried out 
in minute detail. As it was, the unusual sanitary care taken in 
this outbreak in the nursing of the sick under the constant sur- 
veillance of those in charge of the epidemic, reduced the secondary 
cases much below the usual ratio of such cases to primary cases. 

These secondary cases are likewise divided into those which 
occurred in North Mankato (two), those occurring outside (18), 
i.e., in communities to which went some of the primary cases in- 
fected in Mankato, and those occurring in Mankato itself (51). 
This division is useful for a number of reasons and particularly 
brings out the point that the secondaries were more abundant 

among outside cases than in Mankato and North Mankato, 
where the publicity, warnings, and supervising visits continuously 
given emphasized the danger and pointed insistently to the pre- 
ventive measures. 
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TABLE t. 
Typhoid Cases Infected Directly or Indirectly by Mankato Water. 

North Mankato Outside j Mankato 

Male Female Total Male Female Total Male Female Total 

Primary 12 8 20 ? 26 40 66 161 193 354 
Secondary 0 2 2 7 11 18 15 36 51 

Total 12 10 I 22 j 33 51 84 176 229 405 

Total primaries, 440; total secondaries, 71; grand total, 511. 

This table represents the most accurate classification that could 
be made from the data at hand. It is not always possible 11 
determine whether a case is primary or secondary, so long as the 

primary source evidently continues to operate. Moreover, it is 
not always possible to determine just when the primary cause 
ceases to act. Hence there is often an interval when a double 

uncertainty must exist, i.e., during that period when it is not clear 
whether or not infection from the primary source has ceased. 
Thereafter, of course, every case occurring must be secondary. 

These periods were fairly well defined in the Mankato epidemic 
by the epidemiological evidence, i.e., that relating to the cases 
themselves, as distinct from meteorological, engineering, or labora- 

tory data concerning the environmental conditions. 
Hence of 317 families involved, 32, or about 10 per cent, yielded 

secondaries. Of the 285 families giving primary cases only, 41 
families, or about 14 per cent, yielded more than one primary 
case, or a total of 91 cases in 41 families. 

Of the 32 families yielding secondaries, 16 families showed one 
case only (but that one secondary) while 16 families showed two or 
more cases, one or more being secondaries. In one of these families 
there were two secondaries, without any primary within the family. 
(The first secondary received infection from work in a laundry, 
handling infected clothing; the second received infection from 
this first.) The 15 remaining families showed one or more primaries 
followed by one or more secondaries, a total of 19 primaries and 

29 secondaries. 
In at least four of the 16 single-case (secondary) families, possible 

walking typhoids in the family existed. These walking cases, if 

they existed, would furnish the cases primary to the secondary 
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cases?which later however, were alone recognized. In a number 
of instances (six) certain cases listed as outside Mankato, because 
their illness occurred elsewhere than in Mankato, were connected 
with families in town where they were present as visitors or domes- 
tics or boarders, etc. These cases, had they been sick in Mankato, 
would have slightly increased the number of multiple-case families 
in Mankato. 

Nurses infected while nursing typhoids in private families were 
counted as members of the families concerned. 

GENERAL AGE AND SEX INCIDENCE AS COMPARED WITH GENERAL 
AGE AND SEX COMPOSITION OF THE POPULATION. 

A map of Mankato, showing both the city water mains and 
the primary cases, indicated a practically uniform and homogeneous 
distribution correlating with the city water distribution. Some 
families and small neighborhoods, using largely private well-water 
even in the city districts, escaped. On the other hand, some per- 
sons outside the city water district, notably in North Mankato, 
succumbed, but in all instances the primary cases from these out- 
side districts were found to use city water while at work or on 

trips "down town." These exceptions were rather rare, and the 
North Mankato cases are separately classified. 

Hence it was true that this outbreak affected the Mankato 

population pretty uniformly, and that the cases were drawn, 
fairly proportionately to the composition of the population, from 

every class of that population, whatever the basis of classi- 
fication. 

A comparison of the age incidence of the disease in Mankato 
with the age composition of the general population as given in the 
census report of 1900 is therefore of interest, although no very 
minute deductions are proper. It is worth noting that, although 
the average age distribution of the population decreases pretty 
uniformly as the age increases, the most abundant ages (young 
children) supply the smallest number of cases (children under 10 
form about 27 per cent of the Minnesota population, but yielded 
only 12 per cent of the cases). This comparative immunity of 
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Chart i. 
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Total cases occurring in Mankato (excluding North Mankato) and outside, by age and sex. 
Males, continuous line?Females, interrupted line?Age distribution of general population, dotted 

Mankato males listed, 175. Females listed, 227. Total, 402. (Three cases?one male, two 
females?age not given.) 

Outside males listed, 31. Females listed, 51. Total, 82. (Two cases?males?ages not given.) 
In Mankato, female patients exceeded male patients at ages 15 to 24, and again at 30 to 34. 

Otherwise the parallelism is quite remarkable. 
While the excess is partly accounted for by the excess of female secondaries (due to greater expos- 

ure in nursing, etc.) over male secondaries, it is in part due to an excess of female primaries, probably 
due to a variety of sociological reasons which gave to the general population of Mankato an excess 
female population. As a well-to-do manufacturing, business, and scholastic center, females in many 
capacities were engaged as office girls, clerks, stenographers, students, servants, etc. 

The excess of outside females over outside males is wholly accounted for by the excess females 
among Normal students and teachers, visitors and secondaries. 
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Chart 2. 
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Total cases due to Mankato infection (Mankato, North Mankato and outside) by age and sex. 
Males, continuous line?Females, interrupted line 
Males listed, 218. Females listed, 288. Total, 506. (Five cases?three males, two females?ages 

not given. 
The excess of females from 15 to 34 is due in part to an excess of females exposed to the infection, 

as visitors, Normal and other school students, domestics, etc., but also in part to the greater exposure 
of females to secondary infection when acting as nurses to primary cases. 

The statement that typhoid fever selects males rather than females, where exposure is equal, was 
evidently wholly untrue in this outbreak, the sexes being infected primarily in proportion to their relative 
abundance. 
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children ceases in the age-group 10-14 years, and thereafter the 
incidence in the males runs roughly parallel with their numerical 

proportions in the population. The lines indicating incidence in 

females, however, do not become even approximately parallel until 
the group 35-39 is reached; thereafter the curves of male and 
female cases are almost identical. 

A partial reduction in the discrepancy between male and female 
incidence is seen at the female age-group 25-29, but a sharp fe- 
male rise occurs in the next age-group. 

