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JOHNE'S DISEASE AND ITS DETECTION 

B. A. Beach and E. G. Hastings 

The condition to which the name Johne' s disease is commonly 
applied has been called by some chronic dysentery. It has also been 
called paratuberculosis. The first of these names owes it origin to the 
German veterinarian who, together with Frothingham of this country, 
discovered the causal organism in 1895. The second name reflects 
one of the most striking symptoms of the disease, while the third 
term expresses the group relationship of the organism which is one 
of the acidfast bacilli. It would seem that the name Johne's disease 
is preferable to the others, since it is the term that has been used most 

widely. A multiplicity of names leads to confusion. 
The disease has been studied by Meyer who gives a complete 

bibliography.1 The papers to which reference is made in this article 
have been published mostly since 1913. The most extended study of the 
various aspects of the disease have been made by MTadyean,2 and 
his associates. The work of M'Fadyean relates to the experimental 
transmission of the disease, to its histology and to its detection by 
means of a product, johnin, prepared from the specific organism. In 
the isolation and cultivation of this organism, and in the preparation 
of johnin, M'Fadyean followed the path originally marked by Twort 
and Ingram.3 

Johnin has been used by the investigators referred to on animals 

showing evident symptoms of the disease and on animals artificially 
infected. The present paper deals primarily with the tests of entire 
herds with this product. The purpose was to determine whether an 
infected herd could be freed from the disease by its use, as a herd 
can be freed from tuberculosis by the use of tuberculin. The results 
obtained will not permit us to give a definite answer to this question. 
They are presented with the hope of attracting attention to a disease 
which is apparently becoming more widespread in our country each year. 

Distribution.?Comparatively little is known concerning the extent 
of the disease in the great cattle-producing countries. Attention has 
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been directed to it chiefly by the work of investigators rather than by 
the losses it occasions. The work concerning the disease has been 
done chiefly in Switzerland by Meyer, in Denmark by Bang, and in 

England by MTaydean and others. The extent to which the disease 
is present in these countries has scarcely been mentioned by the writers. 
The importance of the disease in Denmark is reflected in this statement 
credited to Bang: "The future of a certain breed of dairy cattle in 
Denmark depends on the ability to eliminate Johne's disease." 

The disease was first reported in this country in 1908 by Leonard 
Pearson of Philadelphia who found acid-fast bacilli in a piece of 
thickened intestine from an animal which had shown clinical mani- 
festations of Johne's disease. Since that time it has been reported 
from several parts of the country. Meyer, following his work in 
Switzerland, studied the disease in this country. He made no obser- 

TABLE 1 

Lossrs Occasioned by Johne's Disease 

vations on the frequency of occurrence. Our experience has led 
us to believe that the disease is more prevalent than has been supposed, 
especially in the pure bred herds. Our present information indicates 
that the disease is spreading quite rapidly through the transfer of 
animals from herd to herd and that the disease is one that the breeder 
will be forced to consider because of the economic loss it will occasion. 

The history of losses occasioned by this disease in a number of herds 
with which we have worked is presented in summary form in table 1. 
A yearly loss of from 2 to 12% extending over a period of years is a 
serious matter. 

It seems probable that animals are being removed from many herds 
because of this disease without its nature being recognized. The slow 

development, the inconstancy of the most marked symptom, diarrhea, 
and the gradual loss of flesh by the animal are not likely to cause the 
owner to suspect that he has a transmissible disease in his herd. The 
animal is sold for slaughter, and the cause of its decline passes unrecog- 

Animals 
Number in \ Duration of Removed from Percentage of 

Herd Herd ; Infection Herd on Account Yearly Loss 
1 of Disease 

1 50 17 years 41 4.7 
2 40 15 years 20 2.2 
3 35 10 years 22 6.2 
4 18 10 years 22 12.0 
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nized. The slow spread of the disease in the herd again militates 
against the recognition of its transmissible nature and makes difficult 
any estimation of the losses caused by it. 

The disease is one unknown to many veterinarians and therefore 
passes unrecognized by them, a fact that interferes with gaining 
knowledge of its occurrence. 

