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ABSTRACT

A SURVEY AND BACTERIOLOGICAL STUDY OF BRUCELLOSIS
IN SELECTED PARTS OF LEBANON AND SYRIA.

1. A historical review tracing the development of the
problem of Brucellosis from its appearance in the literature till
the present day was presented.

2. A survey of goat's milk, cow's milk, goat's serum and
human serum, obtained from selected representative areas of Lebanon
and Syria was made for the presence of B, melitensis, B. abortus
and their specific agglutinins. Strains of B. melitensis and B.
gbortus were isolated and their cultural characteristics investi-
gated.

3. A total of 1539 milk specimens were examined of which
269 came from Syrian goats and 1270 came from either cows or goats
of Lebanon.

4, The average incidence of infection among animals in
Syria and Lebanon as judged from the number of positive findings of
B. melitensis and B. abortus in goat's and cow's milk was 0.91 per
cent., This reflects the relative incidence of active infection,
The incidence of past infection among the animals as judged by the
positive titer obtained from whey agglutination tests was 17.3 per
cent, The current incidence of infection in cows and goats were of
relatively similar magnitude, being 0.85 and 0,93 per cent res=-
pectively., Past infections as indicated by whey agglutination tests

also were relatively equal for bovine and caprine strains, the



incidences being 18.8 and 16.6_per cent respectively. Goat sera ag-
glutination tests, on the other hand, indicated a much higher ineci-
dence of past infection among the goats to the extent of 67 per cent.
Cow sera were not available for study but a survey of 641 human sera
from the A.U.B. Hospitals gave an incidence of six per cent of
positive agglutination tests for B. abortus and B, melitensis.

5, The average incidence of current infections for goats
from both Lebanon and Syria was 0.93 per cent. Infections were about
twice as frequent in the Syrian goats (1.5 per cent) however, as in
the Lebanese goats (0.74 per cent). Infection in Lebanese goats was
higher in Tripoli (2.5 per cent) than at Laklouk (1.05 per cent) and
least in Beirut (0.38 per cent). The incidence of current infections
among Lebanese cows-was 0.85 per cent but a higher rate of infection
was found in Mashghara area (1,25 per cent) than in Belrut area
(0.65 per cent).

6. The average incidence of past infections for goats from
both countries was 16.6 per cent., The incidence of past infections
was 18.2 per cent for the Syrian goats and 16.1 per cent for the
Lebanese goats. The incidence was higher in the Tripoli area (25.6
per cent) than in the Laklouk and Belrut areas (15.8 per cent) and
(15 per cent) respectively. The incldence of past infections among
Lebanese cows was 18,8 per cent. This figure was higher in Mash=-
ghara (22.2 per cent) than in Beirut area (17 per cent).

7. The cultural characteristics of the B. melitensis and
B. abortus strains isolated from Lebanese and Syrian goats and cows,
agreed essentially with the description given for these organisms

by previous workers,



STOR BACKGROUND

BRU ITENSIS

Undulant fever was recognized as a clinical entity by Mars-
ton in 1859 (116). It took a real place in medical history when 1t
swept through the ranks of the British Army during the Crimean War,
breaking out on the Island of Malta among soldiers who drank raw
goat's milk, Many authors suggested that this disease, like many
others, may well date as far back as the time of Hippocrates (about
450 B,C,), who described a fever which historians now recognize as
being Malta fever, During the 18th and 19th centuries various
accounts of the disease appeared and during the Crimean War consi=-
derable confusion existed due to the simultaneous presence of
Malta and Typhoid fevers in the British troops.

In 1886, 8ir David Bruce (13) was the first to establish
the etiology of this disease by describing a small cocco=bacillus
gseen in sections of the spleen of fatal human cases. The following
year, he isolated the bacillus from human cases on the Island of
Malta.

Hughes (89) in 1892 named the causative organism Strepto-
coccus melitensis, while Bruce (14), a year later, called it Micro-
coccus melitensis. Early workers, obviously, did not recognize the
bacillary form of the organism.

The disease was given many descriptive names after its
locality, nature or course among which were Mediterranean fever,
goat fever and dust fever. It was Dr. M. L. Hughes (90) of the
British Army who in 1897 named it "Undulant Fever" after the



remissions and recurrences of the fever associated with 1it,.

By 1904 the disease had become quite a problem in Malta, so
a commission was appointed by the British Admiralty, the War Office
and the Civil Government of Malta to study it. This commission
established the fact that over 40 percent of the goats on the
island of Malta were infected. Hughes, however, never had the sus-
picion that the origin of the infection in human beings lay in
goats' or cows' milk, but was under the impression that it was in
the sewage, In 1905 Zammit (185), a member of the British Com-
mission, was the first to discover that a big percentage of the
infected goats eliminated virulent bacteria in their milk and thus
established goat milk to be the chief host of Brucella melitensis.

Human caseg were traced to drinking infected milk, Many
other cases were found in herdsmen and those handling the infected
animals, Many of these were found to have been infected through
the skin abrasions contaminated with urine from infected goats, in
which large numbers of organisms were found.

In the Commission's final report they stated that the most
common method of infection in man was by the ingestion of infective
articles of food, mainly milk.

Brucella melitensis localizes in the udder, gpleen and
lymph nodes of the goat, giving rise to an interstitial mastitis

and splenic lymphadenitis. The organism has also been recovered by
Shaw (159) and Duke (33) from the milk of cows living in contact

with goats and from fetuses of sheep and goats.



BRUCELLA ABORTUS
In 1897 Bang (6) in Denmark isolated a micro-organism res-

ponsible for a contagious abortion in cattle, which he termed
Bacillus abortus. The disease is now recognized as "Bang's Abortion
Disease",

In the cow Bacillus abortus localizes primarily in the
pregnant uterus, more particularly in the fetal membranes (chorion)
and secondarily in the udder ducts., The pregnant cow shows no
clinical manifestations and the infected udder presents no signs of
mastitis, The pathologic picture of the chorionic disease 1s the
invasion of the epithelium by the bacillus, and its multiplication
therein (161), In the cow's udder the organisms, escaping into it
from the circulation, are probably retained in the residual milk
from day to day and multiply there,

Brucella gbortus has been found in animals in all parts of
the world, It has been recovered from naturally infected horses,
fowls, dogs, sheep, wild deer, wild buffalo and human beings.

In 1894 Theobald Smith first observed a peculiar disease
occurring in guinea pigs following their inoculation with milk,
that simulated tuberculosis. It was only in 1911 that he and
Fabyan (163) determined definitely that these lesions were caused
by Brucella gbortus.

In 1911 Schroeder and Cotton (152) asserted that the udder
was the habitat of choice of Brucella agbortus, in fact the only
habitat in the non-pregnant cow. One animal in their work showed
bacilli in her milk for seven years. These same workers called

attention to the fact that milkers may perpetuate the disease by



carrying it on their hands.

In 1913 Zwick and Krage (188) isolated organisms from the
milk of three cows, They noted no changes in the udders or milk
microscopically and concluded that Brucella abortus may pass
through the udder without causing lesions,

In 1913 Schroeder (151) fed guinea pigs with infected raw,
pasteurized and boiled milk and said that several of the guinea
pigs recelving the raw milk developed abortion disease.

In 1917 Fleichner and Meyer (52) concluded from inoculating
guinea pigs with certified milk that Bacterium abortus was for all
practical purposes, always present in certified milk of infected
cows,

Alice C, Evans (39) deserves by shear merit the credit of
the most comprehensive purely bacteriologic work that has been done
on milk, She well deserves the credit for being the first one to
notice the very intimate relationship existing between Micrococcus
melitensis and Bacillus abortus and for the suggestion that the
latter organism may be pathogenie for man.

Evan's findings were confirmed by many observers including

Meyer and Shaw (129) who studied 21 strains of Brucellg melitensis
and 32 strains of Brucells abortus and found that these two types

cannot be distinguished from each other on morphological, cultural
or fermentation grounds, They suggested the generic name Brucella
to separate and distinguish them from the genus Bacterium,
BRUCELLA SUIS

The recognition of porcine abortion in America by Traum
(172) in 1914 was approximately 17 years after Bang described the
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cause of infectious abortion in cattle., His report, as well as those
of many other investigators, indicate that the porcine cultures are
more virulent for man than is the bovine type and the handling of
infected material leads to infection more readily than does the
ingestion of contaminated food., Hence, packing-house employees who
handle hog products work under conditions peculiarly hazardous for
contracting brucellosis (42), The results of the several investi-
gators have agreed in showing that individuals who come in contact
with infective material may develop immunity reactions without
suffering any notable illness.

T IVITIES OF THE BRU

The following presentation is a brief review of the
literature that deals with the metabolic activities and nutritional
requirements of Brucella.

The nmutritive requirements of Brucella are relatively
complex and the best growth is obtained on enriched media. In an
attempt to prepare a synthetic medium that would support the growth
requirements of Brucella in a chemically defined medium have been
studied by Zobell and Meyer (187-VIII)., Lactates, citrates,
cystine, asparagine and other compounds supply to a lesser degree
the ecarbon or energy requirements, The ammonium ion and certain
amino-acids furnish the nitrogen, The minute sulphur demands are
satisfied by sulphates and thio-amino=acids, Phosphates suffice
for the indispensable phosphorus, Of the mineral elements, mag-
nesium and little sodium or potassium are essential and iron is

beneficial, In the absence of knowledge of the accessory growth
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factors required by this group, only slight growth was obtained
when such media were used, MeNutt and Purwin (123) found that when
Brucella was limited to a sugar as the only source of carbon,
growth took place in both arabinose and xylose., It was believed
that in these instances ingredients were used which are known to
carry various accessory growth factor substances as contaminants.

Koser, Breslove and Dorfman (108) were the first workers to
obtain luxuriant growth of the Brucella in a chemically defined
medium by the addition of known accessory growth factors., The
medium consisted of 17 amino-acids, glucose, inorganic salts and
the appropriate accessory factors: nicotinamide, thiamin, panto-
thenic acid and biotin concentrate, Koser and Wright (109) substi-
tuted the biotin concentrate with pure biotin or biotin methyl
ester and obtained similar results.

MeCullough and Dick (121) determined the qualitative and
quantitative requirements of the accessory growth factors for some
laboratory strains of Brucella and confirmed the findings of Koser
et al, Thiamin 0,2 , nicotinic acid 0.2 , calcium pantothenate
0.04 and biotin 0.601 per cc, of medium were required for use in
accessory factor tests, They found that strains requiring an
increased carbon dioxide tension were not successfully grown in
this medium, but after acclimatilatioh to atmospheriec conditions
growth of 30 strains was obtained.

In 1943 McCullough and Dick (122) and Schuhardt and Beal
(153) using a glucose-inorganic salt medium, found that Brucella
melitensis and Brucella suis required the presence of thiamin and
nicotinic acid amide while Brucella abortus required the presence
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of biotin in addition to thiamin and nicotinic acid amide. These
growth factor requirements are the same as those reported by Koser
et al, who used an amino-acid medium. Pantothenic acld while not
indispensable enhanced the growth of most of the strains,

The failure of Brucella to develop in media of known
chemical composition in the absence of accessory growth factors,
presents a decided contrast to the prompt growth in infusions of
meat, liver and yeast, These sources contain something necessary
for growth, Preliminary studies have shown that the growth-
promoting principles in tissues and yeasts may be separated to some
extent from other materials and partially purified (144),(150).
Kerby (101) reported that addition of nicotonic acid and thiamin to
Bacto-tryptose agar enhanced the size of the colonies of several
strains of Brucella abortus. Since these two accessory factors
were added to a peptone medium which in itself supported good growth
of Brucella, it was not clear whether the accessories were needed
for cell multiplication,

0f the sundry media that have been so far developed for
Brucella cultivation, none 1s absolutely satisfactory. With liver
infusion agar it was observed that many times if a given inoculum
will yield 600 or 650 colonies on a pour plate, an inoculum half as
large will yield absolutely no colonies (102), The Bacto-tryptose
medium introduced by the Difco Laboratories, Detroit, has the ad-
vantage of giving a quicker initial growth. Liver-infusion medium
prepared according to the method of Hasley and Schalter (75) was not
as satisfactory for the cultivation of Brucella as is tryptose

broth., A milk-tryptose-crystal violet medium described by Kerby
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and Calder (102) was proved to be superior to liver infusion broth
or tryptose broth in primary culture.