The marked disparity between the numbers of males and females 
attacked is seen at ages 15-34, in which it reaches an excess of 78 
females over males (109 males, 187 females). 

In North Mankato, the disparity is small; indeed there is one 
male in excess for the whole age-group. At 15-24 females are 
three in excess; from 25-34 males are four in excess. The absolute 

figures are small, but seem to correlate with a tendency for the 

younger females (all, except one secondary, employed in Mankato) 
to work in Mankato; the older women remaining at home and 

escaping infection. The older men on the other hand (all the men 
affected were employed in Mankato) were at work away from 

home, and naturally in Mankato, where the call for their labor was 

greatest. 
In those counted as "outside Mankato/' the total disparity is 

22 females in excess, 20 of the excess being between 15-24. 
The female secondaries, six (excess three), are double the 

male, three. The normal school furnished four teachers and eight 
students, all females (excess 12). The business college supplied 
an excess of one female. Among the visitors, there were males 
16 and females 18 (excess two). Five female servants against one 
outside male clerk complete the list of help claiming their homes 
outside. It is evident, then, that the excess in the females present 
in Mankato from outside homes at the time of the outbreak came 
from the classes in the general population which were in excess in 

females, and from secondaries?women being naturally with the 
sick more than men and hence more likely to be infected. (Four 
additional female normal students are recorded in the Mankato 

lists, although properly, perhaps, belonging here. This would add 
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to the excess females outside without disturbing the above deduc- 
tions?rather strengthening them.) 

Mankato itself shows an excess of 57 females?or 53, if the four 
female normal students just mentioned be omitted. An actress 
and a servant, both from outside, might also be subtracted. 

The female secondaries were 20 (excess 17) as against three 
males. This is due undoubtedly to the fact that the males of these 

ages avoid the sick, while the females gravitate to them as nurses, 
etc. But, discounting for outside and secondary females, the 

proportion still remains (nearly) four females to three males in- 
fected. The census report of 1900 gives females slightly in excess 
of males, without distinction, unfortunately, as to particular age- 
groups. General information concerning Mankato seems to indi- 
cate that females exceeded males decidedly in the general popula- 
tion at the date of the outbreak, but no definite figures are available. 

The following conclusions seem justified: 
1. That the apparent excess attack of typhoid fever at the ages 

10-29 is due simply to the greater abundance of these ages in the 

average population. Hence that typhoid fever does not select 
these ages out of proportion to other ages. 

2. That the relative escape of children under 10 from typhoid 
fever is established and is more marked than is usually supposed, 
when the abundance of these ages in the average population is 
considered. Hence children, when equally exposed (apparently) 
with adults, show a very decided but gradually diminishing escape 
(whatever the reason for that escape may be) between birth and 
10 years of age. 

3. That age and sex succumbs to typhoid fever approximately in 
direct ratio to the exposure to infection; and that equal numbers 
of males and females of a given age, equally exposed, would 
succumb in about the same proportions, regardless of age, except 
as concerns the groups below 10 years, and perhaps above 70. 

DISCUSSION OF ALLEGED SUSCEPTIBILITY OR IMMUNITY FACTORS IN 
THE INCIDENCE OF TYPHOID FEVER. 

At first glance, the fact that a population of approximately 
10,000 city water-takers in Mankato, at least 6,000 of whom drank 
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the polluted water (as shown by the development of 6,000 cases 
of the initial diarrhea), developed only about 500 bed cases of ty- 
phoid fever, might be taken to indicate a widespread resistance 
to typhoid fever among the general population. That such a 
relative resistance (whatever its nature) exists among children 
under 10 has been shown. Children of these ages form approxi- 
mately 27-30 per cent of the average Minnesota population but 
contributed only 12 per cent of the cases in Mankato. It remains, 
then, to account for the fact that the remaining 70 per cent (7,000 
persons) showed less than 500 bed cases. (We may admit an addi- 
tional equal number of walking cases and still ask a similar question.) 

Let it be remembered to begin with that Mankato had been 
free from typhoid fever for many years, so that acquired immunity 
to typhoid fever among its citizens was rare. Also that the 

alleged effect of the initial diarrhea in "flushing out" the intestine 
in such a manner as to drive out the typhoid bacilli ingested at the 
same time, is disproved by a consideration of the actual figures 
(seep. 446). 

Admitting, then, about 1,000 cases (bed and walking) of typhoid 
fever from a population of 10,000 persons, the escape of the remain- 

ing 9,000 persons might be explained on the following hypotheses: 
1. That only the 1,000 persons who succumbed did actually 

at any time take typhoid bacilli into their mouths. 
2. That a much larger number took typhoid bacilli into their 

mouths, but that in only 1,000 of these did the bacilli survive the 

ordinary defenses of the body encountered during the journey from 
the mouth to a point where they might so establish themselves as 
to produce symptoms. 

3. That practically the whole population took typhoid bacilli 
into their mouths (practically the whole population took the 

polluted water into their mouths); that in a large proportion of 
cases these typhoid bacilli survived the ordinary defenses of the 

body encountered en route to a point d'appui (this was evidently 
true of the dysentery-causing agents in at least 6,000 persons): 
but that in only 1,000 persons did the typhoid bacilli, after reaching 
this point d'appui, succeed in so establishing themselves as to become 

disturbing factors in the body economy. 
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In brief it might be urged that in about 9,000 of the 10,000 
persons exposed a specific immunity against typhoid fever existed; 
and that, since this immunity could not have been acquired immun- 

ity in any large proportion of the persons, natural immunity to 

typhoid fever must be very common in the average population. 
Concerning (1), it may easily be shown that practically the whole 

population drank the polluted water. The equable distribution of 
the cases, both of the initial diarrhea and of the typhoid fever, 
throughout the city, showed that the physical distribution of 
both in space were coextensive. A consideration of incubation 

periods, with dates of earliest symptoms, shows that the typhoid 
fever infection was coextensive with, even exceeded, the initial 

diarrhea, in its distribution in time. 
On the other hand, it is inconceivable that the typhoid discharges 

present in the sewage which infected the water supply could have 
been quantitatively more than a very small fraction of the total 

discharges present in the sewage. We may conceive of so equable 
an admixture of the sewage with the water that abundant bacilli, 
say B. coliy would be almost uniformly suspended in every gallon, 
even every glassful of the water, so that practically everyone who 
withdrew any of the supply for drinking purposes, withdrew a 
considerable number of colon bacilli at the same time. But it is 
difficult to conceive of an equally uniform suspension in the water 
of the very much smaller number of typhoid bacilli. It seems 

likely that these bacilli would exist in suspensions more dense at 
certain times and in certain places than at other times or other 

places; in brief, that the typhoid bacilli, if visualized in the mains, 
would show not a uniform homogeneous density of suspension, 
but a more or less irregular alternation of "condensations and rare- 
factions." The chances that any given water-drinker, taking 
from the mains his daily gallon or less for drinking purposes, should 
draw his quota from a "condensation" rather than from a "rare- 

faction," would be small as compared with his chances of drawing 
out a condensation of B. coli?especially when it is remembered 
that the average density of the colon bacilli suspension would be as 

great or greater than that of the most concentrated typhoid 
"condensation." 



