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never proved, that the fatty liver of kwashiorkol is
related to a high incidence of cancer of the liver.1

j Davies, J. N. P. (1957) Acta Un. int. Cancr., 13, 646

We would do well to remember not only that
kwashiorkor is profound in its immediate effects
but that we know almost nothing of its long-term
consequences.

Quantitative Determination of Brucella in Cow's Milk
by means of Membrane Filtration*

by U. REUSSE, Dr. med. vet., Assistant Bacteriologist,
Department of Veterinary Medicine, Institute of Tropical Diseases, Hamburg, Germany

Positive results can be obtained with the usual
method for isolating Brucella from milk (inoculation
of solid culture media with sediment and cream)
only when the Brucella content of the milk is high.
If only small numbers of bacteria are present in the
milk then this method usually fails. On the other
hand, the more sensitive method of testing in
animals requires more time and is very expensive so
that, for routine investigations, it is largely out of
question.
For this reason we had already attempted to

utilize the membrane filtration method in testing
milk for bacteria, since we had found that it gave
good results in Brucella blood cultures.a Un-
fortunately, because of its fat and protein content,
milk can be filtered through membrane filters only
in very small amounts, so that even if diluted there
seemed little hope of success. However, in a recent
paper, Fifield et al.b describe a method for the
membrane filtration of milk for the detection of
Escherichia coli. These workers added an emulsifier
to the milk immediately before filtration and were
then able to filter even fairly large quantities.

I have modified this method for the detection of
Brucella in milk or cream. Membrane filtration
involves, in principle, the passing of the milk under
examination through a membrane filter, the micro-
organisms in the milk being then held back by the
filter disc. After filtration, the filter discs are
transferred to agar plates and incubated. Nutrient

* This study was aided by a research grant from the
Deutsche Forschungsgemeinschaft.

a Reusse, U. & Schindler, R. (1957) Z. Hyg. Infekt.-Kr.,
143, 578

b Fifield, C. W., Hoff, J. E. & Proctor, B. E. (1957) J. Dairy
Sci. 40. 588

substances diffuse through the filter disc so that
colonies grow on the filter.
The filtration equipment used was pressure filtra-

tion apparatus GD 9 with cylindrical glass attach-
ment, while the filter discs were special CO 5 mem-
brane filters (Membranfiltergesellschaft, Gbttingen,
Germany). These filter discs are 90 mm in diameter
so that they just fit into a Petri dish. According to
the manufacturers, the pool size is on the average
O.4t, with maximal values of about 0.8,u.
The emulsifying agents used were Triton X-100

(Rohm & Haas Company, Philadelphia, USA) and
Witopal CO (Chemische Werke Witten, Germany),
the efficiency of which has recently been reported
by Thon & Voggel.c The emulsifiers were diluted
in the ratio 1: 2000 with distilled water, dispensed
in amounts of 50 ml, and sterilized in the autoclave.
For a quantitative test of the permeability of the

discs to Brucella, broth having a known content of
Brucella was filtered. In all cases, the number of
colonies growing on the discs after incubation
corresponded to the content of bacteria in the broth.
With one exception, the filtered broth remained
sterile after incubation.

In another series of tests, the toxicity of the
emulsifying agents was examined. For this purpose,
a certain quantity of Brucella was added to a
prepared emulsifying solution. From this mixture,
subcultures were made at certain time intervals by
spreading 0.1 ml on agar plates. After 30 seconds
the growth in the resulting subcultures corresponded
quantitatively to that in controls without emulsifying
agent. Subcultures made after 1 and 2 minutes

c Thon, D. & Voggel, K. (1958) Milchwissenschaft, 13,
556
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showed Brucella growths of 70% and 59 %, res-
pectively. With increasing time of exposure to the
emulsifying solutions the growth steadily diminished
until, after 20 minutes, no further growth occurred.
It is clearly evident from these tests that the time of
filtration must be kept as short as possible to avoid
destruction of Brucella.
For test purposes, Brucella were added to pas-