In 1939 Metzger, Beaudette and Stokes (125) obtained pure
ecultures of Brucella agbortus by inoculating the cream and sediment
of milk into the chorio-allantoic membrane of eggs on the tenth
day of incubation, Such cultures contained small numbers of these

organisms and large numbers of udder streptococeci,

DIFFERENTIATION OF THE MEMBERS OF THE GENUS BRUCELLA
The agglutinin-absorption test was the first method used

to establish differences between the members of the genus Brucella.
In 1920 Feusier and Meyer (50) who were the first to contribute

data on this subject identified four types. Later, Khalid in 1921
(103), Burnet in 1922 (16), Evans in 1923 (41) and Ress in 1927
(147) identified many different types, but the most inclusive work
was done by Evans, She studied 68 strains of Brucella of animal and
human origin, coming from all parts of the world, and established
two main serological types. Smooth strains of Brucella abortus and
Brucella suis constituted one main type and smooth strains of
Brucella melitensis constituted the other. Wilson and Miles in
1932 (177) showed that these two main types are distinguished not
by qualitative different antigens, but by a quantitative distribu-
tion of a common antigen., Brucella melitensis contains a large
amount of M and a small amount of A antigens, while both Brucella
Abortus and Brucella suis contain large amount of A and small amount
of M antigens. The A:M ratios in abortus and in melitensis are
assumed to be about 20:1 and 1:20 respectively.
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It was impossible by the agglutinin-absorption test to
separate Brucella suis and Brucella abortus, Furthermore, some
strains of Brucella possessing antigenic variant characteristics
could not be easily classified as to specles.

The pathogenicity tests proposed by Smith (162) and Car-
penter (18) in 1926 for differentiation of species have certain
1imitations., They pointed out independently by infecting guinea
pigs with minute doses of recent strains that porcine variety can
be distinguished from the bovine variety of Brucellsa abortus by
the character of the more chronic lesions resulting particularly in
the spleen and lymph nodes,

In 1928 and 1929 two methods were proposed for the dif-
ferentiation of the varieties of the genus Brucella. The first,
developed by McAlpine and Slanetz (119), depends on certain
differences in glucose utilization. The abortus-melitensis group
is divisible by this test into two divisions. The first known as
the abortus group, made up of strains that are incapable of
utilizing more than two per cent glucose in the presence of Fair-
child's peptone and consequently demize the amino-aclds and render
the medium increasingly alkaline; and the second group which
includes the porcine and melitensis strains that hydrolyze from
five to twenty percent of glucose under the same conditions. These
glucose metabolism studies, however, do not furnish distinet
differences in the varieties of the genus Brucella, for quite a
number of the abortus cultures utilize more than two per cent,
while several melitensis strains split the carbohydrates in amounts

below five per cent, Moreover, McAlpine, Plastridge and Brigham



(118) showed that strains growing for several generations, lose
their ability to utilize dextrose, but upon transfers in liver in-
fusion broth with continued incubation at 37°C. for two weeks,
these strains developed a new form (mucoid) in which the glucose
utilizing power was restored. McAlpine and Slanetz (119) found
that these differences in the metabolism are closely paralleled by
the behavior of the strains toward carbon dioxide, Thus the
growth of the abortus cultures is accelerated by the cultivation in
an environment containing five to ten per cent carbon dioxide,
while the porcine and melitensis cultures are more or less inhi-
bited when inoculated under the same conditions., These procedures
fail to distinguish between the porcine and melitensis strains.,

The second method, recommended by Huddleson (81), deter-
mines the growth differences of the species by the use of dye media,
He divided the group Brucella into three varieties:

1. Brucella gbortus, thionin genesistatie, fuchsin and methyl
violet fast.

2, Brucella suis, thionin fast but fuchsin and methyl violet
genesistatic,

3. Brucella melitensis, thionin, fuchsin and as a rule, methyl
violet fast.

However, there are some difficulties in the dye plate method
of differentiation. Occasionally, a batch of liver agar would
reduce a dye spontaneously, especially thionin, thereby rendering
it unfit for use, This characteristic has been attributed by Meyer
and Zobell (187) to various substances, and combination of subs-
tances., They stated that "Variation in peptone and protein content
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of the basic medium affects the toxicity of the dyes, The presence
of reducing substances, such as glutathione, sulphydryl group and
respiratory pigments activate the transformation of the dye
molecules, The age of the liver, the method of extraction, filtra=-
tion, etc,, materially influence the composition of the basic
medium",

In 1929 Huddleson has supplemented the shortcomings of the
previously mentioned tests by a study of the rate of hydrogen
sulphide production and then by a comparison of the genesistatic
properties of certain dyes to interfere with the reproductive mecha-
nism of the representatives of the genus Brucella, 0On a favorable
medium, Brucella suis produces hydrogen sulphide for at least six
or seven days, Brucella abortus produces hydrogen sulphide for
only one or two days and Brucella melitensis does not produce an

appreciable amount at any time.

Kristensen (110) and Thomsen (169) reported that the Danish
porcine strains give negative hydrogen sulphide. Furthermore, they
found that under identical conditions typiecal abortus strains may
fail to generate hydrogen sulphide, while melitensis strains may
produce small amounts of the gas. From these results Zobell and
Meyer (187-V) concluded that too much reliance cannot be placed on
the hydrogen sulphide test in the classification of individual
strains,

The ability of Brucella to reduce nitrates is a significant
and valuable differential characteristic., Evans in 1918 (40)

showed that some cultures have a slight tendency to reduce nitrates
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to nitrites irrespective of being Brucella abortus or Brucella
melitensis. Duncan and Whitby in 1930 (34) and Bergey in 1931 (8)
deseribed the whole Brucella group as non-reducers, Topley and
Wilson (170) reported that nitrates are occasionally reduced by
certain strains. Zobell and Meyer (187-VI) asserted that Brucella
reduce nitrates to nitrites when tested in a semi-solld medium
containing 0,2 per cent potassium nitrate., The nitrites are also
rapidly reduced., These observers were also able to find a suf-
ficient difference in the nitrate and nitrite-reducing power of the
three species of Brucella. "Suis strains destroy 0,05 per cent
potassium nitrite in five days, while the abortus and melitensis
types lack this ability. The melitensis varieties are in general
more active reducers of nitrites than the abortus". It should
always be borne in mind that none of the various tests for the dif-
ferentiation of the genus Brucella is reliable alone. In fact, it
is advisable to use as many tests as possible in an attempt to

differentiate one species from the other,

IAGNOSIS OF UND EV
The diagnosis of Undulant fever is often very difficult.
In many cases, the symptomatology is either indefinite or may re-
semble that of other diseases. The great diversity of signs and
symptoms produced by this infection compels the clinician to rely
upon the laboratory for diagnosis. There are many different labo-
ratory tests which will be discussed in the order of their

decreasing importance.
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Cultural Test:
Isolation of Brucella from the blood, stool or urine (182),

(64) stands first as a diagnostic aid in confirming the clinical
diagnosis of Brucellosis. Such isolation, moreover, when supple=-
mented by the Huddleson dye method, or any other differential test,
reveals the species of organism and is of great value in establish-
ing the animal source of infection. The point against it is that
besides the inherent technical difficulties, blood, stool and

urine culture take too long for an ordinary diagnostic or public
health report.

Agglutination Test:

The agglutination test, because of its ease in performance
and its specificity, is the reaction of choice in most laboratories.
Here the matter of technic, which involves the choice of strain to
be used, the preparation of the antigen, the time of incubation and
other details, is of extreme importance. The question of the
proper titer to be obtained before a positive diagnosis can be made
is a perplexing one. Some workers think that any case showing a
titer of 1:80 or above should be considered diagnostie (77), and
that titers of less than 1:80 have little or no significance. On
the other hand, even in severe cases in which Brucella infection
is proved by cultivation of the organism, skin tests and animal
inoculation, agglutinins may be lacking in the serum. That was
true in Evans' case (42) and Carpenter, Boak and Chapman (23), vho
have recognized severe cases presenting a weak titer of aggluti-
nins or none in the serum. Burnet (15-III), (16) reported that

16.6 per cent of his cases failed to show agglutinins in the serum
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and Simpson (155) reported a number of such cases, Infection without
the occurrence of agglutinins in the serum would be even more likely
to occur in mild (chronic) than in severe (acute) cases (42). Hence,
a negative agglutinin reaction cannot be regarded as significant in
chronic cases and a low titer of 1:10 or over is now being stressed
in the diagnosis of the ambulatory cases (155),(74). Furthermore,
the agglutination test may be positive, in dilutions of 1:80 or
more, with or without any evidence of clinically active Brucello-
sis (117),(94),(28),(124),(84). Therefore, whenever the results of
any agglutination test are considered, the question of past or
present infection becomes of importance. Carpenter and Boak (22)
are of the opinion that the agglutinins usually rémain for a long
time; hence, in the interpretation of positive agglutination re-
ports, the persistence of reacting bodies from a previous infection
must always be considered.

As Brucellas have certain antigenic relationships with
other organisms, it is worthwhile to mention those for they should
be kept in mind while running an agglutination test.

Since first reported by Francis and Evans in 1926 (57), it
has become widely recognized that the serum of patients suffering
from tularaemia and Brucellosis may have cross agglutinins, On
the other hand, such cross agglutinations may also occur between
Brucella and Proteus, Nicolle and Comte (135) observed the agglu=-
tination of Brucella melitensis and Brucella abortus by typhus
gserum, They noticed that the agglutinins for Brucella disappeared
within two days, at the time when the Weil-Felix reaction developed.
Kemp et al. (100) reported four cases of Undulant fever in which
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various Proteus strains were agglutinated in titers ranging from
1:80 to 1:240, but stressed the important fact that there was no
inerease in the titer as the disease progressed. In 1941 Calder
(17) found high agglutinin titers for Proteus in chronically
febrile patients who gave no clinical history or physical signs
suggesting the possibility of Typhus or Kocky Mountain Spotted
Fever,

In 1946 Eisele, McCullough, Beal and Burrows (35) demons-
trated the development of Brucella agglutinins in humans following
vaceination for cholera, In 1947 (36) they found that in hundred
subjects who had been vaccinated against cholera while in military
service, 56 per cent had positive Brucella agglutination reactions
in titers of 1:20 or higher, 41 per cent had titers of 1:40 or
higher and 20 per cent had titers of 1:80 or 1:160, In the group
who were tested 18 or 28 months after vaccination, 27 per cent

sti1l had titers of 1:40 or higher.

Skin Sensitivity:
With the exception of a very few observers who explain the

phenomenon as an indication of immunity or a phase of anaphylaxis,
ecutaneous hypersensitiveness is now generally considered to be an
evidence of infection, Fleichner, Meyer and Shaw (54) after a
geries of experiments on guinea pigs, came to the conclusion that
by repeated injection of dead Brucella agbortus or abortus protein
into guinea pigs, it is possible to develop a high grade of im-
munity as evidenced by the marked agglutinin content of the blood.
Incidental to the development of this immunity, these animals

became highly sensitized and some of them developed a pronounced
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anaphylactic state., Cutaneous hypersensitiveness was never present.
By subsequently injecting them with 1living organisms, skin tests
were always present if on postmortem examinations there were patho=-
logic evidences of infection. A state of an anaphylactic hyper-
sensitiveness can exist without the least cutaneous hypersensitive-
ness. Stroem in 1931 (167) found that cutaneous hypersensitiveness
wae present in all animals infected with living Brucella, even
when pathologic lesions were absent on gross examination, The
difference between Stroem's and Fleichner's results might be due to
the fact that Stroem strains were old laboratory strains that
seemed to have lost much of their ability to cause gross lesions,
but were still able to sensitize the body.

In human beings cutaneous hypersensitivity to organisms of
the genus Brucella was first investigated by Fleichner and Meyer
(53)., Using a saline suspension of the organisms, they tested 75
{nfants who had been fed milk containing Brucella abortus and found
two with a specific skin sensitivity., Later, many other prepara-
tions were used as antigens. The broth filtrate used by Burnet
(15-I111), Trenti (174), Olmer and Massot (136), Dubois and Sollier
(32), has been dispensed with because of the possibility of a
pseudo-reaction (61); a saline suspension of the killed organisms
used by Sensenich and Giordano (154), Giordano (61), Simpson and
Frazier (157), Favorite and Culp (47), gives accurate and specific
results but may cause a severe reaction, and is always followed by
a positive agglutination test. Leavell and Amoss (112) claimed
more specifie reaction with heat-killed suspensions than with

extracts. A single strain of Brucella melitensis group is suffi-
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cient as an antigen in performing the test, since it has been found
that other members of the group give similar results (184), Nucleo-
protein fractions in saline, or fat-free alcohol extracts, have
been used by Levin (113), Simpson (155), Henry and Traum (78),
Giordano and Sensenich (62) and Huddleson, Johnson and Hamann (87).
They probably give a much less general reaction, with equal speci=-
ficity, but are usually followed by a positive agglutination test.

