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13. The superiority of the oil-water emulsion as a medium for peni-
cillin injection is apparent from these data.

Infectious Organisms Susceptible to Penicillin. After more
than a year of treatment in herd A, it became apparent that some
cows were either very slow to respond to treatment or very easily
reinfected. One cow was treated in one or more quarters every
month during two lactations without evidence of a permanent
cure in any quarter. Others were not so extreme. The possibility
of the infectious organisms developing or having resistance to

.penicillin was investigated. The infectious organisms from several
of the quarters which had not responded to repeated treatments
along with a few which did respond to later treatment were iso-
lated by plating aseptically drawn milk on blood agar and subcul-
turing typical colonies in tryptose broth. Organisms isolated from
milk were maintained on tryptose-agar slants until tested. For the
inoculum, 24-hour broth cultures were used. A drop of the inocu-
lum was placed into tryptose broth containing varying concentra-
tions of penicillin and incubated 48 hours at 37°C. Presence or ab-
sence of growth was recorded. All organisms grew well in the pres-
ence of 0.015 o. u. of penicillin per ml. Variations in growth occurred
in cultures containing 0.031, or 0.062, and 0.125 o. u. of penicillin
per ml. These results indicated no resistant strains and no marked
difference between the strains tested.

DISCUSSION

The magnitude of the mastitis control problem is greater than
most dairymen realize. When almost three-fourths of the milking
cows in the herd shed infectious organisms sometime during the
year, the most logicali approach to the problem may be to consider
every cow in the herd a possible source of infection at any time.
Whether or not the infection progresses to the stage of clinical
mastitis will depend upon the resistance of the cow to the infec-
tious agent (s) and th~ care of the udder. The object of this investi-
gation has been to determine the extent to which treatment is ef-
fective in this regard: The possibilities of mastitis control without
antibiotic treatment knd with various forms of antibiotic treat-
ment in Tennessee hJrds have been explored.

I .

The results indic~te that even though the identity of the in-
fected cows was known, the incidence of infection was not signifi-
cantly lowered without treatment, except in unusual circumstances
such as sale of cattle or changing seriously harmful milking prac-
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tices. It is possible that infection incidence may have increased (as
it did in herd E) if milking order according to the results of the
tests had not been observed. The observation that 37.3 percent of
untreated cows apparently recovered from mastitis infection would
lead one to expect more favorable results without treatment than
were secured. However, the incidence of new infections (original
and reinfection) kept pace with the spontaneous cures; resulting
in little change in average herd infection. A large percentage of
the cows remained infected consistently from month to month,
and many of them eventually developed acute or chronic clinical
mastitis. A few cases of clinical mastitis developed in cows without
previous positive bacteriological tests. These may have been due
to invasion of the udder by the infectious agent after the last test,
or to a rapid increase in the infectious agent from a level too low
for detection to a level high enough to produce toxic changes.
Such occurrences lead the farmer to lose faith in the ability of
the bacteriological test to aid in the control of mastitis, because
clinical mastitis is the only type which seriously concerns him.

Since the mastitis incidence was not lowered in herds which
were tested but not treated, it might appear as if no benefit were
derived, and therefore the cost of the testing was a complete loss
in the total economic picture. Several benefits may accrue, how-
ever, from merely knowing which of the cows were infected and
something about the seriousness of the infection. Milk for calf
feeding can be selected from cows free of infection. This is an
important item in reducing mastitis in heifers at their first parturi-
tion. When it is desirable to cull cows from the herd, knowing the
degree of mastitis infection will aid the farmer to rid himself of
the most serious sources of infection and at the same time salvage
the animal by sale for beef before the disease renders it unfit for
sale. There is also the possibil:ty that knowing the infected cows
may enable the farmer to partially protect the non-infected ones
and thus increase the umber of mastitis-free lactations and re-
duce the annual replacement cost due to mastitis. The nature of
the data secured would not allow of an accurate estimate of the
value of these factors.

To determine whether or not such testing would be economical
it is necessary to estimate the cost of testing. On J;he basis of this
study it has been estimated that while testing 4 herds averaging
25 cows each the average cost was $1.03 per cow, not includ-
ing travel expenses. Since only one herd per day and four per week
can be tested, the cost per cow will vary inversely as the size of
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herds. Therefore large herds could more likely be interested in a
testing program than could small herds. The experience in this in-
vestigation with samples collected by herdsmen and sent to the
laboratory by mail was very unsatisfactory. In spite of preserva-
tives, from 10 to 50 percent of such samples were unreadable.
Therefore, the technician must be within daily driving distance of
his laboratory-probably a radius of 100 miles per herd; this would
then increase the average cost for a 25 cow herd to about $1.27
per cow. If four tests per year were made in a herd this would
average $5.08 per average cow milking, or $127.00 per herd per
year. In terms of milk value this is equivalent to 3175 pounds of
milk at $4.00 per cwt. or 4233 pounds at $3.00 per cwt. Few farmers
would be willing to pay so much for the seemingly intangible bene-
fits which they would receive from such a testing program. This
represents, however, less than the milk production lost from one
cow having a severe acute attack of mastitis in early lactation,
as well as less than the cost of raising one heifer for herd replace-
ment.