Isolation of Johne's Bacillus.?The cultivation of the organism by 
Twort, and the preparation by Twort, and Ingram of johnin, an agent 
similar in many respects to tuberculin, led us to attempt the isolation 
of the organism. 

In the summer of 1915 tissues were received from an animal that 
supposedly had died of Johne's disease. The infection had been known 
to be present in the herd for a number of years. Cultures were made 
from the wall of the intestine and from the mesenteric lymph nodes 
on nutrient agar which contained human tubercle bacilli and to which 
sterile blood serum had been added, following the method of Twort and 
Ingram. Out of a large number of tubes, 2 showed no development 
of rapidly growing saprophytic organisms. After several months' 
incubation both of these tubes showed in stained preparations such 
numbers of acid-fast organisms corresponding to the description given 
by Twort and Ingram that it seemed probable that actual growth of 
the Johne's bacillus had taken place in the tubes. The growth was 
so slight that from the macroscopic appearance of the agar cultures, 
one could not be certain that reproduction had occurred. Transfers 
were made to slopes of the same medium. After several months' 
incubation, it seemed certain that growth had taken place in the sub- 
cultures. The organism has been maintained on agar of similar com- 
position for approximately 6 years. With prolonged cultivation the 

growth has become more free until at present the organism may be 
said to give a fair growth. 

The growth of the organism is very erratic. At one time and on 
one batch of medium the growth may be excellent, as measured by the 

growth of such an organism as the tubercle bacillus. At another time 
and on another batch of medium of composition similar to the other, 
the growth will be most meager. This inconsistency of growth has 
been noted by others. 

From our most recent results it seems probable that the medium is 
a more important factor in determining the profuseness of growth 
than is the period during which the culture has been grown on artificial 
medium. Apparently some slight variation in the medium exerts a 
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marked influence on the growth of the organism. It is hoped that 
further work may make the cultivation of the organism an easier 
task. Under present conditions the preparation of any considerable 
amounts of johnin is very difficult. A medium which would insure a 
certain and good growth of the organism would be of great assistance 
in overcoming this difficulty. 

With the hope of securing some of the diagnostic agent, johnin, 
transfers were made to a liquid medium the base of which consisted 
of the broth in which certain nonpathogenic acid-fast organisms had 

grown. After nine months' incubation it was apparent that growth had 
occurred. In the liquid medium the organism occurred in small masses 
at the bottom of the flasks. There was no clouding of the medium, 
even on shaking. The organism has also been maintained in the liquid 
medium. After many trials a surface growth in liquid medium was 
secured. It was thought that a surface growth might be more profuse 
than that beneath the surface and thus a johnin of greater potency be 
secured. It has not been possible up to the present to maintain the 
growth on the surface of the medium as is so easily done with tubercle 
cultures, when the surface growth is once obtained. 

As the culture became somewhat more free growing, efforts were 
made to cultivate it in mediums to which no blood serum had been 
added or which contained serum heated to 55 C. Very little, if any, 
growth was obtained in such mediums. The raw serum seems to be 
an essential ingredient of the medium. Horse serum has been used 
exclusively in this work. 

In June, 1917, an opportunity was presented to test a herd known 
to be infected with this disease. The results of this test led to a 
continuation of the work. The detailed description of the methods 
now used for the preparation of the johnin follows. As far as we 
are aware, this was the first time johnin had been used in this country, 
and, so far as we are aware, was the first test of an entire herd. 

Avian tuberculin has been used by a number of investigators both 
in this country and abroad following the suggestion of Bang. There 
is no indication in the nature of the disease to relate its cause to the 
avian tubercle bacillus, and there would seem to be equally as few 
reasons for believing that a tuberculin made with the avian tubercle 
bacillus would prove a valuable diagnostic agent. The results of a 
number of investigators have shown that avian tuberculin will give 
positive reactions in a portion of the animals manifesting clinical 
symptoms. There is, however, no positive indication that avian 
tuberculin will reveal the disease in the less advanced cases. 
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The identity of the culture which we have isolated and used rests 

largely on its cultural characters, on its morphology and staining reac- 
tions, and on what is more important, the preparation of an agent 
which seems to be specific for the diagnosis of Johne's disease. The 
isolation of an acidfast bacillus from what are apparently lesions of 

Johne's disease is inadequate proof that the true Johne's bacillus has 
been obtained. A number of investigators speak of having isolated 

Johne's bacillus and say that the culture grew rapidly and profusely. 
It would seem from our experience and from that of others that such 
cultures must have been other types of acidfast bacilli, for certainly 
exceedingly slow and meager growth is one of the most striking 
characteristics of the Johne's baccilus. 