In 1934 Goldstein (63), Heathman (76) and Huddleson (84)
demonstrated the appearance of agglutinins after skin testing.
Evans in 1937 (44) and Menefee and Poston in 1939 (124) showed that
the endermic injection of brucellergen causes a rise in the patients
opsonins and agglutinins, which reaches a peak near the end of the
third week, .

In 1938 and 1940 Morales-Otero and Gonzalez (132),(134)
prepared a purified protein antigen from Brucella and used it to
investigate cutaneous hypersensitiveness to Brucella among milkers
and cattle handlers in farms. It was found (133) that contact
with infected material causes the development of a state of hyper-
sensitiveness, as shown by injecting the purified Brucella protein,
although signs or symptoms of the disease were absent, This has
been explained by the fact that hypersensitiveness usually appears
later than agglutinins and complement-fixing antibodies and that
it lasts longer,

Brucellergen prepared by Huddleson (84), was found superior
to the other antigens, because it eliminates a certain percentage,
but not all of the non-specific reactions. Angle in 1938 (2) and
Keller in 1940 (98) found that brucellergen and heat-killed
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vaccine of Brucella suis and Brucella abortus are equally effective,
although the latter gave a higher incldence of local sloughs and
systemic reactions,

The skin test has been used frequently for the diagnosis of
Undulant fever (61),(113),(92),(87),(120),(63),(47),(99),(66),(124),
(98) and also in surveys designed to evaluate the incidence of
infection in various occupational groups, such as meat packers,
veterinarians and laboratory workers (88),(76),(127), The diver-
sity of preparations used as antigen makes correlation of results
of investigators difficult., As a rule, a positive reaction has been
considered as denoting past or present infection. The highest
percentage of positive reactors in those groups closely associated
with animal carcasses and persons with long periods of assoclation
with domestic animals, points strongly to animal contact as an
important factor in the development of positive reactions, Certain
observations have made the interpretation of the skin test difficult.
For instance, some individuals from whose blood Brucella abortus
has been cultivated, have been shown to have negative skin re-
actions (23),(30),(31),(168),(141),(43),(46). Moreover, considera-
tion must be given to the fact that normal persons may develop
cutaneous hypersensitiveness without having been aware of symptoms
of illness as a result of Brucella infection (124), and that
cutaneous hypersénsitiveness persists for years after complete
recovery. Theroforc, the skin test may seem of little value in the
diagnosis of the individual case, but further knowledge of the
epidemiology and incidence of Brucellosis in man may be gained by

its use on large groups.
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Kolmer in 1940 (106) and Meyer in 1941 (127) found that
previous vaccine injections did not induce positive intradermal
reactions. A positive reaction, therefore, can be regarded as
having the same significance as a positive tuberculin test in
tuberculosis. It indicates past or present Brucella infection but
bears no relationship to clinical entity.

Complement-Fixation Tests:
The value of the complement-fixation test for the diagnosis

of Brucella infection in animals was indicated by Holth in 1909
(80). In 1913 Larson and Sedgwick (111) stated that 17 per cent

of 425 children whom they had examined gave complement=-fixation
with Brucella abortus and that this reaction ran parallel with
agglutination., Moore (131) also stated that the "complement-
fixation test" is considered equally as good as the agglutination
test, or more satisfactory. Zelssig and Mansfield (186) reported
the results of their comparative studies of the agglutination and
complement-fixation tests for the detection of Brucella abortus
infection in cattle., They concluded that "the agglutination and
complement-fixation tests" agree very closely in regard to the
status of the animals under test, Carpenter and Boak (22) stated
that the agglutination test is the simplest and most satisfactory
method of ascertaining whether or not a patient has Undulant

fever, and that the complement-fixation test has no advantages over
the agglutination test. BSasano, Caldwell and Medlar (149) examined
the sera of 1,000 persons for complement-fixation and agglutination
and concluded that complement-fixing substances and agglutinins
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develop about the same time and that complement-fixing substances
persist longer than agglutinins.

In 1942 Wise and Craig (181) showed that because the
appearance of complement-fixing antibodies precedes that of ag-
glutinins, complememt-fixation may be ugeful for the diagnosis of
acute Brucellosis, They found out that brucellergén used in skin
testing provokes the appearance of complement-fixing antibodies
and, therefore, concluded that the finding of a positive Brucella
complement-fixation reaction in individuals giving no history of
an illness suggestive of Brucellosis and having never been skin
tested or given vaccine, is considered to indicate contact with

Brucella organisms but does not indicate active infection.

sono-Cyt ic Test:

In 1933 Huddleson and his associates (87) developed the
opsono-cytophagic test, which is a modification of the opsonic
index test, They recommended its use in conjunction with the skin
reaction and stated that valuable information as to the status of
the patient could be obtained if the results were properly inter-
preted. They showed that by use of citrated blood of humans who
were known to have had Undulant fever in past years and shortly
after recovery of those who are actively infected, or who have no
history of the disease, that the in vitro activity of the poly-
morphonuclear cells in whole eitrated blood for Brucella is an
expression of immunity to Brucella and an indication of the progress
toward recovery in active infection., The absence of, or a low

phagoeytic activity obtained in conjunction with a negative allergic
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test is evidence of susceptibility to Brucella infection. A sub ject
reacting positively to the intradermal test 1is classified as in=-
fected when less than 40 per cent of his polymorphonuclear leuko-
cytes show marked phagocytosis and as infected but with questionable
{mmunity if from 40 to 60 percent of his polymorphonuclears show
marked phagocytosis, A subject reacting to the intradermal test 1is
classified as immune when 60 per cent of his polymorphonuclears or
more show marked phagocytosis of Brucella organisms (66), In 1940
Keller and his associates (98) corroborated the results of Huddleson
and his co-workers, They indicated the specificity of the combined
tests, intracutaneous and opsono-cytophagic, in individuals who have
or have had Undulant fever, and the lack of response in those who
have other febrile conditions.

In 1939 Evans (45) considered that the opsono-cytophagic
test is the least reliable of the laboratory methods, and that a
positive agglutination reaction is the most significant evidence of
Brucella infection.

Conclusion:

Results drawn from the different studies of the laboratory
methods show that, not a single investigator has completely agreed
with the other on a definite procedure for the diagnosis of Malta
fever. Since none of the tests mentioned for the diagnosis of
Brucellosis gives results that may be interpreted as positive or
negative evidence of Brucellosis, a consideration of the combined
results of all the tests is the best procedure, Recognition of
chronic cases remains a clinical problem using the laboratory pro=

ceflures available as aids rather than as determining factors.,
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BRUC N M D M RODU

The seriousness of the problem of Undulant fever necessitated
a thorough and careful study of the sources of infection, The
results of these long and elaborate studies established two routes
of infection:

1. Through the skin, particularly the abraded skin,
2, Through the portal of the alimentary canal.

The second portal of entry indicated the need for examining
all those foods in which Brucella naturally occur and this fact had
been instrumental in directing the trend of work of the early in-
vestigators.

Zammit in 1905 (185) and later many other investigators,
have demonstrated beyond question, the fact that a high percentage
of infected goats eliminate Brucella melitensis in their milk,

Smith and Fabyan (163) and Schroeder and Cotton (152) were
able to infect guinea pigs by injecting into them milk from in-
fected cows and thus demonstrated the presence of Brucella abortus
in that milk, Thus both organisms, Brucella melitensis and
Brucella abo , were found in milk coming from infected animals.

The number of Brucella discharged daily in the milk 1is
very variable but for the most part, the greatest numbers are
present soon after abortion., The results of the Mediterranean Fever
commission (1907) on the number of Brucella melitensis organisms
present in goat's milk each day showed a variation from none to
30,000 organisms per cubic centimeter.

The infection in certain animals will become greatly reduced

or diasappear in three or four weeks, while in others, it may persist
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throughout a lifetime. Jones (93) studied the seasonal variation
in the incidence of Brucella agbortus in raw milk., It was found
that the number of positives reached a maximum about January and
a minimum about August,

Evans (38) after examining milk from two cows that had been
artifichlly infected many times with Brucella abortus, concluded
that virulent strains of the organism were not eliminated continual~-
1y in great numbers in milk from aborting cows, Carpenter and
Boak in 1928 (21) found that a small number of organrisms were
present in the milk of naturally infected animals, Huddleson,
Hasley, and Torrey (86) and Carpenter and Bakér (20) have demons=-
trated that by far, greater numbers of the organism occur in the
cream rising from a sample of milk than in the sediment or whole
milk,

Studies on the presence of infection in market milk have
not been so extensive, the dilution factor being responsible for
the lower incidence of infection in such a product. Because Bru=-
cella organisms occur in milk and cream, their longevity in crean,
butter and other milk products has been studied by several autho-
rities. Samples of naturally infected cream show a large amount
of infection because the fat globules carry up the organisms when
they rise to the surface (21)., Huddleson, in 1927, stated that
the organism does not appear to multiply in milk and cream held at
ice box temperature., He observed that the number of viable
organisms decreases rapidly when held longer than eight days and
after 60 to 90 days he was unable to recover the infection from the

milk., Carpenter and Boak (21) observed the length of time the



organisms can live in cream and concluded that the percentage of
butter fat in the cream and the hydrogen ion concentration of the
skim milk in the cream are the controlling factors: "Evidently the
higher the percentage of butter fat, the longer Brucella will

1ive in a given sample of milk if stored at refrigerator tempe-
rature, because the more compactly the fat globules are packed, the
less skim milk can the sample contain, The work of Sharp and
McInerney (158), shows that the hydrogen ion concentration of a
sample of cream or butter 1s approximately the same as that of the
skim milk or buttermilk in it. This evidently indicates that
butter made from sweet cream infected with Brucella abortus will
still contain living abortus organisms and that if butter made from
sour cream does not reach a pH of five, the infectlon may be
carried over in this butter also,

The methods employed in manufaeturing and processing
cheeses, such as heating, souring and ripening, militate against the
chance of these organisms being viable in cheeses, even though they
may have been present in the various types of milk and cream from
which they were made"., From these findings, Carpenter and Boak
concluded that Brucella abortus and Brucella melitensis are rare in
cheese if not entirely absent, specially if they are examined 48

hours after their preparation.

X ti f s

The following are the high points that are worth expounding
and dwelling upon in tackling the problem of milk examination for
the detection of Brucella:
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1. Collection of specimens and their preservation before
examination.
2, Isolation of Brucella from samples of milk,

3, Whey agglutination test.

1. Collection of speclmens and their preservation before examina-

tion:

In collecting specimens of milk for bacteriological ana-
1lysis extreme care must be taken to avoid the contamination of
the samples with foreign bacteria and to check the growth of
those already present,

Stict aseptic measures should be adopted while procuring
the specimen in order to avoid any contamination with cocel,
bacilli or other micro-organisms from the udder of the animal,
from the hands of the milker and from the air as a result of
undue long exposure of the gample, A number of ways are
available to check the growth of the organisms already present
in the milk, Among those most commonly employed are icing and
other means of refrigeration.

These precautions are essential becmuse milk samples may
reach the laboratory in a condition that causes the death of
the animals into which they are injected, or may undergo suf=-
ficient souring to destroy Brucella, Moreover, other bacteria
may overgrow in plate media and cover Brucella colonies.

Gilbert, Coleman and Groesbeck (59) showed that 30 per cent
glycerol will not destroy Brucella gbortus in milk, Traum and

Henry (173) used one per cent boric acid as a means of pre=
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serving milk to be examined for Brucella abortus. Such pre-
servation is sufficient to allow milk to be shipped conside-
rable distances during the warm season without undergoing
changes that would interfere with satisfactory laboratory

examinations and inoculations into guinea pigs.

Isolation of Brucella from samples of milk:

In establishing the presence of the organism in milk,
technical methods are important, Although Huddleson and his
associates (86) demonstrated that the organisms were most
numerous in gravity cream, other investigators obtained dif=-
ferent results, Thus Fitch and Lubbehusen (51) considered that
the sediment was the best inoculum, though they thought it
safer to use whole milk as well, In 1933 Stockmayer (165)
advocated the use of whole milk for the cultural isolation of
Brucella, Karsten (97) found that fore, middle and end milk
are equally good for cultivation, but emphasized that whole
milk was the most efficient, centrifuged sediment comes next
and cream the least suitable, For guinea pigs, he recommended
a mixture of gravity cream and sediment.