Mankato Typhoid Fever Epidemic 457 

Admitting, as we must, that dosage is a large factor in efficient 

typhoid infection, the water-taker would have many chances of 

imbibing only a subminimal dose of typhoid to each one that he 
had of imbibing a subminimal dose of say B. coli (B. coli is used 

merely as a type of the sewage germs which we presume caused the 
initial diarrhea). 

Concerning (2), we must admit that the gauntlet which even a 

large dose of typhoid bacilli must run in the body between the 
mouth and the point d'appui, may result, when the body forces 
are at a high level of efficiency, in the destruction or "loss" of the 
bacilli en route. That a small dose should be more easily and hence 
on the average more often "lost," seems evident. 

Concerning (3) we may admit specific immunity as operating 
in some cases to prevent the production of symptoms in certain 

persons, even after the typhoid bacilli had reached the point 
d'appui. In view of the above discussion of (1) and (2) it seems 

unlikely that this specific immunity, even if very common among 
the population, could have had in this outbreak many opportunities 
for going into action. That it could have been a large factor in 
the escape of the population from the disease seems therefore 

highly improbable. 
Finally, on consideration of the secondary cases, it was found 

that nearly all were probably exposed to the original infection; it 
is true that somewhat less than one-half showed no initial diarrhea, 
while concerning a large number, no evidence on this point exists. 

Eight secondary cases, however, suffered from the initial diarrhea, 
i.e., they unquestionably drank the polluted water. Inadequate 
as this evidence is, we may be assured that in these eight cases at 
least the escape from the original typhoid infection was not due 
to permanent specific immunity?else they would not have suc- 
cumbed to secondary infection a month or two later. If such 

immunity was not the explanation for the original escape of these 

eight secondaries (and probably not for any of the other secondaries) 
the explanation for their escape must be found under (1) or (2) 
as discussed above; and there seems to be no adequate reason 

why the same explanation will not apply to the other 9,000 who 

escaped (except as regards the children under 10). 
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On the apparent evidence offered by the fact that the large 
majority of persons artificially inoculated with typhoid bacilli for 

protective purposes react to such inoculation, natural immunity 
to typhoid fever must be rather rare. 

Hence on all these grounds, it would seem that the incidence of 

typhoid fever in Mankato?or in any community?is a matter of 

efficient dosage rather than of specific susceptibility or immunity; 
and that non-specific, almost accidental, protective factors acting 
between the entry to the mouth and the reaching of the point 
d'appui, more often come into play than does specific natural 

immunity. 

POSSIBLE INFECTIONS THROUGH MILK. 

The milk supply of every patient was carefully investigated in 
order to determine whether or not milk might be a factor at any 
time in this outbreak. The great variety of the milk supplies of 
the cases, especially of the early cases, and the uniform and homo- 

geneous distribution of the cases wherever the Mankato city supply 
was used as drinking water, quickly and conclusively excluded 
milk as responsible for the main outbreak. The question still 
remained whether or not milk was a factor, during the secondary 
period (i) through the infection of milk by early cases among 
milk handlers; or (2) through the use of city water to wash milk 
cans or even to dilute milk; or (3) by the return to new families 

milk-filled, of improperly cleaned milk bottles, collected from 
infected families. 

Not only direct inquiry at the houses of patients, but inspections 
of milk supplies and examinations of "help 

" were made, the latter in 
order to detect possible sick or convalescents handling the milk. 

Further, the data obtained were most exhaustively tabulated and 
cross-checked: the patient sorted out by milk supply, the milk 

supphes checked against the cases among their customers, dates 
of infection of patients were compared with dates of infection of 
milkmen when these showed histories of attacks. 

A priori, anyone familiar with the usual milk supply of the usual 
Minnesota community would hardly expect any great outbreak to 
occur from milk, for large milk routes hardly exist here as yet, and 
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although customers of any one milk supply may run into tens of 

families, they rarely reach to hundreds. Nor are these milk 
dealers likely to handle mixed milk from many sources. They 
deal pretty directly with the original cow owner as a rule. Hence 
the chances for great outbreaks such as are on record in eastern 

cities, do not usually exist. On the other hand, the carriage by 
milk of typhoid fever (and other infections) on a small scale is 

constantly occurring. 
The 405 patients in Mankato were distributed to different milk 

supplies thus: 

Milk supply No. i =50 patients Milk supply No. 8= 6 patients " " " 2 = 32 
" Own cows = 31 

" 
" " " 

3 = 19 
" 

Neighbors'cows =172 
" 

" 
4=16 

" Condensed milk = 1 " 
" " " 

5 = 16 " Not given = 40 
" 

" " " 6 = 15 
" 

" " " 
7 = i3 

" 
Patients, total =405 

(Six patients received milk from two sources each, hence the 
above total is 411 representing 405 patients.) 

The 405 patients had over 100 separate sources of milk supply. 
(Some "neighbors" and small dealers supplied two or more patients 
each.) 

The 22 patients in North Mankato showed: 

Mankato milk dealers = 4 patients Neighbors' cows= 14 patients 
Own cows = 4 

" 

The 84 outside patients showed: 

Mankato dealers ̂  16 patients Neighbors' cows = 7 patients 
Own cows =48 

" Not given =I3 
" 

The "outside" cases receiving milk from Mankato dealers were 
those who lived in Mankato for some little time, although sick at 
home elsewhere; the very large proportion of "own cows" is due 
to the fact that many were farmers. It must be admitted that 
the outside cases which were only in Mankato a very short time 
could seldom state the source of their milk supplies while in Man- 
kato. But, so far as possible, their known residences in Mankato 
were checked up against the milkmen known to supply those 
residences. 
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The search for secondary milk outbreaks failed except to reveal 

possible sources as follows?of those supplying milk in Mankato 
to other people, all dealing on a very small scale, a number had 

typhoid themselves or in their families; while one large firm had 
one milker sick with typhoid; and another large firm employed a 

boy to cap bottles whose sister had typhoid, and he himself con- 
tracted it later. 