Most farmers would more willingly provide money for drugs
to treat their cows than for testing. Assuming an average cost of
$1.00 per quarter treated, the $127.00 which might have been
spent on testing would provide treatment material for 127 quarters
or enough for nearly 32 cows per year. There may be some justifi-
cation for regarding every quarter infected and treating the en-
tire herd once or twice per year. Such a procedure certainly would
reduce the infection in a herd at least temporarily and might pro-
vide the average farmer more direct benefit than a testing pro-
gram alone. This would be a fruitful field for further investigation
in mastitis control procedure.

An indication of what can be expected from treatments with
penicillin in specialized dairy herds is given by the results from
herds A, B, C and D. The cheapest form of treatment to follow
would be treatment during the dry period~ as practiced in herds C
and D. It was not, however, outstanding in its effect, resulting in
only 41 percent cured cows as compared to 53 percent of cows cured
by one series of treatments during lactation. If a system of treat-
ing cows is planned it would be more efficient, therefore to treat
all cows during. the lactation than while they are dry. The failure
of penicillin treatment during the dry period to produce as high a
percentage of cures as that during lactation was somewhat unex-
pected in the light of previous reports. A logical explanation can be
offered, however. It was frequently noted in this study that cows
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sampled during the first week of lactation tested clear of infection
but that infection appeared in subsequent tests in the same quar-
ters which had been infected in the previous lactation. Hence, one
clear test right after calving has not been accepted as evidence of
a cure here as it has in many previous studies. On the basis of the
known principles by which penicillin destroys bacteria, it would
be expected that the penicillin would have greatest effect while the
infectious organisms are able to multiply in the milk-bathed tis-
sues of the udder, i.e. while lactating. During the dry period the
udder is infiltrated with leucocytes and the composition of fluid in
the milk ducts and cisterns becomes less favorable for bacterial
multiplication, which is necessary for penicillin to destroy the or-
ganisms. It is also probable that the penetration of penicillin
throughout the dry udder is not as great as in the lactating udder.

These investigations showed that mastitis was most rapidly
and consistently reduced by the process of treating all positive
quarters following each monthly test. This would then seem to be
a desirable system to follow. The cost of such a plan might be con-
sidered prohibitive, however. The estimated cost of testing and
treating herds A and B during the first 12 months was as follows:

Herd A
485 cows tested @ $1.27

365 Quarters treated @ $2.00

Total cost

= $615.95
= 730.00

$1345.95

Herd B
613 cows tested @ $1.27

152 quarters (9 mos.) treated @ $2.00
Total cost

Total both herds

= $778.51
= 304.00

$1082.51
$2428.46

Sincea total of 144 cows were included in the program from these
herds the first year, the average cost per cow was $16.86. If treat-
had been calculated at $1.00 (the cost of material) per quarter,
the cost would still have averaged $13.27 per cow. It is also note-
worthy that this program did not eliminate the mastitis infection
so that it was necessary to continue treating in both herds the
secondyear; therefore, it is not correct to assume that any large
portionof the first year's cost could be prorated over a subsequent
time period.

During the second year, most of the mastitis infection in herd
A and some in herd B was due to a few cows which were periodic-
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ally infected, cured, and reinfected or relapsed. In most cases these
were high producing cows of fine inheritance; and although their
elimination would have simplified the mastitis problem, it would
not have been wise or an economical move in the long run. Further-
more clinical cases of mastitis did not develop more often in these
cows than in others. In some of the clinical mastitis cases in this
period no causative organism could be definitely identified, in
others the infection was shown to be due to organisms which were
noted very infrequently in the mastitis tests; such as Aerobacter
aerogenes, Pseudomonas and Corynebacterium. It would thus be im-
proper to assume that a herd with a very low incidence of de-
tectable mastitis infection will be free of clinical mastitis or will
cease to have quarters or cows destroyed by mastitis attacks. The
chances for infection of the udder with a very wide variety of
organisms which may be in its environment precludes the possi-
bility of a complete eradication of the disease from an average
herd of milk cows.

Summary
An investigation of mastitis infection as detectable bacteri.

ologically in six typical Tennessee specialized dairy herds has indi-
cated that an average of 72.8 percent of the cows in the herd are
infected sometime during one year, but only 49.1 percent of the
cows appear infected at one average test. Of all cows observed
for a full two-year period, only 6.7 percent remained free of
infection at every test. The incidence of infection in the
cows almost doubled from the first to the second lactation and
then remained high and slightly increased until 93 percent of cows
with 9 or more lactations were infected. Spontaneous recovery
from the infection occurred in 37.3 percent of infected cows. Treat-
ment with penicillin aided in clearing the infection from many
cows, but others did not respond to treatment. Organisms from
some of the cows which were not cleared by repeated treatment
were shown to be susceptible to penicillin in vitro. A series of four
daily intramammary treatments with 50,000 oxford units of peni-
cillin was more effective than single treatments' with 150,000 units
of penicillin. Of all cows which were cured following penicillin
treatment, 97 percent were cured at or before the fourth series of
quadruple treatments. Infection was found to be at its highest
rate during the latter part of the lactation. Treatments during the
dry period were not as effective as treatment during lactation in
these herd-wide studies. The economy of a testing and treating
procedure for mastitis control has been discussed.
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