Sheather has established the infectivity of certain
samples of milk to guinea pigs indirectly by estimating the
rise in the agglutinating power of the animals' sera following
the injection of milk, He always found agglutinins within six
weeks of injection. A guinea pig blood titer of 1:40 or
higher may be taken as proof of infection. In 1932 Smith (160)

demonstrated that an incubation period of four weeks in the
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guinea pig was necessary for the appearance of agglutinins, In
ten instances agglutinins were noted to disappear before the
eighth week, He used the deposit from 25 ces, of milk for

each guinea pig and the tardy formation of agglutinins and their
early disappearance may have been due to the very small numbers
of Brucella inoculated. In 1922, Hagan (71), using high
dilutions of culture, noted the appearance of agglutinins as
early as the second week,

The reason why Brucella cannot be easily isolated from milk
of high bacterial count may be that they are killed by the acids
produced by saprophytic bacteria, When such milk is inoculated
into guinea pigs, a specific agglutinin titer may occur, al-
though Brucella may not be isolated from their tissues. It is
probable that tissue reactions set up in the guinea pigs by
inoculation of large numbers of saprophytes may cause premature
death of small numbers of Bmucella inoculated. Therefore, dirty
milk gives a lower titer of agglutinins in guinea pigs than
clean milk,

From these observations, we can conclude that most of the
previous workers used animal inoculation for the detection of
Brucella in milk, With the development of enriched media for
cultural purposes, animal inoculation has been dispensed with,
because it takes a long time to establish a definite diagnosis
of the infection. On the other hand, culture media, in
addition to the short time necessary for the detection of the
{infective organism, are easier to work with, cheaper, and the

chances of getting a laboratory infection are much less,
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3. Whey agglutination test:

In addition to the cultural methods and guinea pig inoculas
tion, agglutination tests of the whey are of great value indica-
ting a present or a past infection in the animal, When used as
a routine procedure, they will be effective in detecting raw
milk samples coming from badly infected herds. Bradley and his
associates (11) examined 1788 samples of milk by means of the
whey agglutination, and found out that 7.6 per cent of the posi-
tive reactors, discharged Brucella into the milk.

Giltner, Cooledge, and Huddleson (60) found that every case
in which Brucella abortus was found by inoculating milk into
guinea pigs, agglutinins were found in the milk, but Brucella
abortug was not found in every case that gave positive test for
milk serum., They concluded that either the bacilli were present
in too small numbers to give lesions, or the presence of anti-
bodies in the milk is a passive result from their presence in
the blood of the animal. In 1932 Karsten (97) demonstrated that
a milk-serum titer of 1:10 is regarded as positive, while a
titer of 1120 or higher is regarded as an index of presence of
the organism, Cows that had aborted, due to this organism,
became udder infected in 24 to 70 percent of cases. Elimination
of the organism in the milk is quite constant, Infected cows
that calved normally showed the organism in the milk in 25 per
cent of cases., Moreover, he was able to show in certain
instances that milk-infected animals might show a negative blood
and whey titer.

In 1931 John and Pless (91) were able to show that of the
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cows showing no blood reaction, 99.5 per cent gave no milk
reaction, 96,7 per cent of the reactors in low dilutions (1:25
or 1150) gave negative milk tests, It would appear, therefore,
that if a blood serum agglutination test is negative or 1s
positive with a serum dilution less than 1:100, the chances
are small of finding Brucella in the milk, The higher the
blood titer the greater the likelihood of the milk ghowing the
organism. He concluded that the exact significance must depend
upon the ability to isolate Brucella abortus from the milk,

Variations in the agglutinin titer of the milk serum during
milking and the daily fluctuations were observed by Vellisto in
Germany (175). He found out that the agglutinin titer changes
during lactation, Increase of the agglutinins in the milk
pegine with the dry period and falls rapidly after calving., It
is always lower than that of the blood serum, When blood serum
titer was 1:320 and above, the milk was also positive, but when
the titer was 1:40, no Brucella agglutinins were found normally
in the milk,

Milk serum agglutinin content in some animals is therefore
subject to many rapid changes. The antibodies may disappear
completely in a few weeks, or a negative animal may become po=-

gitive in the same time.
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ENTAL WORK OF PRESENT S

INTRODUCTION:
In Syria and Lebanon, dairy products nearly top the 1list of

our food commodities, and as these products afford a good medium for
many pathogenic organisms, it seemed worthwhile to make a study of
some of the organisms which are found in such products that threaten
our national health and economy. The reported incidence of Malta
fever in these two countries influenced the writer's choice of the
sub ject,

Considering the reported endemicity of Brucellosis among
animals and man in the Near East, it appeared worthwhile to study
the incidence of the disease in Lebanon and Syria, It was also
deemed of interest to establish as nearly as possible the source
of the disease in selected representative areas and to demonstrate

the Brucella species involved in human and animal infections.

MATERIALS AND METHODS:

In order to carry on the above mentioned project it was
decided that a cultural study on the samples of milk brought to our
laboratories would be made, It was also hoped that a study of the
agglutinin titer of sera of individuals and animals in the infected
areas could be carried out. Considering the importance of whey
agglutination tests as an index in diagnosing past or present animal
infection, such reactions were carried on every specimen of milk
together with cultural studiles, thus making available the opportu=-
nity of detecting any latent foci of this disease among healed
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animals when no direct isolation of the organism from the milk was
possible,

Though the source of the culture was known as to its being
from a cow or a goat, yet the task of differentiation was approached
in the same way as in dealing with an unknown organism, It is
generally believed that B, melitensis is common to the goat, B.
gbortug to the cow, and B, suls to the hog. To a certain extent,
this is true but overlapping might occur and the implication that
each is confined always to a single host is absolutely without any
basis,

. Thus, the fact that a given strain comes from a cow, a
hog or a goat is of value as supportive evidence in its identifica-
tion and differentiation, but is never a conclusive proof for an
absolute positive correlation.

The work was thus planned under the following headings:

1., Examination of milk samples: collected from different
sources in Lebanon and Syria. This includes a thorough
cultural study of strains isolated from such specimens,
and the determination of the species involved in the
infected area.

2. Whey agglutination tests: These were run on each sample
of milk with each of the strains of Brucella to determine
the type of infection, present or past, as manifested by
the degree of agglutination with the specific antigen
used,

3. Animal and human sera agglutination tests: These were run
on human and animal sera using a pooled antigen of Brucella
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melitensis, B. abortus and B, suis to determine the inci-
dence of a present or past infection of Brucellosis among
them,

1,Examination of Milk Samples: Collected From Different Sources In

Lebanon and Syrias.
Collection of Milk Samples:

The containers used to collect specimens were 20 cecs, vials,
plugged with cotton=-wool and sterilized in the dry heat sterilizer
for two hours at 160-165°C, (Fig.l).

Fig.l. Vials used for the collection of milk samples.

The milkers' hands were washed thoroughly with soap and
water and disinfected with 75 per cent alcoholj the animsl 's teats
were wiped with 75 per cent alcohol.

The first streams of milk or strippings were discarded, THe



The cotton plug was removed and the mouth of the vial flamed over
an alcohol lamp and put directly under the udder. A pooled sample
of milk was obtained by mixing portions of different specimens into
a sterile vial, under aseptic conditions and stoppered with a
sterile rubber stopper. The same procedure was routinely follwed
for every milk specimen in all instances.

When samples were brought from distant places, extra
precautions were taken depending upon the time that had to pass
before they reached the laboratory. When time elapsed between
milking and exsmination was less than ten hours the samples were
put in an ice basin, however when the time needed was more than
ten hours one per cent boric acid solution was added to the milk as
recommended by Traum and Henry (173).

In most cases, however, the Beirut specimens were examined
directly after reaching the laboratory, that is two to three hours
was the maximum time elapsed between milking and examination, where=-
as the Damascus, Tripoli, and Mashghara, etc., specimens were
examined a maximum of 24 hours after milking.

A heavily contaminated milk, containing a large flora of
air bacteria presents a number of difficulties in the process of
isolating the Brucella from the sample. As these organisme are
not inhibited when found in great numbers by 1:700,000 crystal
vidlet, they will overgrow the Brucella, and thus check their ap~-
pearance; or they might change the pH of the medium to such a degree

that Brucella, if present, will not be able to survive.
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Culturing of Milk Samples:

Each vial was shaken properly to ensure good mixing, and
a loopful of it was streaked on each of two Bacto-tryptose plates
containing crystal violet to a final dilution of 1:700,000, The
dye was to inhibit the growth of many gram positive organisms
commonly found in milk, One of the Bacto=-tryptose plates was
incubated at 37° C. aerobically, while the other was incubated

at 37° C. in the presence of 25 per cent carbon dioxide. (Fig. 2).

Carbon dioxide

Apparatus for obtaining carbon dioxide and culture
container for the isolation of Brucella abortus.

Fig. 2

The milk then was poured into 20 ccs sterile centrifuge
tubes and centrifuged at 3,000 r.p.m. for 15 minutes. Three layers
could be recognized:

1. a top layer containing the cream
2. a middle layer of casein in solution
3. the sediment.
A loopful from the cream layer was gtreaked on half of each
of two Bacto-tryptose erystal violet plates. The remainder of the



cream was decanted into a disinfectant jar. The middle cream-free
layer was decanted into a sterile 20 ces vial and used later for
whey agglutination. Similarly a loopful from the sediment was
streaked on the remaining half of each of the two Bacto=-tryptose
erystal violet plates used above, One of the plates was incubated
at 37° C, aerobically, while the other in the presence of 25 per
cent carbon dioxide.

All four plates were incubated for a duration of one week,
being examined daily for colenies of Brucella. When no such colonies
appeared at the end of this period, the plates were left for ane-
other week in the incubator and discarded 1n case the results were
negative. Suspicious colonies, however, when present, were easily
distinguished from others by their light blue violet color on
Bacto~-tryptose erystal violet medium. Their size varied from one
to four millimeters in diameter. (Figs. 3, 4, 5 and 6). The total
mumber of colonies on a plate varied considerably depending upon the
degree of udder infection., In my experiments, the number varied
from 10-1600 colonies per e¢e¢ of whole milk. Such colonies were
fished and transferred to other Bacto-tryptose plates to obtain
pure growth for further study. The culture was later studied from
the standpoint of morphology, biochemical and agglutination reac=
tions.

Choice of Media:
The following media were used for milk culture:
i, Bacto~tryptose medium
1i. Liver infusion medium

141, Glucose inorganic salt medium.
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Fig. 4. Colonies of B, meli-
tensis isolated di-

Fig. 3. Colonies of B, abortus isola~- rectly from milk
ted directly from milk

Fig. 6. A subculture of
B, melitensis

Fig. 5. A subculture of B, abortus
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Fig. 3. Colonies of B, abortus isola~ rectly from milk
ted directly from milk

Fig. 6. A subculture of
B, melitensis

Fig. 5. A subculture of B, abortus
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The Bacto-tryptose agar medium proved to be the best. Its
superiority lies in the fact that a quicker and richer initial
growth was obtained and colonies were easily 1dentified.

The addition of accessory growth factors such as thiamin,
nicotinic acid amide, calcium pantothenate and biotin to Bacto=-
tryptose and liver infusion agar media showed no improvement in
colony growth, neither in size nor in number, This may be attri-
buted to the fact that these accessory growth factors were
naturally found in the media in the required concentration for
growth, thus the added amount was not utilized to a large extent.
Preparation of the Different Media:

Bacto-Tryptose Broth: Developed by the Difco Laboratories was

prepared as follows:

Bacto-Tryptos€.csccccsees 20 grams
DextrosellilI..I........l 1 grm
SOdiu.m chlorid.........l. 5 grﬂms

Distilled waterssesec.... 1000 cecs
The mixture was heated for ten minutes to dissolve the ingredients.
The pH was adjusted to 7.1. The mixture was then filtered through
coarse filter paper and sterilized in the autoclave at 15 pounds
pressure for 20 minutes. The final pH was dropped to 6.6 or 6.8.