Preparation of Johnin.?Thz basal portion of the medium is a broth in 
which certaifi nonpathogenic acidfast organisms have grown. A medium is 
prepared as follows : Four hundred fifty gm. of chopped lean beef is extracted 
with 1,000 c c of water for 3 hours. The temperature of the water is brought 
to 45 C. After about one hour the temperature is raised to 50 C, and during 
the third hour, to 55 C. The mixture is stirred frequently. The major portion 
of the liquid is removed from the meat, which is then heated to 100 C. in the 
remaining liquid. This causes the meat particles to shrink and serves the 
purpose of securing the maximum amount of liquid. 

To the liquid is now added IJo of peptone (Difco product has been used), 
0.5?k K0HPO4, 0.2 Jo Liebig's beef extract and Sfo of glycerol by volume. 
The reaction is adjusted to a pn of 7.5-8. The medium is placed in 500 Erlen- 
meyer flasks, 100 c c in each flask and sterilized in the autoclave. One-half 
the flasks are seeded with the grass bacillus of Karlensky, the remainder with 
the grass bacillus of Moeller. They are incubated at 37.5 C. for two weeks. 
They are then heated to 100 C. The cultures are filtered and the filtrate made 
up to the original volume of the medium before incubation. The following 
ingredients are then added: Five-tenths per cent, peptone, 0.25% K2HPQ4, 
0^ Liebig's beef extract, 0.5?k by volume of glycerol, and 0^ of aminoid 
peptone from beef (Arlco). The reaction is left unchanged. The medium is 
filtered, 50 c c portions are placed in 500 c c Erlenmeyer flasks, and sterilized 
in the autoclave. Before the flasks are inoculated 5 cc of sterile blood serum 
is added to each flask. 

The flasks receive a heavy inoculation from previous liquid cultures or from 
a suspension of growth removed from an agar culture. They are incubated at 
37.5 C. from 10 to 16 weeks. The tops of the flasks are covered with lead 
foil to prevent evaporation during the long period of incubation. 

On removal from the incubator the flasks are heated to 60 C. for from 1-2 
hours, filtered and the volume restored to the original amount. One-half of 
Ifo of phenol is added. The johnin is stored for use. No data have been 
collected as to the persistency of its potency, nor in regard to the relation 
of the latter to profuseness of growth in a particular batch of medium. 

Application of the Test.?The johnin is injected into the jugular 
vein, 10 c c being the dose for an average sized animal. The reaction 
in the case of the aflfected animal follows quickly in the majority of 
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cases, as is shown in table 2. Ordinarily only one temperature reading 
has been made previous to injection, and the post-injection temperature 
readings have been begun one hour or less after the injection. The 

temperature readings are continued for at least 10 hours. Table 2 
shows the hour at which the maximum post-injection temperatures 
were reached in the case of animals injected intravenously. 

The thermal reaction is comparable to that noted in the subcu- 
taneous tuberculin test as is shown in table 3. 