Taking into account customers of these who contracted typhoid 
in from one to three weeks after the date of onset in the possible 
infector, we find six infected small milk dealers having one case 
each develop among their customers within this period; but these 
cases might equally well have developed from the city water. We 
find two cases possibly due to the infected boy bottle-capper, but 
also subject to water infection; and the fact that there were only 
two out of a comparatively long list of customers makes it unlikely 
that the milk was the source; again nine cases occurred following 
the case of the milker mentioned above, but these also were exposed 
to water infection, and owing to the mixing of milk before sale,-the 
milker could hardly have infected so small a number out of a large 
clientele. 

Finally, two cases developed early while using the milk of a small 
dealer where typhoid existed, and two more cases, developing long 
after the mass of the epidemic, were still using the same milk. The 
two later cases were brothers, and both the father and a sister had 
had typhoid and were then convalescent. It would be difficult 
to determine the milk as the cause of any of these. 

Hence it may be concluded that milk had nothing to do with the 

primary outbreak and that no evidence has been obtained showing 
even secondary infection from milk, although the possibility of 

secondary infection in this manner must be allowed in a total of 
21 cases, for most of which primary infection from the water was the 
more probable explanation. 

POSSIBLE INFECTION THROUGH FLIES. 

There were one or two secondary cases in which the investiga- 
tion made gave small satisfaction as to the exact route of the 
infection from infector to infectee. 
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Flies as a carrier of typhoid fever, in a well-sewered community 
where the excreta are promptly disposed of into the sewer, should 
show few if any instances of fly infection from house to house 

although careless exposure of filled or unwashed bed pans in houses 
or on porches, etc., with fly access to them, may give occasional 
house infections or a limited number of house to house infections. 

In Mankato unusual care as to disinfection and disposal of 
excreta was the rule and sewer connections were fairly constant in 
the city water district; hence it was not surprising that fly infec- 
tion should prove the only available explanation in extremely few 
cases. The "clean up" of the city by the local health authorities 

undoubtedly minimized the breeding place of flies also. 

WALKING CASES. 

An "intensive" or house-to-house investigation, carried out by 
the medical inspectors and district nurses, covered 193 families 
taken as they came on certain streets in certain districts so selected 
as to average the conditions in the city as nearly as possible. This 

investigation was designed to discover the number of persons 
affected by initial diarrhea in families where typhoid did not occur 
and also to determine how thoroughly the orders of the health 
authorities regarding the boiling of water and milk were carried 
out. The results are probably far from accurate in individual cases 
but probably also represent the average condition fairly well. 

Incidentally, cases of possible mild or walking typhoid not reported 
by physicians were sought for. 

RESULTS OF INTENSIVE INVESTIGATION. 

Families = 193 Adults = 395 Children = 503 
Families affected = 78 Adults = 78 Children = 104 
Typhoid cases already reported = 19 
Possible walking cases discovered = 17 

For a variety of reasons, blood tests of the suspected walking 
cases were not made. 

Thus of a total of 898 individuals included in this intensive 

investigation about one-fifth are recorded as having the initial 
diarrhea. This proportion is not so high as that derived from 
data taken from patients' families. But also the percentage of 
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typhoids among these families was smaller than the percentage of 
cases in the whole population (by about one-half). The explana- 
tion of both apparent deficits lies in the fact that a large number of 
the families here investigated were users of well-water and hence 
escaped the wholesale infection which occurred among those who 
drank city water exclusively. 

The number of apparent walking typhoids nearly approximated 
the number of recorded cases in this part of the population, and 
hence this outbreak is apparently an example of the dictum estab- 
lished by eastern epidemiologists that the recorded (bed) cases of 
typhoid fever are in general equaled by. the unrecorded (usually 
walking) cases. 

SECONDARIES. 

In an outbreak like that at Mankato, the cases derived from the 
original environmental source (in this instance water) are known as 
primaries?those derived more or less directly from these primaries, 
by more or less direct transfer of the patients' discharges to the 
prospective victim's mouth, by hands, food, milk, or by flies con- 
veying discharges to food, milk, etc., are known as secondaries. 
Strictly speaking there is no logical distinction between primary 
and secondary, for both are infected only by receiving into their 
mouths the discharges of previous cases. Hence every typhoid 
case is secondary to some other previous case, and often, also, 
primary to some other subsequent case. But it is convenient to 
speak of the originals, so far as traced, as primaries, and of those 
traceable to the primaries, as secondaries. 

Hence the primaries, in this instance, are those infected by 
drinking the city water, the secondaries, those derived from the 
primaries. In a few instances, secondaries gave rise to still other 
secondaries (tertiaries) but anyone who has clearly in mind the fact 
that typhoid fever (like the other communicable diseases) never 
arises de novo, but always traces itself back by an endless chain from 

patient to preceding patient, must appreciate that this term is not 
very valuable. 

The distinction in Mankato between primaries and secondaries 
is clear enough at the extremes of time. Thus as indicated above, 
it is more than probable that all cases whose dates of earliest 
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symptoms were not later than the third week after June 25, i.e., 
not later than July 16, were unquestionably primaries. Owing 
to the extreme probability that the water was infected, at least to 
some extent, as late as July 9, cases developing symptoms within 
three weeks of this latter date, i.e., by July 30, are in all probability 
attributable to the water also, although some of these occurring 
late in July, especially where they were associated with cases sick 
early in July, might also be secondaries. Since there is some 
evidence that infection of the mains persisted until July 18, perhaps 
even the 25th, it was possible that primaries might occur as late as 
August 8 or even August 15. But that they would not occur in any 
great number, especially among the residents in Mankato, is 
guaranteed by the great fear of the water, inspired by constant 
and strenuous publicity. Where family contact or especially 
nursing the sick could be shown in cases developing after July 30, 
the cases are considered as probably secondary. On this basis 
there were in Mankato secondary males, 15; secondary females, 
36, a total of 51. 

In three females (Numbers 351, 246, 370) the evidence is quite 
inconclusive. For reasons given above, five others (females) might 
have been infected from water as well as by contact. In the cases 
of seven other females, the presumption is strong that they were 
secondaries, but the proof is not final. Thus a total of three males 
and 12 females have at least some doubt as to origin. The remain- 
ing 32 can hardly be questioned as certainly secondary. 