Bacto-Tryptose Agar: Developed by the Difco Laboratories was
prepared as follows:
Bacto=tryptose.iceesscscee 20 grams
Dextrose.scesscscssssssse 1l gram
Sodium chloride..eeessses 5 grams

Aguonoooolooooo-oooanooo 20 grams
Distilled watereesvessses 1000 ececs



s 380

Before addition of the agar, the mixture was heated to dissolve
the ingredients, The pH was adjusted to 7.1. It was then fil-
tered through coarse filter paper. The agar was then added and
the mixture sterilized in the autoclave at 15 pounds pressure for
20 minutes, The final pH was dropped to 6.6 or 6,8,
When the infective material was to be cultured for the
presence of Brucella, a prepared 0.1 per cent agueous solution
of erystal violet was added to Bacto-tryptose agar, or broth in
a sufficient amount to give the original dye a final dilution of
1:700,000,
Liver Infusion Agar: Deseribed by Stafseth (164) was prepared as
follows:
Bacto-1liver ("Difco" Standardized ... 75 grams
peptone (Bacto)esessesvsosssessccnnss 5 grams
Sodium chtoride..cecsesssscsscsssssnce 5 grams
AZAT ceessovsssscnsnossssssssssnscsnne 20 grams
Distilled Wwatereeseessesscssssscssecse 1000 ces
The Bacto-liver was added to 1000 ces of distilled water, and
infused at 50° C. for one hour. It was then heated to 80° C. and
filtered., Peptone, sodium chloride and agar were added and the
pH was adjusted to 7.2. The contents were decanted and placed
in sterile flasks or tubes and sterilized in the autoclave at 15
pounds pressure for 30 minutes.
Liver Infusion Broth; Described by Stafseth (164) was prepared
in the same manner, but with the omission of agar.
When infective material was to be cultured for the presence

of Brucella, a prepared 0.1 per cent aqueous solution of gentian
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violet was added to the infusion agar or broth in a sufficient
amount to give the original dye a final dilution of 1:200,000.
r the Differentiation of the speclies of the genus Dru
the following dyes were used:
Thionin and basic fuchsin., These are certified dyes,
made by the national Aniline and Chemical Company.
The dyes were prepared in a one percent stock solution

in sterile distilled water. As these dyes are not soluble in
water in this concentration, they were kept in well stoppered
bottles for two days to ensure a complete solution, and to pre-
vent evaporation, O.l1 per cent of the aqueous solution of thionin
and basic fuchsin were added to the liver infusion and Bacto-
tryptose agar in a sufficient amount to give the original dyes
a final dilution of 1:30,000, 1:50,000 and 1:25,000 respectively.
The dye suspensions were heated in flowing steam for 20 minutes,
shaken well and, while still hot, were added to the melted medium
pefore it had time to cool. This procedure resulted in a more
uniform mixture of the dye suspension and a more uniform dis=-
tribution of the dyes in the medium, The medium and dyes were
thoroughly mixed and immediately poured into Petri plates. The
plates were placed in a 37° ¢, incubator until the water of con-
densation disappeared.
Glucose inorganic salt medium: Described by McCullough and Dick
was prepared as follows (122):

Ammonium sulphate@seececscecses 0.5 gram

Sodium chloride..cceccssscccce 7.5 gram

Dipotassium phosphate..cseeses 1l gram
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Magnesium sulphate@.iseececocs 0.1 gram

Sodium thiosulphate......ovss 0,1 gram

GlUCOSCoeessssnssssssssonsnsss 1l gram

Thiamin chloride...sessovssess 200 grams

Nicotinic acldeseecccseesssss 200 -~ grams

Calecium panthothenate.....s.. 40 , grams

BiotiNeesssesessssscscscnnsne 1 »gram

Distilled watelecessssssssess 1000 ces
pH was ad justed to 6.8 « 7.2, The various ingredients were dis-
golved in distilled water and sterilized by filtration through
Seitz filter or sterilized in the autoeclave at 15 pounds pres-
sure for 15 minutes.

uti e
Preparation of the whey:
The middle layer remaining after removal of the cream,

was carefully transferred to 20 ccs sterile vials., The temperature
of the milk was then raised to 37° C. in a water bath and ten drops
of rennin solution were added to each vial followed by thorough
mixing. The viale were then incubated at 37° ¢. for two to three
hours in a slanting position (Fig. 7). Rennin coagulzted the
casein into a curd, which settled to one side and the clear whey
was easily separated. Should any fat globules be still present,
care was taken to remove them before the performance of the test
for their interference in the agglutination. To do that, the whey
was centrifuged at 3,000 r.p.m. for 15 minutes and left in the ice=-
box from 6 to 8 hours. The fat globules rise to the top. With
a sterile Pasteur pipette about 0,5 ec from the middle portion
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of the whey was removed without agitating the fat layer and the
sediment., All precautions were taken to avoid the presence of
even a small amount of fat or casein particle in the whey for

those are bound to interfere with the agglutination reactions.

Fig. 7. Whey prepared for the agglutination tests

Preparation of the Antigen:

Smooth strains of B, abortus, B, melitensis and B, suis
were used in the preparation of the antigen used.

Bacto-tryptose slants with 48 hours growth were washed each
with 3 ces of sterile physiological saline solution, To verify the
absence of any contaminants smears were made from the saline sus-
pensions and stained with Gram's method. Roux bottles containing
80 eecs of Bacto-tryptose agar were inoculated with pure cultures,

using 2 ces of bacterlal saline suspension for each. The volume
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of the suspension in each case was enough to cover the entire

surface of the agar. The bottles were incubated for 48 hours at

37° C. and the growth washed of f with 5 ees sterile physiological
saline. Smears stained with Gram's method were made from all
washings to rule out the possibility of contamination. The
suspensions were then transferred to sterile flasks using 10 ces
sterile pipettes and were heated at 56° C. for one hour, Phenol
was then added to the heated suspensions to a concentration of

0.5 per cent, The flasks were then kept at room temperature in

the dark and cultured daily to check sterility. Once sterile,

they were stored as stock antigen at about 20° c. For test
purposes, the stock antigen was filtered through several layers
of sterile cotton to remove large clumps of bacteria and particles
of culture medium, It was then diluted with sufficient 0.5 per
cent phenolized physiological saline until the turbidity cor-
responded to 1% billion organisms per cc. Fresh stock antigen
batches were prepared every three weeks, for aged antigens falled
to give positive results in a known positive serum,

Agglutination Tests:

The agglutination tests were carried out as in Widal test:

i. Eight small test tubes were arranged in a rack.

14. 0.8 ee of physiological saline solution was placed in the
first tube and 0,5 c¢ in each of the remaining ones.

144, 0.2 cec of the clear whey was placed in the first tube.
After the contents of this tube were mixed, 0.5 ce was
transferred to the second tube and so on until the sixth
tube was reached from which 0.5 cc was discarded. Thus a
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serial dilution of 1:10 to 1:320 was obtained in the first
six tubes.

iv. Tube No. 7 was the antigen control, econtaining 0.5 ec saline
and 0,5 ec antigen.

V. A whey control tube No. 8 was made to contain 0.1 cc of whey
and 0,9 ce of saline.

The tubes were incubated at 37°C. overnight and then allowed
to cool off at room temperature for one to two houre, after which
the first reading was made. Tubes were left at room temperature
until the next day when the second and final reading was recorded.

A complete agglutination in any tube was characterized by
a clear supernatant fluid and with agglutinated bacteria settling
at the bottom of the tube.

Those test coming between complete and no clearing, were

considered as partial agglutination.

Agglutination tests were performed on human and goat sera,
following the same procedure as the one used for the Widal Test.

Human sera were obtained from all blood specimens coming
into the Hospital Laboratories for routine work.

Goat sera were obtained weekly from Beirut slaughter house,

during the period of December 1947 to April 1948,
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Table I (A) presents the results of culture and whey agglu-
tination tests on specimens of cow's milk from the Beirut area with
their respective dates of collection, together with the percentages
of positive cultures and agglutination tests. As an example of
interpretation, on November 14, 1947, 28 cow's milk specimens were
obtained from this area., O0f these, two were found to produce
positive B, melitensis cultures, Six of the 28 gave positive whey
agglutination tests, three at an agglutinative titer of 1:10 and
one each at titers of 1:20, 1:40 and 1:80 respectively, The remain=-
ing 22 specimens were negative. Interpretation of the other
collection data in Table I (A) can be made along similar lines,

Table I (B) summarizes the results of similar experiments
dealing with specimens of goat's milk collected from the Beirut
area, Interpretation of this Table is identical with Table I (A).

Table I (C) deals with the experimental results of the
agglutination tests performed on goat blood sera collected from
goats in the Beirut area, giving the respective date of collection,
The serum agglutination titers between O and 1:1280 with their
respective percentages of the total are also given., As an example
of interpretation, on November 22, 1947, 30 specimens were obtained
from this area., Of these 13 were negative, None gave a positive
agglutination titer of 1:20; one gave a titer of 1:403 two gave a
titer of 1:80; four gave a titer of 1:160; two gave a titer of
1:320; one gave a titer of 1:640; and seven gave a titer of 1:1280,
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TABLE I (A)

Beirut Area « Cow's Milk

Date sp,;:.ngs E;{S‘ Whey ig__glntimuon Titers

examined Negative 1:10 1:20 1140 1180

No, No, No. No, No, No,
6/11/47 24 0 22 2 0 0 0
14/11/47 28 2 22 3 1 1 1
20/11/47 24 0 17 3 4 0 ]
11/12/47 25 0 18 1 2 2 2
19/12/47 29 0 27 1 0 1 0
28/12/47 23 0 21 0 2 0 0
3/1/48 25 0 18 1 2 2 2
10/1/48 28 0 22 3 1 1 1
15/1/48 53 0 44 4 4 1 0
23/1/48 47 0 43 2 2 0 0
TOTAL 306 2 254 20 18 8 6

PERCENTAGE 0.65 83,00 6.54 5.88 2,61 1,96
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TABLE I (B)

Beirut Area - Goat's Milk

Date No. of ”;ﬁ:“ Whey Agglutination Titers

== i el e~ o B ™
28/8/47 46 ] 34 0 6 4 2
4/9/47 46 0 40 0 4 2 0
29/9/47 25 0 21 2 2 0 0
16/9/47 25 0 21 2 2 0 0
2/10/47 25 0 21 2 0 2 0
20/10/47 30 0 26 2 0 1 1
2/11/47 28 0 26 1 0 1 0
13/11/47 25 0 20 2 3 0 0
20/11/47 25 0 23 0 2 0 0
2/12/47 30 1 24 4 2 0 0
15/12/47 30 0 24 2 2 1 1
21/12/47 25 0 20 0 2 2 1
8/1/48 28 1 23 2 2 0 1
21/1/48 25 0 21 0 2 1 1
3/2/48 30 0 26 1 1 2 0
18/2/48 32 0 29 2 3 0 0
26/2/48 25 0 22 1 1 1 0
12/3/48 30 0 30 0 0 0 0
TOTAL 530 2 451 23 32 17 7
PERCENTAGE 0.38 85.09 434 6.04 3.21 1.32
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TABLE I (C)

Beirut Area = Goat's Sera

Date No. of Serum Agglutination Titers
D ined Negative| 1120 1040 | 1180 | 11160 | 11320| 11640 | 111280
No. No. No, No. No., No. No, No.
22/11/47 | 30 13 0 1 2 A 2 1 7
2/12/47 30 17 4 2 2 4 1 0 0
10/12/47 | 30 2 0 0 2 14 6 0 0
20/12/47 | 30 00 0 9 17 0 4 0 0
29/12/47 | 30 1 5 0 0 12 2 10 0
8/1/48 25 0 0 0 12 0 10 3 0
15/1/48 | 30 2 0 0 0 0 6 19 3
22/1/48 30 0 0 0 3 0 2 17 8
30/1/48 30 0 0 0 1 4 25 0 0
10/2/48 30 9 2 4 1 1 4 2 7
19/2/48 50 17 0 0 2 2 18 7 4
29/2/48 50 9 2 1 15 11 0 2 10
8/3/48 50 14 0 0 0 8 20 2 6
18/3/48 50 15 8 0 0 7 9 1 0
25/3/48 50 17 0 0 9 5 5 12 2
4/4/48 50 23 0 g 5 B 2 4 0
11/4/48 50 20 1 0 0 15 0 11 3
20/4/48 50 1 0 7 2 10 6 14 0
TOTAL 695 176 22 32 73 105 | 122 115 50
PERCENTAGE 25.32 317 | 4.60 | 10,50 | 15.11 | 17.55 | 16.55 7.19
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The experimental results of agglutination tests on
specimens of human blood sera collected in the Beirut area are
shown in Table I (D)., Interpretation is similar to data presented
in Table I (C).