TABLE 2 

The Hour at Which the Maximum Temperature Was Reached in Case of Animals 
Reacting to Johnin 

Hour After Number | Percentage Hour After Number Percentage 
Injection Reacted Injection Reacted 

1 None None 7 15 29.50 
2 None ] None 8 3 5.88 
3 5 9.85 9 1 190 
4 3 5.88 10 3 5.88 
5 17 1 33.33 11 | 1 1.9 
6 3 5.88 12 None None 

TABLE 3 

The Frequency Distribution of Reacting Animals with Reference to Maximum 
Temperature 

Maximum Temperatures Number 1 Percentage 

103-104 13 25 0 
104-105 23 44.2 
105-106 7 13 5 
106-107 7 13.5 
107-108 2 3.8 

Constitutional Reactions.?There are manifestations of infection 

following the administration of johnin other than a rise in temperature. 
The majority of infected cattle exhibit a roughened hair coat from 
30 minutes to 4 hours following the intravenous injection. The condi- 
tion is more noticeable in some cattle than in others. We have never 
seen a roughened hair coat that was not accompanied by a thermal 

reaction, and that did not correspond approximately in time of appear- 
ance with the initial rise in temperature. 

At any time between 4 and 24 hours following the administration of 

johnin, approximately 25% of infected cattle exhibit a marked sof- 

tening of the feces. At times a severe diarrhea is noted, the bowel 

discharges being thin and watery, and rarely streaked with blood. A 
foul odor is sometimes to be noted. 
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Sometimes an uneasiness accompanied by muscular tremors and a 
more or less marked dyspnea may be seen. These symptoms usually 
appear 15 to 30 minutes after injection and persist for from 1-2 hours. 

In 3 instances- , of approximately 1,000 cattle tested severe consti- 
tutional reactions were noted. The first to come to our attention was 
an adult cow that had shown clinical symptoms of Johne's disease for 
about 2 months. About one minute after the intravenous injection of 
johnin she fell prostrate and remained in an unconscious condition 
for several minutes; temperature 99; pulse, fast and weak. In 15 
minutes she had sufficiently recovered to be able to regain her feet and 
in an hour's time was apparently normal. This cow was infected, 
as shown by the fact that she reacted at this time and postmortem 
revealed the characteristic lesions and the specific organism. 

The second subject was a 3 year old heifer that had been tested 6 
months before, but did not react. About 1,1^ hours after injection 
this heifer fell prostrate; dyspnea was marked; the temperature was 
102.6. The highest preinjection temperature was 101.2. The pulse 
was not perceptible. In about l1^ hours recovery had apparently 
taken place. She reacted at this time. Postmortem examination 
revealed infection with Johne's bacillus. 

The third instance was that of a 6 months old heifer. About 15 
minutes after injection she was markedly dyspnec with a pronounced 
flank breathing, the tongue protruded and the temperature had risen 
from 101.8 to 102.6. In about 30 minutes she was dead. Postmortem 
examination revealed marked congestion of about 12 inches of the 
ileum situated about 2 feet from the ileocecal juncture. Acid fasts 
were demonstrated microscopically. 

Twenty-five to 30% of the cattle we have tested exhibited urticaria 
or serum sickness. This appears a few minutes after injection and is 
manifested by inflammation of the conjunctiva, excessive lachrymation, 
swelling around the anus and vulva, and wartlike elevations anywhere 
on the body. This condition is often seen following the injection of 
other biologic products. Recovery is usually rapid. So far as we 
are aware deaths never occur. This condition has no diagnostic 
significance' and it may be manifested by both infected and noninfected 
animals alikelike. 

Confirmation of the Test by Retests on Reacting Animals.?In a 

part of the cattle reacting to the johnin test, we have had opportunity 
for confirmation of the results by a retest. In one herd, consisting of 18 
animals ranging in age from 2 to 12 years, 5 reactors were found. 
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These reactions were all definite; the lowest post-injection maximum 

temperature was 104.2. This herd was kept intact and retested one 

year later with the result that the same animals again gave definite 
reactions, and in addition a 4 year old cow that had failed to react 
the year before. In the meantime, no clinical cases had developed. 
The only irregularity in connection with this herd was the fact that 
one cow gave a suspicious reaction to the first test and failed to react 
on ret est. Five cows in another herd reacted to the johnin test. On 
retest 5 months later 2 gave definite reactions and one a suspicious 
reaction. 