teurized milk and the whole well mixed. Fifty ml of
the emulsifying solution, heated to 45°C, were then
added to the assembled filter apparatus, followed
by 5 ml of the milk or 1 ml of the cream to be
tested. By careful swirling, the emulsifying solution
and the milk were mixed and filtration commenced
immediately afterwards under suction. The process
of filtration lasts only a few seconds; about 50 ml of
0.85% sodium chloride solution should then be
passed through the filter so as to wash as much as
possible of the emulsifying solution out of the filter
disc. The disc is next removed from the apparatus,
transferred to agar plates, and incubated for six
days at 37°C.
To inhibit the growth of the accompanying

bacteria normally present in milk, I used the
W-medium of Kuzdas & Morsed but without
circulin. Since, however, the antibiotics in this
medium do not kill all the accompanying bacteria
and since, on the other hand, an increased antibiotic
concentration inhibits the growth of Brucella, I also
added 2,3,5-triphenyltetrazolium chloride (1TC)
to the W-medium in a concentration of 0.01 %
(Huddleson) e. Because of the typical staining of
the Brucella colonies following the reduction of the
TTC, they can be easily distinguished from all other
types of colony (illumination by Henry's method).
When W-medium is used, a thoroughly sterile

working procedure is not necessary, but between
two filtrations the upper part of the filter apparatus
and the rubber packing should be flamed. The discs,
however, must be heated in distilled water to boiling
point before use.
The results of the tests show that it is possible

with this method to detect all the Brucella present
in milk. Even if only a few Brucella (3-30 in 5 ml of
milk) were added to the milk samples, the method
was quantitative, whereas cultures of cream and
sediment made for control purposes yielded negative
results in about 40% of the experiments.

d Kuzdas, C. D. & Morse, E. V. (1953) J. Bact., 66, 502
e Huddleson, I. F. (1952) Studies in Brucellosis III,

Michigan State College, Agricultural Experimental Station,
East Lansing

Finally, the milk from naturally infected cows
was examined quantitatively for its Brucella content.
The increased content of fat in milk taken directly
from the cow caused too great an increase in the
time for the filtration of 5 ml. Therefore, the
quantity of milk had to be reduced. The results of
such a test are shown in Table 1:

TABLE I

Volume of Number of Number of
milk filtered colonies Bperml ofmilk

2.0 ml 79

0.5 ml 14

0.5 ml 25 40

0.1 ml 3-

0.1 ml 5

For control purposes, 10 ml of milk were cen-
trifuged for 30 minutes at 2500 r.p.m., and smears
transferred with a loop from the cream and sediment
to W-medium and bacto-tryptose agar. After
incubation, not more than 1-3 Brucella colonies
could be found on 3 out of 6 plates.
Only a few Brucella were isolated by the membrane

filtration method from the milk of a second cow
(Table 2), the controls being negative.

TABLE 2

Volume of Number of Number of
milk filtered colonies | rpella

per ml of milk

2.0 ml 5

2.0 ml 3

0.5 ml 1 2-4

0.5 ml 1

0.1 ml 0

0.1 ml 0

These experiments show that membrane filtration
gives better results than the usual method of milk
examination. Moreover, it is possible to determine
the precise number of bacteria per ml of milk, i.e.,
to carry out a quantitative test.
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In addition, the method enables Brucella in the
blood to be detected quantitatively. By application
of the same experimental technique, up to 1 ml
of citrated blood can be filtered. Finally, the mem-
brane filtration method can be used to recover

Brucella from amniotic fluid as well as from the
contents of the abomasum of aborted foetuses.
In these cases, the use of an emulsifying solution is
not necessary, since 10 ml and more can easily be
filtered.

Molluscicide-Dosage Computer for Bilharziasis Control *
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General Engineering Program, Division ofEngineering Services,
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MOLLUSCICIDE-DOSAGE COMPUTER FOR SMALL PONDS FOR USE
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* Contribution of the Bitharzia Control Unit, Depart-
ment of Health, Commonwealth of Puerto Rico; and the
Communicable Disease Center, Bureau of State Services,

Public Health Service, US Department of Health, Education,
and Welfare, Savannah, Ga., USA.

a Formerly Senior Sanitary Engineer, Puerto Rico Field
Station, US Public Health Service, San Juan, Puerto Rico.

846c