In Tables II, III, and IV are listed the specimens of
goat's milk collected from the Tripoli, Laklouk and Damascus areas
respectively, In Table V are listed the specimens of cow's milk
collected from Mashghara area., Tables II, III, IV and V are
arranged in a similar manner as Table I (A), and the interpreta-
tion is the same,

The schematic form presented in Table VI gives a summary
of the data presented previously in Tables I (4), I (B), II, III,
IV and V which concern all the milk specimen cultural studies, In
other words, it summarizes in outline form the cultural studies
showing the total specimens of milk obtained from different locall-
ties of Lebanon and Syria and the respective percentages of the
positive findings. As an example of interpretation, a total of
1539 milk specimens were collected of which 14 Brucella strains
were obtained, a percentage of 0,91.

Table VII differs from Table VIII in that it deals with the
whey agglutination tests of all milk specimens obtained. In other
respects, the two Tables are the same in their arrangement and
interpretation.

Graph I is based on Tables I (A), I (B), I (C) and I (D)
and deals with the agglutination titers of cow's milk, goat's milk,
goat's sera and human sera in Beirut area. Titers of 1:10 and

above are plotted against their percentage of positives,



Beirut Area « Human Sers

TABLE I (D)
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Date No. of Serum Agglutination Titers

e - e A el vl
| 11/20/47 24 22 1 0 0 1 0 0
13/10/47 27 24 1 1 1 0 0 0
18/10/47 30 27 0 3 0 0 0 0
19/10/47 25 25 0 0 0 0 0 0
21/10/47 28 27 0 1 0 0 0 0
31/10/47 25 23 0 2 0 0 0 0
1/11/47 25 24 1 0 0 0 0 0
3/11/47 25 25 0 0 0 0 0 0
5/11/47 25 22 2 1 0 0 0 )
10/11/47 25 25 0 0 0 0 0 0
23/11/47 25 19. 2 3 1 0 0 0
24/11/47 30 23 0 5 2 0 0 ]
27/11/47 30 28 0 0 1 0 0 1
28/11/47 25 22 0 0 0 2 1 0
1/12/47 27 20 1 4 2 0 0 0
412/47 30 25 0 0 2 0 0 3
7/12/47 30 20 4 0 0 5 1 0
9/12/47 25 15 5 0 4 0 1 0
11/12/47 25 19 2 3 0 0 0 1
18/12/47 | 25 19 0 2 0 3 1 0
7/1/48 25 20 0 5 0 0 0 0
11/1/48 30 25 2 2 0 1 0 0
20/1/48 25 16 0 6 2 0 0 1
28/1/48 30 26 0 2 0 0 0 2
TOTAL 641 541 21 40 15 12 4 8
PERCENTAGE 84.39 3.28 6.24 2.34 1.87 0.62 1.25




TABLE II
Tripoli Area - Goat's Milk

Baka I R Vhey Agglutination Titers
specimens | Culture, rl
egative| 1:10 1:20 1:40 1180
et Neo, l No, No, No. No, No,
20/10/47 24 0 21 2 0 0 1
15/11/47 | 28 1 26 1 0 1 0
12/11/47 30 1 14 5 6 3 2
TOTAL 82 2 61 8 6 4 3
PERCENTAGE 2.44 l 7441 9.76 7.34 4,88 3.66
TABLE III
Laklouk Area « Goat's Milk
Positive
Date No. of Milk Whey Agglutination Titers
(peartone | Sudbum f o ogutive| 2410 1120 | 1140 | 1:80
No, I No. No. No. No, Ve,
17/9/47 18 0 16 0 0 1 1
19/9/47 25 1 20 3 2 0 0
2/10/47 24 1 19 3 1 1 0
15/10/47 28 0 25 0 2 1 0
22/10/47 24 0 19 3 2 0 0
30/10/47 18 8 16 0 0 1 1
12/12/47 25 0 20 3 2 0 0
5/1/48 28 o 25 0 2 1 )
TOTAL 190 2 160 12 1 5 2
PERCENTAGE 1.05 84,21 6.32 5.79 2.63 1.05
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TABLE IV

Damascus Area = Goat's Milk

Date No, of P”iu"’[ Whey Agglutination Titers
SPecimene | Ntar, |Negative| 1110 1120 | 1140 | 180
No, No., No, Fo, No, No,
5/9/47 25 1 21 1 3 0 0
12/9/47 25 0 21 3 0 0 1
19/9/47 52 2 40 4 4 4 0
26/9/47 30 0 26 3 1 0 0
4/10/47 30 0 26 3 1 0 0
11/10/47 29 1 24 2 2 1 0
18/10/47 28 0 26 2 0 0 0
25/10/47 25 0 18 3 1 2 1
8/11/47 25 0 18 2 2 1 2
|
TOTAL 269 4 220 23 14 8 4
PERCENTAGE 1.48 Ln.n 8.55 5.20 2.97 1.48
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TABLE V

Meshghara Area = Cow's Milk

Date Ne. of ro-:mvﬁ Whey Agglutination Titers

specimens | Milk |y opive | 1110 | 1120 1140 | 1180

examined °“§';“"'- No. No. No. No. No.
16/12/47 26 0 23 1 0 1 1
31/12/47 25 1 19 2 2 2 0
15/1/48 30 1 21 3 4 1 1
28/1/48 51 0 42 3 2 3 1
24/2/48 30 0 21 3 4 1 1
TOTAL 162 2 126 12 12 8 4
PERCENTAGE 1.23 T7.77 7.4l T.41 4e9% 2.46
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TABLE VI
Cows Goats
468% .?omaﬂl 1071 Sw.a.o!
ﬂ
1539 (14=0.91%)
Total Milk Samples Examined in Lebanon and Syria
1539 (14=0,91%)
| : |
Lebanon Syria (Damascus)
1270 CJ,..JE 269 :..w.!
| _ . _ o
Cows Goats Goats Cows
468 (4=0.85%) 802 (6=0.748) 269 (4L.5%) 0
[ |
..&_Za I-.._a_ﬁu u&r... Tripoli Laklouk

306(2=0,65%) 162(2=1.256) 530(2=0,.38%)  82(2=2,58) 190 (2=1.05%)

allw Fumber of specimens obtained
( Number of positives obtained and their respective percentages

Strains isolated from goat's milk were all B, mglitensis, while those
isolated from cow's milk were all . gbortus.



TABLE VII

« Cows - Goats
468 i&w.ﬂ 107 Qﬂ.ﬁ?a_ﬁ
f _

1539 (266=17,3%)
Total Milk Specimens examined in Lebanon and Syria
1539 (266=17.3%)

I LF _
Lebanon Syria (Damascus)
1270 (217=17.1%) 269 (49=18,2%)
| |
[ _ [ _
GCows Goats Cowse Goats
468 ;_?ua.ﬁ . 802 :»f_ 16.1%) 0 269 (49=18.2%)
[ _ : | _ |
Beirut Beirut Tripoli Laklouk
306 (52=17%) 162 ( 2%) 530(79=158)  82(21=25.68) 190(30=15.8%)

u Number of specimens obtained
( Number of positive agglutimations (showing a titer of 1:10 = 1:80),
and their respective percentages,
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Graph 3. Agglutinin titers of Cow Milk in Beirut and

Mashghara areas.



TABLEVII

Cultural, Biochamical And Serological Studies of The Tem Brugells Melitensis Strains Isolated From Milk

Nitratee
Loeality Date Source |No, of Ko, of co-| Colony charscteristies on Growth im Bacto-Tryptose Growth in gelatin Growth in | Morphologieal ( .. ..o Indol ¢ 0 Sugar Fermentation Tests gom in Dyes Serum Agglutination Titers 81ide Aggluti-
specimens | lonies per| Bacto-Tryptose orystal broth =i Lk sharacteris- | o duction | Production | formation | pequirement nation Tests | Motili
" ties Thionin | Thionin | Brucells | Brucells | Brucells )
exanined | ce.of milk| violet tents Glucose Suerose Lactose Mannite 125, 1150,000| 1130,000| abort 1itensi : .
1. Demssens % Small, eireular tened, | Initial slight turbidity | No liquefastiom, After 15 | Slight Gram(-) eocco- slightly No CO2 onm slight elump~
e o # o lﬂﬂi’a-, light 3.::.'1..1:1 vith surface growth, Later | days of incubation dark, |alkalinity | baeillary Positive Negative | positive on prs:}, acidity on no change no change | no change | ++¢ *ee o, 80 640 40 I::‘ ﬁz posi- I::.lo
eolor, 3ei mms, in diameter | #tringy temacious sediment | brownish,gramular colomies | om 4th day encapsulated Ird day isolation 7th day tive hemologous
II. Damsscus | 19/9/47 & Goat 52 50 | Small, eircular, comvex, Gram(-) eoscos
mrpﬂn;,um'uu-uuu ditto ditto ditte bacillus, non< Positive Negative | Negative No COp on pri{ mo change no change no change | no change | +++ +ae . 40 640 20 ditto ditto
color, 1-2 mms, in dismeter capsulated mary isolati
II1. Dammseus | 19/9/47 | Goat 52 160 Small, eireulsr, con Gram(-) eocco- slightly ¥o CO, on
mrﬂ'nm-,n;ht'uno:roln ditte ditto ditto bacillus Positive Negative | positive on o2 no change no change no change | no chamge | +++ ree * 40 640 40 ditto ditto
eolor, 2-3 mms, in diameter sncapsulated 4th day isolation
IV, Damascus | 11/10/47 Goat 29 500 Small, eircular, convex, Gram(=) eocco- No GO, on | mo change
' lurpl.lm.,um'uwﬁoln ditto ditte ditto bacillus, non< Positive Negative Negative yri;.gy no change no change | no change | +++ +ee B 80 640 40 ditto ditto
color, le2 mms, in diameter capsulated isolation
V. Laklouk 19/9/47 | Goat 25 700 Small, ecircular, conmvex Gram(=) eocco= No GOz on slight slight slight
amorphous, 11ght blue-viclet ditto ditto ditto | bacillus veg | TOBHT | Negative Negative | primary acidity on | no change | mcidity on | meidity om| +++ +ee + 80 320 40 ditto ditto
color, 1+2 mms, in diameter encapsula isolation | 7th day 7th day 7th day
VI. laklouk | 2/10/47 | Goat 24 1300 Smll, eircular, comvex Grem(+) cocco- ¥o €O, om
Inrp‘ou,nght.blu-u;ht ditto ditte ditto becillus sdi Negative Negative Negative prhgzry no change no change no chenge | no change | +++ see * 80 640 20 ditto ditto
color, 23 mms, in diameter encepsula isolation
VII. Tripold | 15/11/47| Geat | 28 60 Small, cireulsr, comvex Gram(-) cocco- Negative Negative | No COp om | slight no change no change | no ehange
ecolor, 23 mms, in diameter encapsula isolation | 6th day
VIII. fTripeld | 12/12/47 | Goat 30 90 | Small, eircular, comvex, Gran(-) eoeeo- slight slight
amorphous,1ight blue-violet ditto ditto ditte :‘ul‘:.:'" Negative | yogative Negative | Wo Ooiu pri-(seidity on | mo change acidity on| no change | +++ s + 20 320 20 ditto ditte
eolor, 1-2 mms, in diameter psula mary isocla- | 7th day Tth day
IX. Beirut 2/12/47 | Geat 30 100 Small, eircular, eonvex, Gran(-) cocoo= slightly | No GO, om
amorphous,light blue-violet ditte ditto ditte bacillus non- | Negative Negative positive on ima T, 20 o 20 o k * el Py e . 40 640 40 ditto ditte
eclor, le3 mms, in diameter capsulated Ath day isolation ”
X. Beirut 8/1/48 | Goat 28 7 Small, eirculsr, comvex, Gran(-) ecooo- No CO2 on
amorphous,light blue=violet ditto ditto ditto bacillus Positive Negative Negative 64 e " 20 ditto ditte
color, 2e3 mms, in diameter encapsulated - o Iﬂ-ﬂ. e no change no change no change | no change 40 640
N +++ = gbundant
- = alieht erowth

! i

- =




TABLE IX

Cultural, Biochemical & Serological Studies Of The 4 Brucells Abortus Strains Isolated From Milk