Confirmation of the Test by Postmortem Examination of Reacting 
Animals.?In a portion of the reacting animals, opportunity for post- 
mortem examination has been presented. No lesions outside the 

digestive tract and adjacent lymph glands which could be attributed 
to this disease have ever been noted. Our observations are based on 
24 postmortem examinations of cattle reacting to the johnin test. Four 
of this number revealed no macroscopic lesions of disease; 3, a slight 
enlargement and reddening of the ileocecal valve with no visible 
intestinal lesions; 4, a marked enlargement and reddening of the 
ileocecal valve with no visible intestinal involvement; 2, a marked 
intestinal thickening with no visible changes in the valve; and 7, a 
marked involvement of both intestine and valve. Four showed a slight 
involvement of both valve and intestine. 

The macroscopic appearance of pieces of infected gut varies widely 
in different animals. The anatomic changes are always quite insigni- 
ficant in comparison to the state of emaciation to which the animals 
are reduced. In cases of long standing there is a thickening of the 
ileum, frequently 25 to 30 feet in extent. Cases are reported of a 

thickening of the entire intestinal tract. Involvement extensive as this 
is rare. Inflammation of the ileocecal valve is frequently observed. 
At times the valve is greatly swollen, becoming from 15 to 20 times its 
normal size. On the other hand, macroscopic evidence may be lacking, 
yet acidfasts may be demonstrated microscopically. A piece of thickened 
bowel presents on its mucous surface a peculiar wrinkled appearance; 
the mucosa seems to be thrown into folds and ridges. Normal gut 
at times presents wrinkling; these wrinkles will, however, disappear 
on stretching. This thickening is not uniform. 

It is not uncommon for a piece of normal bowel to be interposed 
between two thickened pieces. This patchy tendency is frequently 
noted in cases in which the cecum is involved. We have noted nothing 
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characteristic as to the color of infected mucosa. Occasionally there 

may be small petechiae irregular in outline and distribution. Twort 
and Ingram note a characteristic pinkish yellow color. This yellow 
color does occur, but it has not been constant with us. At times the 
intense inflammation in the region of the valve will impart a dark red 
color. It is entirely possible that these acute inflammatory changes are 
due to the secondary invasion with other types of bacteria. Part of the 

reacting cattle slaughtered by us had never shown symptoms of Johne's 
disease. In several of these animals the ileocecal valve was markedly 
enlarged and inflamed. On the other hand, in some of the cases of long 
standing inflammatory changes were slight, or entirely absent. We have 
never observed ulcers or nodules. The macroscopic changes of the 

lymphatic glands are meager and confined to a slight enlargement and 

softening of the substance. In sections a serous fluid frequently exudes. 
In one case of long standing a marked induration was noted. 

Confirmation of the Test by Microscopic Examination.?The appear- 
ance of a piece of infected gut in Johne's disease is no indication as to 
the number of acidfast organisms which can be demonstrated micro- 

scopically. They may be numerous in material showing slight lesions 
and difficult to demonstrate in a markedly thickened gut. 

The specific organisms can usually be demonstrated by histologic 
section and many times also by smears. In specimens in which we 
have been unable to demonstrate acid-fasts readily by direct examin- 
ation we have substituted a method of concentration by means of 
antiformin. The mode of procedure has been as follows: 

A small piece, not more than ^4 inch square, of the suspected intestine 
is placed in full strength formaldehyde for from 1-2 hours, depending on 
the size of the tissue. It is then removed and placed in the incubator or 

drying chamber until thoroughly hard and dry. The tissue is then ground to 
a fine powder in a mortar and this powder treated for 2 hours with -a 25*^ 
antiformin solution. This is diluted with an equal volume of distilled water 
and centrifuged. The supernatant liquid is decanted, the tube filled with 
distilled water and again centrifuged. The sediment is examined for acid- 
fasts. This method has given good results. 

Acid-fast organisms have been found in the tissues of 29 of the 
30 reacting animals from which it has been possible for us to obtain 
material for such examination. 

Results Obtained from Herd Tests.?It was stated earlier in this 

paper that the work was undertaken with the hope of determining 
the value of the test in eliminating the disease from infected herds. 