For the purposes of the following classification it has been 
assumed that 15 males and 36 females were secondary. 

AGE CLASSIFICATION OF MANKATO SECONDARIES (UNDER 21 YEARS OF AGE). 
NUMBER AT EACH AGE UNDER 21 

Ages, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 

NUMBER OF CASES (MALE) 

Males 15, adult males 6, 2, 1, o, i, o, 1, 1, o, i, 1, o, o, 1, o, o, o, o, o 

NUMBER OF CASES (FEMALE) 

Females 36, adult females 17, 1,0,1,1,3,1,0, 2, o, 1, 1, 1, 1, o, 4, o, 2, o 

FORM OF EXPOSURE. 

N'?ta* S!ck i rSK:,; r-nBy "^ I FiffiU 
?- ) Felt: x i-*y Ult:: 

N"*- SfS::? 
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AGE CLASSIFICATION, OUTSIDE SECONDARIES. 
Years 3, 10, 11, 13, 15 

Males, 7; adults, 3 1, o, o, 2, 1 
Females, 11; adults, 70, 1, 1, o, 2 

FORM OF EXPOSURE. 

N-ing sick 
j F?-Zl FamHy contact 

j ^-6 

V-tingsick jFe^- 
Note.?One female (45), secondary, was evidently doubtful as to derivation 

from Mankato at all. 

North Mankato presented two female secondaries only. 
Thus the total secondaries, possible, probable, and certain were 

71. They formed therefore nearly 14 per cent of the total cases. 
The 290 females yielded 49 secondaries, or 17 per cent. The 
221 males yielded 22 secondaries, or 10 per cent. 

The usual percentage of secondaries in most such outbreaks 
seems to be 25 per cent. Hence at least 51 secondaries were saved 

by the strenuous supervision and the publicity with which the 

public health work was done. This, however, is hardly a fair 

estimate, for this publicity acted chiefly in Mankato. 
Of 405 cases in Mankato, 51 were possibly secondary, or 12.5 

per cent, cutting the usual percentage in two. If only 32 be allowed 
as known secondaries the percentage in Mankato becomes 8.6 

per cent. 
Outside of Mankato, where these efforts did not extend, there 

were 84 cases, with 18 secondaries, or 21.5 per cent, which approxi- 
mated the usual figure. 

In North Mankato, the percentage is just under 10 per cent, but 
the number of cases was too small to be of much value and the 
influence of the publicity in Mankato undoubtedly extended to 
North Mankato. 

Secondary infection within households, due to the infection of the 
nurse who is caring for the sick at home, or to " 

family contact," 
i.e., the fact that the nurse, trained, untrained, or perhaps a mem- 
ber of the family (usually the mother or elder daughter) carries 
the infection to her own mouth or to those of the family by trans- 

ferring the discharges of the patient to food, milk, dishes, etc., 
and the direct transfer by a recovered member to the others, of 
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still-infected discharges, must be distinguished from secondary 
infection from outside the family. The latter is introduced by 
flies, by visiting the sick, or visitors from the sick, by visitors or 
associates suffering from unrecognized or walking cases, early mild 

cases, or convalescents; also by carriers or by infection of milk 
or other food coming into the family, by washing typhoid-infected 
clothes, etc. 

Infection within the family is both more difficult and more easy 
to avoid than infection from outside the family?more difficult 
because of its concentration, the continuity of its presence, and 
inevitable carelessness due to exhaustion, worry, and hurry in the 

family, consequent on its presence; more easy because the routes of 
infection are so well known and the methods for preventing spread 
so simple; more difficult because these sources and routes must be 

unremittingly watched minute by minute; more easy because 
such watchfulness is possible as it cannot be with regard to the 

multiplicity of possibilities from without. 
It is distressing to note even the number of trained nurses who 

infect themselves and therefore, doubtless, others. It is rather 
evident that increased training and increased caution is needed on 
the part of trained nurses as well as of untrained nurses. 

The one teaching that typhoid fever is not contagious has been 

responsible for a very great number of cases and deaths, wholly 
and absolutely avoidable, and the avoidance was wholly in the 
control of those who became infected thus, had they but known 
or appreciated the facts. Perhaps the other most pernicious teach- 

ing regarding typhoid fever is that which relates its spread almost 

wholly to water supplies. 
While it is true that, as this Mankato outbreak demonstrates, 

the great outbreaks which catch the public attention and are remem- 
bered are usually water outbreaks, yet the major portion of the 
total typhoid of Minnesota is not water typhoid, but due to contact, 
flies, and milk infection. 

The State Board of Health has combated for years both of these 

pernicious teachings and at length is beginning to feel that 

they have impressed the public and professional mind to some 
extent. 
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THE FATALITY OF TYPHOID FEVER IN THIS OUTBREAK. 

"Fatality," technically, is the figure expressing the proportion 
of deaths from any one disease occurring in a given series of cases 
of the same disease. Hence it is subject to two obvious fallacies? 
incorrectness in death returns, and incorrectness in the returns of 
cases. Entirely apart from the laxness with which cases seen by 
physicians are reported, the real total of cases is always incomplete 
because some cases are always concealed, some too mild to call 
for a physician, and some, being seen, are not recognized. It is 
customary among epidemiologists to consider that the average 
outbreak of most infectious diseases in an average community 
consists of two distinct parts, approximately equal in dimensions? 
the recognized cases and the "missed" cases, the latter divided into 
mild, unrecognized, and concealed cases. 

Hence it follows that every epidemic disease possesses two gross 
fatalities: that based upon reported or "bed cases," and that, 
rarely ascertained accurately, but much more nearly expressing 
the truth, based upon the total cases. The latter fatality will be 
obviously about half of the former. 

In ordinary practice, the death returns are much more nearly 
correct than the case reports. Hence has arisen a method of 
determining approximately the number of cases in a given epidemic 
or endemic by calculation from the deaths, the latter being multi- 
plied by a figure supposed to represent "fatality." Thus the 
prevalence of typhoid fever in a given community during a given 
period is often estimated by multiplying the deaths from typhoid 
by 10, since it is sometimes true that about 10 per cent of typhoid 
cases die. 

The Mankato outbreak was exceptional in that the case reports 
were practically as complete as the death reports, and both were 

practically as accurate as any such figures, outside of hospital 
practice, could be expected to be. 