Localit Date | Source | No, of No. of (Colomy charac- | Growth in Growth Growth | Merpho=- Nitrate- Indol Ho8 CO, Adaptation Sugar Fermentation Tests Growth in Dyes Serum Agglutination | S814de | Motilis
d specimens | colonies| teristics on Bacto=Tryptose in in logieal  |nitrite pro- forma=- requirement | to aerobie Aggluti- ty
examined | per c¢.c./Bacto=Tryptose | broth gelatin milk charscter-  reduction | duection tion conditions Fuchsin|Thionin|Thionin|B,.ae «.meliqd B, |nation
of milk |erystal violet isties tests Glucose | Sucrose | Lactose [Mannite 112500011 50000 1130000| bortus| tensis | suis | Tests
Circuler, Initial slight No lique-| Slight Gram (=) Moderate |25 on after 20 slight |slight |slight primary positive|
flattened, turbidity with faction alkalinity| eocco- amount isolation, No | subcultares scidity |acidity (acidity oy |is0la- - elumping
I. Beirut 14/11/47 | Cow 28 200 |amorphous, surface growth, after 5 baeillus, negative negative | for two |growth a after |after |after [negativd +++ |tion++s| 1280 | 20 80 |with non-
blue=violet in | Later stringy days of rods more days with 15§ ear 12th 12th day|12th Later = poniunw motile
color, 2«4 mms, | tenacious incubation| than eoeei, dioxide on day day sers
in diameter sediment Emapsulated subeultures
Cireular, Moderate |25 on after 15
amorphous, amount isolation, subcul tures
II, Beirut 14/11/47 | Cow 28 1200 [flattened, ditto ditto ditto ditte negative | negative | for three |Growth in 108 hega= | nega- | nega- | nega- | +++ | ditto - 1280 | 40 [320 | ditto |mome
blue~violet inm days earbon dioxide tive tive tive | tive motile
color, 3-4 mms, on subeul tures
in diameter
Cireular,
amorphous,

II1. Mashghara | 31/12/47 | Cow 25 170 flattened, ditte ditto ditte ditte negative negative | Moderate ditte after 21 negae negse nega- | negae e ditto - 1280 40 160 ditto |mone
blue-violet in amount for subcultures | tive tive tive tive motile
color, 3e4 mms, four days
in diameter
Circular,
amorphous, Moderate

IV. Mashghare | 15/1/48 Cow 30 140 flattened, ditte ditte ditte ditte negative negative |amount for ditte after 18 nege- negae nega= | nega~ +e4 ditto - 1280 80 320 ditto |[non-
blue=viclet in four days subcultures | tive tive tive tive motile
°°1°r’ 3.‘ mms,
in diameter

- ™  no growth

+44 m

abundant growth




DISCUSSION

TABLE VI - CULTURE STUDIES:
As previously mentioned, Tables I (A), I (B), II, III, IV,

and V consist of the raw data upon which are based Tables VI, VII,
and Graphs 1, 2, and 3. All discussion of results will, therefore,
be confined to the summary tables and graphs.

By an examination of Table VI, it was found that in a survey
of Brucella in milk in selected parts of Lebanon and Syria, 14
strains were isolated from examinations of a total of 1539 speci-
mens, Ten of these were B, melitensis and four were B, gbortus.

The ten B, melitensis strains were found in 1071 goat's
milk specimens examined, which represents a ratio of 1:107, or 0.93
per cent, The four B, abortus strains were found from examination
of 468 cow's milk specimens giving a ratio of 1:117 or 0.85 per
cent indicating a roﬁghly equal degree of infection with caprine
and bovine strains,

There were 530 goat's milk and 306 cow's milk specimens
collected from the Beirut area. From these four strains were iso-
lated; two were found to be B. melitensis and two B. abortus or
0.38 per cent for B. melitensis and 0.65 per cent for B. abortus.
This shows a higher ratio of active infection in cows than in
goats, a ratio of 1.71:1.

A total of 190 goat's milk specimens were obtained from
Laklouk, of which two were identified as B. melitensis giving an in-
fection rate of 1.05 per cent or a ratio of 1:95.

In Tripoli, two B. melitensis strains were isolated from 82
goat's milk specimens, resulting in 2.5 per cent infection or a
ratio of 1:41.



- 62 =

The Mashghara specimens, 162 in number, were all cow's milk
and two B. gbortug strains or 1.25 per cent were isolated from them,
giving a ratio of 1:81,

The specimens obtained from Syria were all from Damascus.
There were 269 goat's milk specimens, in which four B. melitensis

strains were found, an infection rate of 1.5 per cent.

TABLE VII - WHEY AGGLUTINATION TEST:
A review of this Table reveals the following:

out of 1539 specimens of goat's and cow's milk obtained from
selected parts of Lebanon and Syria, 266 specimens gave a positive
agglutination titeﬁ')naking an incidence of 17.3 per cent,

In the 468 cow's milk samples from Lebanon and Syria examined,
88 specimens showed positive agglutinins, an incidence of 18.8 per
cent, whereas 178 out of the 1071 goat's milk specimens examined were
positive giving a percentage of 16,62, The ratio of the incidence
of infection among cows as compared to that of goats is 1,13:1.

The total of cow's and goat's milk specimens obtained from
Lebanon was 1270, 217 or 17.1 per cent of the total specimens gave
a positive agglutinin titer. The percentage with cow's milk being
18,8 while that with goat's milk 16,1,

There were 530 goat's and 306 cow's milk specimens collected
from the Beirut area. From these 79 or 15 per cent, and 52 or 17
per cent were positive respectively. The ratio of incidence of
goat's as compared to cow's infection was 1:1.13.

The Mashghara specimens, 162 in number, were all cow's milk
and 36 specimens or 22.2 per cent were positive,

(%) A titer of 1:10 to 1:80 was considered as a positive
agglutination,
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In Tripoli 21 or 25.6 per cent goat's milk specimens out of
the 82 specimens examined were positive.

A total of 190 goat's milk specimens were obtained from
Laklouk out of which 30 samples or 15.8 per cent were positive, The
specimens from Syria were all obtained from Damascus. There were

269 goat's milk specimens in which 49 or 18,2 per cent were positive,

H GLUTININ TITERS OF COW'S MI T'S MILK :
MAN SERA IN BEIR .

A study of this graph reveals that the agglutinin titers of
sera in general are higher than those obtained from milk, In
majority of the agglutination tests, when goat's serum is used the
titer has been 11320, while with that of whey 1:20, This finding
is in conformity with the concept which holds that antibodies are
formed in the blood and pass thence into the milk (60). Both
instances could be taken as an indication of a present or a past
infection,

In comparing cow's and goat's milk of Beirut area it 1s seen
that the majority of positive milk specimens from goats have a titer
of 1:20 whereas those obtained from cows have a titer of 1:10,

The percentage of negative titers in cow's milk was 83,
whereas that of goat's milk was 85. As a titer of 1:10 in milk is
believed to be an indication of infection (97), 15 percent of the
total specimens from goats could be considered as being obtained
from infected sources. Judging from the same the cow's milk ine-
fection in the same locality was 17 per cent.

The percentage of negative titers in goat's sera was 25.32,
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whereas that of human sera was 84,39, Considering a minimal titer
of 1:80 as an indication of a present or past infection (77), the
incidence of goat and human infections as judged from agglutinin
titers in serum was 76 per cent and 6 per cent respectively (c.f.
Tables I (C) and 1 (D)), Human infection is very low as compared
with that of goats, as judged from the serum and milk titers.

This figure, however, does not present a fair estimation of
true human infections, because the specimens examined were taken
from the A.U.B, Hospital patients mostly from cities, thus excluding
the villages where the percentage of infection is definitely higher
due to lack of public health and sanitation,

The maximum number of positive human sera shows a titer of
1340 which does not indicate an infection but could be due to cross
agglutination resulting from other febrile illnesses or a very old
infection,

From the above results it can be concluded that serum ag-
glutinin titer 1s a better index in detecting a present or a past
infection in animal than the agglutinin titer in the whey.

This graph shows that the goat's milk titers have a great

deal of parallelism and uniformity in all localities.

The majority of positives in most localities have a titer of
1:10. The goat milk negative agglutinin titers of Tripoll, Damascus,
Laklouk and Beirut were 74,4 per cent, 81.78 per cent, 84.2 per cent
and 85 per cent respectively. Thus, Tripoli has the greatest per-
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centage of infection (25.6 per cent), Damascus comes next (18.2
per cent), Laklouk ranks third (15.8 per cent) and the infection
is least in Beirut (15 per cent).

These percentages obtained from milk titers are far less
than the ones that would have been obtained from serum titers 1if
the latter were tested, as is evidenced in the comparison of

Beirut's goat's milk titers and serum titers of infected animals.

GLUTININ TERS OF COW'S MI N BEIRUT D SHG
AREAS:
Cow's milk titers of Beirut and Mashghara run parallel to
each other, the negative titers of which were 77,77 per cent and

83 per cent respectively., The incidence of infection in Mashghara

is 22,2 per cent wher;as that in Beirut is 17 per cent.

A study of Tables VIII and IX reveals that all strains iso-
lated from goat's milk belong to the species B. melitensis while
those from cow's milk to the species B. gbortus. There was much
variation in the heaviness of infection among different specimens
of milk obtained from goats and cows as detected by plate counts,

A heavier flora of B. melitensis was observed on Damascus goat milk
specimens and on those received from area of Laklouk as compared
with the specimens obtained from Beirut and Tripoli. Furthermore,

similar variations were observed among the milk specimens obtained



= 66 «

from cows, Beirut specimens showing a higher flora of B. abortus
as compared with those of Mashghara specimens, Such results cannot
be explained taking into consideration the laeck of uniformity of
time factor and variation in number of specimens received from one
locality and the other.

In studying strains of B. melitensis isolated from goat's
milk obtained from different localities, it was not possible to
detect any major variations in colony characteristics, The colonies
{n all instances were small, circular convex or at times slightly
flattened, amorphous light blue violet in color and varying from
one to three mms, in diameter, The colony characteristics of B.
abortus were the same as those of B. melitensig except for their
larger sizes which ranged from two to four mms. in diameter, These
findings agree closol& with the previous reports describing the
colonies of these two species (40), Furthermore, in fluid medium
slight initial turbidity with surface growth and late stringy
sediment formation with both species correspond closely with the
classical deseription given for these organisms by Huddleson (84).

On gelatin medium B. melitensis showed dark, brownish and
granular colonies after 15 days of incubation while the colonies
of B. abortus although showed a granular appearance yet did not
develop brownish pigmentation. None of the species liguefied
gelatin, All the strains of B. melitensis and B. abortus showed a
slight alkalinity in milk after four days of incubation.

Cocco-bacillary forms with B. melitensis strains were more
common than the rod forms while the opposite was true for B.abortus.
All the strains of B. melitensis and B. abortus with the exception
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of strain II (Damascus), strain VIII (Tripoli), strain IX (Beirut),
all belonging to the specles melitensis, were encapsulated upon
primary isolation. However, upon subsequent transfers on artificial
media, with the exception of strain III of B, melitensis, the
capsules were completely lost in a month time, This corresponds
with the findings of Hershey, Huddleson and Pennel (14), Reiter
(143) and Huddleson (83), where these workers report both capsulated
and non-capsulated strains of B. melitensis and B. abortus in
smooth newly isolated organisms,

Contradictory results were obtained in nitrate-nitrite
reduction tests., The test was positive in six out of ten strains of
B. melitensis and negative with all the strains of B. abortus.
Nitrate-nitrite reducing power of the pesitive strains was complete-
ly lost after a month. Similar conflicting resulte were repor ted
by Duncan and Whitby (34), Bergey (8) and Zobell and Meyer (187 VI).
The former workers describing the whole group of B. melitensis as
nitrate-nitrite non-reducers, while the latter workers as reducers.

None of the strains was able to attack tryptophane with the
formation of indol. 8light variation was observed among different
strains of B. melitensis as to their capacity in producing hydrogen
sulphide., With some straina the results were completely negative
while others showed a slight blackening on lead acetate paper after
three to four days of incubation. With all strains of B. melitensis,
Kligler's lead acetate medium showed no blackening. Furthermore, in
a month's time hydrogen sulphide producing capacity of positive
strains was completely lost. All the strains of B. abortus produced

a moderate amount of hydrogen sulphide after few days of incubation
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as tested by lead acetate paper. However, some time variation was
observed among different members of the same species in respect to
their hydrogen sulphide producing capacities. Strain I and II pro-
duced hydrogen sulphide for a duration of two days only. For
strains III and IV the time was twice as long. All the strains of
B. gbortus were gradually adapted to grow under aerobic conditions
in the absence of carbon dioxide, After such an adaptation strains
I and II lost completely their hydrogen sulphide producing power
while strains III and IV continued to produce hydrogen sulphide for
a much shorter period of time, 8Such conflicting results have been
reported by Kristensen (110), Thomsen (169) and Huddleson (81).