It was recognized that the slow progress of the disease in the individual 



Johne's Disease and Its Detection 77 

animal would undoubtedly make the task of freeing a herd from the 
disease a long one. Practically nothing is known concerning the length 
of the period of incubation, nor is anything known concerning the 
stages of the disease in which an animal may not react to the test. 

The herd on which the most work has been done has been known 
to have been infected for 14 years at the time the work was begun. 
During this period 20 animals had been lost because of the disease. 
The average number of animals in the herd was 45. Table 4 presents 
the results obtained in the various tests made on this herd. 

The results do not indicate that the elimination of the disease from 
the herd by the use of the test will be an easy task. We are not at all 
certain that additional reactors will not be found in this herd in spite 
of the negative results obtained in the last test. 

TABLE 4 
Results of Tests on Herd I 

Date Reactors 

June, 1917 5 
November, 1917 4 
February, 1919 6 
June, 1919 3 
November, 1919 4 
June, 1920 4 
December, 1920 2 
June, 1921 0 

The owner of this herd has felt very hopeless in his struggle against 
this disease because of the fact that there was no way of ascertaining 
which were the infected animals until clinical symptoms appeared. It is 

probably true that long before these symptoms are to be noted the 

organisms are being given off by the affected animal. It was hoped 
that the test would enable the affected animal to be recognized before 
she became a source of danger to the other members of the herd. It 
is this hope that has led the owner to continue the use of the test 
in his herd. 

The specific organism has been found in the tissues of all but one 
of the 28 animals reacting in this herd. In the test made in June, 
1919, one adult animal gave a suspicious reaction. At the following 
test in Nov., 1919, there was no indication of a reaction to the johnin. 
The animal did, however, give a clear cut reaction in June, 1920, and 
was removed from the herd. 

Another herd has been tested once yearly for 3 years. One reactor 
was found in the first test. No animals have reacted during the 2nd 
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and 3rd tests. One clinical case developed in this herd. The infection 
was demonstrated by postmortem examination in both the clinical 
case and the animal reacting to the test. The work on the other herds 
which we have under observation has not been extended enough to 
warrant its inclusion here. 

Spread of the Disease in a Herd.?Some observations have been 
made on the rapidity with which the disease spreads in a herd. In 

1910, three animals were introduced into a herd. Two of these showed 
clinical symptoms in 1912 and were sold. The other showed symptoms 
of the disease in 1913. The disease was undoubtedly introduced into 
this herd by these animals. During the period 1913-21, 15 animals 
have been removed from the herd because of this disease. 

Another herd became infected in 1905 through the introduction 
of an animal that apparently at that time was showing clinical symp- 
toms. Two years later another animal was disposed of because of 
marked symptoms of the disease. In 1909, six animals were removed 
from the herd because they were in the last stages of the disease. 
No other clinical cases developed until May, 1916, when 2 animals 
were removed. Between June, 1918, and Jan. 1, 1919, five clinical 
cases developed, and the animals were disposed of. In Jan., 1920, 
the herd was first tested. Seven animals reacted and were removed. 
In Dec, 1920, the test detected 11 reacting animals; 6 of these were 
removed from the herd and the remaining 5 were retested in May, 1921. 
Two gave positive reactions and one a suspicious reaction. No rise in 

temperature was noted in the other two. 
It is evident from these observations that the disease is one which 

at times may spread rapidly in a herd, and at other times it may spread 
exceedingly slowly. 

SUMMARY 

The work herein reported is an attempt to eliminate Johne's disease 
from infected herds by the use of the diagnostic johnin, a product 
prepared by the use of the specific organism of the disease. It is 

comparable to tuberculin in its action on the infected animal. The 

preparation of johnin is described and its method of application. 
One herd has been tested eight times in four years. Reactors 

were obtained in each except the last test. 
The results of the test have been confirmed by macroscopic and 

microscopic examinations of the tissues, and in a few instances by 
retests on reacting animals. Acidfast bacilli have been found in 29 of 
the 30 reacting animals. 
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conclusion 
The results obtained indicate the possibility of eliminating Johne's 

disease from infected herds by the use of johnin, a product comparable 
to tuberculin. 
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