It was considered, therefore, worth while, despite the relative 

meagerness of the figures, to work out more than the mere gross 
fatalities. 

These are appended. All are based (as will be readily seen) on 

reported or " bed cases." On the pretty well established hypothesis 
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that the "unseen" outbreak equals the "seen," each should be cut 
approximately in two to indicate the true facts. 

It will be noted that applying the factor 10 to the deaths in 
Mankato would have yielded 350 as the calculated number of 
cases, which would have been 161 cases short of the truth; i.e., 
the calculated number would have required nearly 50 per cent 
increase before it would have approximated even the bed cases. 

The calculations appended show that in this outbreak, adult 
males died in higher proportion than did any other group, while 
males under 19 died in smaller proportions than did any other 
group; moreover that the fatality of adults in general was more 
than double that of minors. It will be remembered that the rela- 
tive age incidence of the disease indicated a comparative age- 
immunity to typhoid fever, especially up to the age of 10 years. 
This latter age-group constituting 27-30 per cent of the average 
population, yielded but 12 per cent of the total cases and but 6 
per cent of the deaths. 

Although possibly only a trick of small figures, it is interesting 
to note that the fatality rose as the outbreak progressed, being, for 
males, nearly four times as great in October as in July. 

DEATHS FROM TYPHOID FEVER. 

Age and Sex Relations in Mankato Outbreak. 

Total Cases Total Deaths Percentage 

Males 219 16 73 
Females 292 19 6.5 

5ii 35 6.85 

Age 0-19 Years. 

Males in 4 3.6 
Females 138 7 S 0 

249 11 4.4 

Age 20+ Years. 

Males 108 12 11.1 
Females 154 12 7.7 

262 24 9.1 
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Relation to Primary and Secondary Infection. 

Total Total Deaths Deaths ^^f5 ^th'Me 
Primary Secondary Primary Secondary pP? e f-?^e 

Males 197 22 14 2 7.1 9.0 
Females 243 49 16 3 6.5 6.1 

440 71 30 5 6.8 7.0 

RELATION TO STAGE OF OUTBREAK, i.e., INFECTION EARLY OR LATE. 
Classification of the deaths by dates of earliest symptoms shows the following: 

Total Cases by Dates of Earliest Symptoms. 

June July August September October 

Male 0 186 19 6 4 
Female 4 231 40 7 7 

4 417 59 13 11 

Total Deaths by Dates of Earliest Symptoms. 

Tune ^ July Aueust September October June Percentage august Percentage Percentage 

Male 0 126.4 0 1 16.6 1.25 
Female 0 15 6.4 37.5 1 14.2 0.0 

MALE DEATHS. 

Age Occupation 

? 

15 
18 

24 
26 
28 
30 
32 
33 
35 
37 
40 
44 

? 
Child 
Student 
Delivery 
Asst. mgr. 
Laborer 
Student 
Farmer 
Engineer 
Laborer 
Shp. clerk 
Banker 
Shipper 
Traveler 
Bookkeeper 
Salesman 

First 
Symptoms 

? 
7/4 
9/30 
7/10 
7/1 

10/4 
7/4 
7/15 
7/13 
7/8 
7/14 
7/10 
7/3 
7/7 
7/12 

? 

Primary or 
Secondary Died 

New Ulm 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Vernon Center 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
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Age Occupation 
First 

Symptoms 
Primary or 
Secondary Died 

7 
14 
16 
17 
18 
19 
19 
21 
21 
22 
22 

3 
31 
34 
43 
44 
46 
SO 

Child 
Student 
Student 
Housewife 
Nurse 
Student 
Milliner 
Servant 
Student 
Student 
Teacher 
Housewife 
Housewife 
Nurse 
Housewife 
Dressmaker 
Housewife 
Housewife 
Housewife 

7/5 
7/26 

7^ 7/16 
8/1 
7/9 
7/6 
7/0 
7/11 
7/18 
7/7 

#. 
8/15 
7/13 
7/14 
7/10 
7/10 
9/28 

Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 
Janesville 
Mankato 
Janesville J 
Bricelyn 
Mankato 
Mankato 
Good Thunder 
Mankato 
Mankato 
Mankato 
Mankato 
Mankato 

Age 
Cases 

Males Females Total 

Deaths 

Males Females Total 

Percentage 

Males Females Total 

1- 4 
5" 9 

10-14 
15-19 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 

?n9 4 
65-69 

43 
42 
31 
20 
16 
14 
12 

5 
5 

41 
72 
61 
26 
28 

41 
84 

114 
92 
46 
44 
25 
23 
9 

14.2 
0.0 
0.0 
4.7 
9-6 

10.o 
19.0 
14.3 
17.0 
0.0 
0.0 
0.0 
0.0 
0.0 

25.0 
4-7 
2.4 
7.0 
8.2 
3-8 
7.o 
0.0 

18.0 
25.0 
20.0 
0.0 
0.0 
0.0 

9.1 
2.4 
1.2 
6.1 

?-7 6.5 
11.3 
8.0 

17-3 
11.1 
0.10 
0.0 
0.0 
0.0 

It would appear from these figures (which are far too small, 
however, for any reliable general deductions) that the fatality by 
age-groups was greatest at the extreme ages (1-4 and 30+) than 
at intermediate ages, the intermediate ages furnishing the mass 
of the cases. Hence typhoid fever, in this outbreak, like polio- 
myelitis, and unlike diphtheria and scarlet fever, showed its higher 
fatalities in the age-groups which yielded the fewer cases. 

female deaths. 



APPENDIX 

TO 

MANKATO 

REPORT. 

June Mankato 

male, 

P 

Mankato 

female, 

P 

2 

TABLE 

1. 

Showing 

All 

Cases 

Belonging 

to 

Mankato 

Outbreak, 

by 

Date 

of 
Earliest 

Symptoms. 

4^ O 

July 

? 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

is 

16 

-17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mankato 

male, 

P 

401846447 

13 

13 

11 

8657786 

10 

41314300012 

151 

Mankato 

female, 

P 

5 

0 

1 

6 

2 

9 

6 

8 

9 

16 

14 

16 

11 

11 

5 

15 

6 

8 

5 

6 

5 

5 

1 

5 

4 

1 

0 

2 

0 

0 

0 

182 

Mankato 

female, 

S 

0000000000000000000000000010010 

2 

North 

Mankato 

male, 

P 

100011001011011003000000000000011 

North 

Mankato 

female, 

P 

oooiiiiiiiooioooooooooooooooooo 

8 

North 

Mankato 

female, 

S 

0000000000000000000000000000001 

1 

Outside 

male, 

P 

100211100305203020000010110000024 

Outside 

female, 

P 

200025323431302014011001000000038 

Total 

Mankato, 

P 

9 

0 

2 
14 

6 

15 

10 

12 

16 

29 

27 

27 

19 

17 

10 

22 

13 

16 

11 

16 

9 

6 

4 

6 

8 

4 

0 

2 

0 

1 

2 
333 

Total 

NorthMankato, 

P 

100122112111111003000000000000019 

Total 

outside, 

P 

300236423736505034011011110000062 

Total 

Mankato, 

S 

000000000000000000000000001 

001 

0 

2 

Total 

North 

Mankato, 

S 

ooo|oooooooooooooooooooooo|oooooi 

1 

Grand 

total 

13 

0 

2 
^7 

11 

23 

15 

15 

21 

37 

31 

34 

25 

18 

16 

22 

16 

23 

11 

17 

10 

6 

5 

7 

9 

5 

1 

2 

0 

2 

3 
417 

August 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mankato 

male, 

P 

3110100000000001000000000000000 

7 

Mankato 

female, 

P 

2100100100010000000000000000000 

6 

Mankato 

male, 

S 

0|00ooiiiooo|Oooooooooooo2oioo;ooo 

6 

Mankato 

female, 

S 

0 

00201001131011120220300010201025 

North 

Mankato 

male, 

P 

1 

oo|oooooo|oooo|oo|oooooooooooooooo 

1 

North 

Mankato 

female, 

S 

olooooooooloojoiooloooooooooooooooo 

1 

Outside 

female, 

P 

1 

000000001 

ooooooooooooooo' 

oooooo 

2 

Outside 

male, 

S 

Oiioooioooooioiooooiooooioooooooo 

5 

Outside 

female, 

S 

00010000110000100001I00000000000 

6 

Mankato, 

P 

5!2|io200ioooioooiooooo|ooooooooooi3 

Mankato, 

S 

0 

010202111131011120220302020201031 

North 

Mankato, 

P 

1 
|ooo|o|ooo|oo|oo|oo|oo|o|o|ooooooooooooo 

1 

North 

Mankato, 

S 

ooooolooolooloo 

1 

oooololooooooooooooo 

1 

Outside, 

P 

10000000110000010000000000000000 

2 

Outside, 

S 

0101010011010010010100I10000010011 

Total, 

P 

721020010101000100000000000000016 

Total, 

S 

0103031I1223211212123I03120202I11043 

Grand 

total 

731323122333112221230312020211059 

Ir1 



TABLE 

i?Continued. 

September 

i 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

Mankato 

male, 

S 

0 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

00 

0 

0 

0 

0 

0 

0 

00 

1 

0 

1 

5 

Mankato 

female, 

S 

1 

0000000000 

1 

oooooooooooi 

001 

000 

3 

Outside 

male, 

S 

0 

00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

Outside 

female, 

S 

00000 

1010000000000000000 

10 

1000 

4 

Mankato, 

S 

1 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

1 

8 

Outside, 

S 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

1 

5 

Grand 

total 

1 

1 

1 

0 

0 

2 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

1 

0 

2 

13 

October 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Mankato 

male, 

S 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

3 

Mankato 

female, 

S 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

Outside 

male, 

S 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Outside 

female, 

S 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Mankato, 

S 

1 

0 

0 

2 

1 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

9 

Outside, 

S...' 

. 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

Total 

1 

0 

0 

3 

2 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

11 

June July August... September October. 

. 

Total 

Cases 
Listed 

4 
417 59 13 

504 

Primary 

4 
414 

16 

Secondary 

3 43 13 

186 
19 6 

Female 

4 
231 40 

7 7 
289 

> 2 H O H *! hj W O S w < W w 5 w 

CASES 

OMITTED 

WITH 

REASONS. 

Male, 

Primary 

133 

Mankato; 

Date 

not 

given. 

(July 

?) 

Male, 

Primary 

262 

" 

" 

" 

" 

(July?) 

Male, 

Primary 

134 

" 

" 

" 

" 

(July?) 

Male, 

Secondary 

322 

" 

" 

" 

" 

Male, 

v Primary 

51 
Outside. 

No 

evidence. 

(Probably 

sick 

in 
Mankato) 

Male, 

Primary 

69 

" 

Date 

not 

given. 

(July) 

Female, 

Primary 

398 

Mankato. 

" 

" 

" 

(July 

early.) 



TABLE 

2. 

Age 

and 

Sex 

of 
Patients?Mankato 

Outbreak. 

Female 

Male 

Comparison 

with 

Female 

Table 

Below 

North 

Outside 

Mankato 

Males 

Females 

Females 

rv^cc 

im^o 

TTr. 

tw 

iStel 

Total 

Total 

Total 

Total 

Excess 

Excess 

Made 

Up 

Thus 

Under 

i 

o 

o 

6 

o 

o 

o 

i-4 

o 

i 

6 

7 

4 

- 

3 

5-9 

i 

o 

^ 

20 

2i 

+1 

10-14 

0 

4 

39 

43 

4i 

? 

2 

North 

Mankato 

Outside 

Mankato 

15-19 

1 

5 

36 

42 

72 

+30 

+1 

+ 
13 

+16 

20-24 

1 

3 

8 

20 

31 

1 

61 

+30 

+2 

+ 

7 

+21 

25-29 

2 

4 

14 

20 

|| 

26 

+6 

?2 

+ 

4 

+ 
4 

30-34 

2 

4 

10 

16 

1 

28 

+12 

?2 

? 

2 

+16 

35-39 

3 

3 

8 

14 

11 

- 

3 

40-44 

0 

1 

11 

12 

11 

? 

1 

45-49 

0 

1 

4 

5 

4 

? 

1 

50-54 

0 

0 

5 

5 

5 

0 

55-59 

0 

0 

2 

2 

3 

t 

I 

60-64 

0 

0 

0 

0 

1 

+ 

1 

65-69 

0 

0 

1 

J 

1 

1 

0 

? 

1 

12 

31 

175 

2i8 

* 
2 

* 
1 

3 

33 

176 

221 

| 

4^ 

Under 

1 

1- 

4.. 

5- 

9- 
. 

10-14.. I5-I9-. 25-29. 

. 

30-34- 

. 

35-39.. 40-44. 

. 

45-49.. 50-54.. 55-59.. 65-69.. 

044 0 

21 

21 

4 

35 

41 

18 

52 

72 

IS 

41 

6i 

8 

18 

26 

2 

26 

28 

1 

10 

11 

1 

10 

11 

13 

4 

045 123 

288 

* 
Ages 

not 

given. 

Male 

(51 

outside)' 

boy.' 

Male 

(69 

outside) 

"adult." 

Male 

(133 

Mankato) 

"boy.' 

Female 

(598 

Mankato) 

"young." 

Female 

(248 

Mankato) 

"adult." 
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Normal-school students 9 
Other students 84 
Normal-school teachers 4 
Music teachers 2 
Other teachers 7 
"At home" ?i. e., young chil- 

dren, young men and 
women not working, a few 
children of school age not 
attending school, a few old 
people unfit for work, etc.. 82 

Housewives. 72 
Nurses?hospital 6 
Nurses?private 3 
Domestics 5 
Cook?hotel 1 
Cook?-csii6 1 
Kitchen help, cafe 1 
Waitress, lunchroom 1 
Grocers 1 
Bookkeeper 1 
Clerks 13 
Shipper 4 
Bakers 2 
Candy-makers 6 
Laundry 6 
Druggists 2 

Milker 1 
Capper 1 
Butchers 2 
Steam-fitter 1 
Bookkeepers 3 
Stenographers 4 
Salesmen 3 
Collector 1 
Laborers ..11 
Milliners 6 
Tailor 1 
Knitters 5 
Pap|er-hanger 1 
Janitor 1 
Janitress. . . . , 1 
Teamsters 4 
Livery 1 
Photographers 3 
Gas-fitter 1 
Bankers 3 
Cigar-makers 2 
Coopers 3 
Carpenters 3 
Bellboys 2 

Barbers 2 
Street Railroad 1 
Furniture 1 
Convent House 1 
St. Joseph's Hospital 1 
Engineers 2 
Real estate 2 
Actress 1 
Railroad men 2 
Brick-layer 1 
Pressroom 1 
Plumber 1 
Preacher 1 
Shoemaker 1 
Physician 1 
Merchant 1 
Bookbinder 1 
Lumberyard 1 
Malster 1 
Miller 1 
Stone-cutters 2 
Life insurance 1 
Not given 6 

TABLE 3. 

Occupations* of Mankato Cases. 

TABLE 4. 

Occupations of Outside Cases with Reasons for Being in Mankato. 

Primaries. 

Attending Circus. 
Students 7 
Housewives 3 
Farmers 4 
Teachers 2 
Laborer 1 
Butter-maker 1 

18 

Visitors. 
Students 3 
Housewives 7 
Fanners 4 
Teachers 2 
Ministers 3 
Banker 1 
Lumberman 1 
Not given 2 

23 

Temporary Business. 
Domestics 6 
Clerk 1 
Carpenter 1 

Studying in Mankato. 

Students, Normal 8 
Teachers 5 
Other students 4 

Secondaries to Outside Cases. 

To Housewives. 
Fanner 1 
Students 3 

To Minister. 
Housewife 1 
Students 3 

To Farmers. 
Housewife 
Housewife 
Sister 
Brother 
Husband 

Secondaries to Cases in Mankato. 

To Patient in Mankato. 
Nurse 1 
Secondary to this nurse 1 

To Daughter in Mankato. 
Housewife 1 

To Brother in Mankato. 
Housewife 1 

To Unknown Source. 
Student 1 

Total. 

17 

.66 

Total. .18 
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TABLE 5. 

Occupations, North Mankato Cases. 

Students 3 
Laborers 3 
Clerks 3 
Carpenters 4 
Roofer 1 
Shipper and helper 2 
Knitter 2 
Cabinet-maker 1 
Candy-packer 1 

Secondaries. 
Housewife, nursing daughter. 
Housewife, no history 

All drank wal 
All worked in 

er in Mankato, at circus, carnival, or party. 
Mankato. 

TABLE 6. 

Outside Places Involved in Mankato Outbreak. 

(Unless otherwise stated, these places were in Minnesota.) 

Places. Cases. 

Amboy 1 
Austin 1 
Bricelyn 1 
Cambria 1 
Columbus, N. D 1 
Decoa 1 
Eagle Lake 1 
Easton 1 
Fairfax 1 
Good Thunder 
Holloway 1 
Janesville 
Judson 
Kasota 1 
Lake Crystal 1 
Le Sueur 
Mankato 
Mapleton 
Morgan 2 
Nicollet 

(farm near 1) 

(farms near 10) 

(farms near 6) 
(farms near 2) 
(farm near 3) 

(farm near 1) 
(farm near 4) 
(farm near 2) 

(farm near 1) 

Places. Cases. 

New Ulm 2 
Ottawa 2 
Owatonna 2 
Rapidan 
Red Wood Falls 1 
Ryder, N. D 1 
St. Clair 
St. Peter 3 
Seattle, Wash 1 
South Bend 
Springfield 
Staples 1 
Towner, N. D 1 
Trueman 1 
Vernon Center 
Waterville 3 
Wells 1 
White, S. D 5 
Willmar 1 
Winona 2 

(farm near 4) 

(farm near 6) 

(farm near 1) 
(farm near 1) 

(farm near 1) 

Cedilla, Mich.. 
Bigelow 
Minneapolis.. . 
Jackson 
New Richland . 
New Prague. . . 
Manson, Iowa.. 

Places 40 (outside Mankato and North Mankato) 
Hence 49 places in all affected. 

84 cases outside Mankato and North Mankato. 
7 cases sick in Mankato from outside points. 

91 cases. 

TABLE 7. 

Outside Places Showing Secondaries (18). 

Janesville 1 Infected by sisters, primaries from Mankato. " bhili f M Jy 
White, S.D 4 

" " 
brother-in-law, a primary from Mankato. ii ,4 

Good Thunder 4 
" " 

sister, a primary from Mankato. " id f Mk 4 
Good Thunder 2 " " sister, a secondary from Mankato. 
Rapidan 1 " " 

brother, a primary from Mankato. " " ii f Mk p 
St. Clair 2 " " sister, a primary from Mankato. 
St. Clair 1 " " 

daughter, a primary from Mankato. 
Near Mankato 1 " " 

wife, a primary from Mankato. 
Willmar 1 " " 

brother, a primary in Mankato. 

One near Rapidan was possibly an extraneous case. 

(Note.?One case was a secondary from Mankato and infected further case at home.) 
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