None of the strains of B. melitensis required carbon
dioxide on primary isolation and no growth inhibition was observed
in any of them in the presence of 25 per cent carbon dioxide. These
findings do not agree with the reports of McAlpine and Slanetz (190)
where they state that B, melitensis cultures are inhibited when
inoculated in the presence of five to ten per cent ecarbon dioxide,
All the strains of B. gbortus required 25 per cent carbon dioxide
upon primary isolation. No appreciable amount of growth was ob-
tained when the amount of this gas was reduced down to 15 per cent
in the culture medium, However, by gradual reduction of the amount
of carbon dioxide within 15 to 25 subcultures, all the members of
this species isolated from milk were adapted to grow in the complete
absence of carbon dioxide (84).

Studying the sugar fermentation reactions, it was found that
on the seventh day of growth glucose, lactose and mannite showed a

slight degree of acldity witﬂ‘n.‘!glggggggl. There was no change in
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sucrose with any of the strains of this specles. Furthermore,
within a month the fermentative capacities were completely lost.
This last point can be explained by the following two alternatives:
(1) either the organisms were not able to attack the sugars or

(2) they did so, but the small amount of acld produced was rapidly
neutralized by alkaline substances formed as a result of bacterial
metabolism (123). B. abortus strains showed some variations in
their fermentation reactions, Mannite was not fermented by any of
the strains, Only strain I showed slight acidity after 12 days of
incubation in glucose, sucrose and lactose, The rest of the strains
did not ferment any of the sugars.

A concentration of 1:25,000 fuchsin was found not to inhi-
bit any of the strains of B, melitensis., The growth of different
strains of B. galiggﬁgig and B. gbortus was also studied on thionin
medium using a concentration of 1:30,000 as suggested by Mackie and Me
Cartney (115) and 1:50,000 as suggested by Jordan and Burrows (96).
Appreciable growth was observed with B. melitensis on both of these
plates, although the growth was much more profuse on the latter.
Distinet colonies were also obtained with B. abortus when such
strains were streaked on plates containing fuchsin in dilution of
1:25,000, and thionin in dilution of 1:50,000, However, no growth
was observed when the dilution of the latter was brought down to
1:30,000, B. gbortus strains adapted to grow under aerobic condi-
tions in the absence of carbon dioxide were inhibited in the presence
of 1:50,000 thionin, According to the results obtained, it can be
safely stated that for differential purposes thionin in concentration
of 1:130,000 can be used for freshly isolated organisms, while for
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those organisms which have been subcultured for a prolonged period
of time, a concentration of 1:50,000 thionin is much more suitable,
Although cross agglutination was observed when different
strains of B, melitensis and B. gbortus were used in the presence
of an antiserum prepared against one of the species, yet the ag-
glutination titer was always higher when a certain strain was brought
in contact with its specific antiserum, Thus much higher titers
were obtained when B, melitensis was used with 1ts specific anti-
serum, than when B. gbortus was used with the same. Such differences
in agglutination titers follow closely the compositién of the anti-
genic constitution of these species as reported by Wilson and Miles
(177) stating that B. melitensis has a larger amount of "M" substance
and a smaller amount of "A", while B. abortus and B, suis contain a
larger amount of "A" and a smaller amount of "M". The ratio of "M"
to "A" being 1:20,
wWhile running alide agglutination tests similar results were
obtained., Heavy clumping of organisms was observed when a specles
was brought in contact with its specific antiserum, Light clumping
of organisms was the rule when a species was brought in contact with

an antiserum prepared against a different strain in the same group.



NCLUSI

1. A survey of goat's milk, cow's milk, goat's serum and
human serum, obtained from selected representative areas of Lebanon
and Syria was made for the presence of B, melitensis, B, abortus and
their specific agglutinins, Strains of B, melitensis and B. abortus
were isolated and their cultural characteristics investigated,

2. A total of 1539 milk specimens were examined of which
269 came from Syrian goats and 1270 came from either cows or goats
of Lebanon,

3. The average incidence of infection among animals in
Syria and Lebanon as judged from the number of positive findings of
B. melitensis and B. gbortus in goat's and cow's milk was 0,91 per
cent, This reflects-the relative incidence of active infection, The
incidence of past infection among the animals as judged by the
positive titer obtained from whey agglutination tests was 17.3 per
cent. The current incidence of infection in cows and goats were of
relatively similar magnitude, being 0.85 and 0.93 per cent res-
pectively., Past infections as indicated by whey agglutination tests
also were relatively equal for bovine and caprine strains, the
{ncidences being 18.8 and 16.6 per cent respectively. Goat sera
agglutination tests, on the other hand, indicated a much higher
incidence of past infection among the goats to the extent of 67 per
cent., Cow sera were not available for study but a survey of 641
human sera from the A.U.B, Hospitals gave an incidence of six per
cent of positive agglutination tests for B. abortus.- -

4, The average incidence of current infections for goats
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from both Lebanon and Syria was 0.93 per cent. Infections were
about twice as frequent in the Syrian goats (1.5 per cent) however,
as in the Lebanese goats (0.74 per cent). Infection in Lebanese
goats was higher in Tripoli (2.5 per cent) than at Laklouk (1.0%
per cent) and least in Beirut (0.38 per cent). The incidence of
current infections among Lebanese cows was 0.85 per cent but a
higher rate of infection was found in Mashghara area (1.25 per cent)
than in the Beirut area (0.65 per cent).

5. The average incidence of past infections for goats from
both countries was 16,6 per cent, The incidence of past infections
wae 18,2 per cent for the Syrian goats and 16,1 per cent for the
Lebanese goats. The incidence was higher in the Tripoll area (25.6
per cent) than in the Laklouk and Belrut areas (15,8 per cent) and
(15 per cent) raspoctively. The incidence of past infections among
Lebanese cows was 18,8 per cent. This figure was higher in

Mashghara (22.2 per cent) than in Beirut area (17 per ecent).

6. The cultural characteristics of the B. melitensis and
B. gabortus strains isolated from Lebanese and Syrian goats and cows,

agreed essentially with the description given for these organisms by

previous workers,



- 73 -

KNOWLEDGEMEN

I wish to express my thanks and gratitude to Dr. Dikran
Berberian, former Professor of Bacteriology in the American Uni-
versity of Beirut, for suggesting the hroblem, to Dr., Alan C.
Pipkin, Acting-Chairman of the Bacteriology and Parasitology
Department in the A.U.B., and Dr, Emile Rizk, Associate Professor
of Bacteriology in the A,U.B., for their helpful advice and
guidance throughout my work, to Mr, Garabed Carabedian, Instructor
in Parasitology in the A.U.B.,, for his valuable suggestions and
remarks, and to Mr, Manuel Hadidian for his technical advice and
help throughout the experimental work.

I owe another word of thanks to the Municipality of Beirut,
without whose help the collection of specimens would have been very

difficult, if not impossible.



1.

2.

3.

4.

5o

6.

7

8.

9.

10,

11.

12,

13.

14,

. 74 -
BIBLIOGRAPHY

Ananiades, B, and Papanarghyrou. Rarity of Bang's bacilli in
butter and milk sold in Salonika. Compt. rend. Soc. de
biol., 123: 776=777, 1936.

Angle, F.E., Algie, W.H., Baumgartner, L. and Lunsford, W.F.:
Skin teaiing for brucellosis in school children. Ann.
Int, Med., 12: 495=502, 1938,

Angle, F,E., and Algle, W.H.: Chroniec brucellosis: An
analytical study of the positive reactors among school
children, Ann, Int, Med,, 12: 1189-1193, 1939.

Angle, F.E., Algie, W,H. and Morgan D.: Brucellosisl
Studies emphasizing strain varia%ion in serologic testing,
opsonocytophagic and aglutinatlon tests, J. Lab. & Clin.
H.d.’ 27' 1259-1263, 1%2.

Banatt, M.M.: Isolation of Brucella organisms from raw milk,
J. Comp. Path, & Therap., 48: 43-50, 1935,

Bang, B.t The etiology of contagious abortion, Ztschr, F.
T{ermedizen, 1: 241, 1897,

Beng;:g, H., M.t Chronic brucellosis, J.A.M.A., 130: 320-325,

Bergey, D.H.: Manual of determinative Bacteriology, 5th ed.
Baltimore: Williams and Wilkins, 1939.

Borts, I.H., Harris, D.M,., Joynt’ M.Fo,y Jennings, J.R. and
Jordan, é.F.: Hiik borne epidemic caused by porcine type
;§4Brucolla in raw milk supply. J.A.M.A., 1213 319-322,

3.

Borts, I.H., McNutt, S.H. and Jordan, C.F.: gguge;;?
ngilgggzlg 1aola%ed from swine tigsues in Iowa. J.A.M.A.,
1303

b} 1%6‘

Bradley, R., Woll, M., Acton, F. and Hunter, C.A.: The
Teolltion of Brucella from milk. J. Bact., 421 286, 1941.

Braun, W.: Dissoclation in ggggg;;._.pgzggg; demonstration
of role of inherent and environmental factors in varia-
tion, J. Bact., 511 327-349, 1946.

Bruce, D.: Notes on the discovery of a microorganism in Malta
fever. Practitioner, 39: 161, 1887.

Bruce, D.: A new form of fever found on the borders of the
Mediterranean, Ann, Inst. Pasteur, 7: 289, 1893.



15,
1§;
17.
18,

19.

20,

21,
22,

23.
24,
25.
26,
27 «

28,

29.

Burnet, E.: Recherches sur la fievre Mediterranienne:
I1II Diagnostic de la flevre Mediterranienne par intradermo-
resction. Areh., Inst, Pasteur de Tunis, 2: 187-201, 1922.

Burnet, E.: Sur un nouveau procede de diagnostic de la filevre
?;ﬂzterranienne. Compt. rend. Acad.d.sec., 1743 421-423,
22.

Calder, R.M,: Brucella, steur ulare and Proteus
aggiutinins in chronic brucellosis. J. Bact., 41: 593~
604, 1941,

Carpenter, C.M.: A comparison of strains of Brucella abortus
isolated from man with those from cattle., J. Infect, Dis.,
39: 215-219, 1926,

Carpenter, C.M,: Undulant fever in animals, M, Clin, North
Merica, 27' 698-721’ 1943.

Carpenter, C.M, and Baker, D.W.3 A study of Brucella abortus
1nfection in milk from fifty herds supplying the city of
Ithaca, Wew York, Cornell Vet., 17: 236-247, 1927,

Carpenter, C.M, and Boak, R.A.t: ruce bortug in milk and
.dairy products., Am, J. Pub, Health, : 743=751, 1928,

Carpenter, C.M; and Boak, R.A.t The Laboratory diagnosis of
Undulant fever. J. Lab. & Clin, Med., 15: 437-443, 1930,

Carpenter, C.M., Boak, R,A, and Chapman, 0.D.t The signifi-
cance of gggce%lg abortug agglutinins in human serum.
J. Imnc’l., 1 : - o 1929.

Castaneda, M.R., Mansera, R.T. and Velez, R.t Brucellosis in
Mexico: comparative study of various &1agnostic tests and
classification of isolated bacteria. J. Infect, Dis.,

70: 97-102, 1942,

Cci111i, V.:nggfggéﬁsgg%%*gggig in cheese in Eritrea. Bull.
Hys., 1 H o ’ 3.

Cruickshank, J.C, and Stevenson, G.A.: Small outbreak of
Ugiulant fever in girls' school, Brit. M. J., 1t 522=523,
1942,

Cummings, G.D.: Evaluation of Huddleson's dye bacteriostasis
and H28 method for identification of Brucells. Am. J. Pub.
He‘lth, 261 822 ’ 1936 .

Dooley, P.: An epidemic of subelinical infection with Brucella.
Arech, Int, Mﬁdo, 503 373-379’ 19320

Dopter, P.: Determination of foel of melitococeie infection
by sero—agg}utlnntion in milk, Compt. rend, Soc. de biol.,
120: 882-834, 1935.



30. Dubois, C. and Sollier, N.: I, Sur l'emplol de 1'intradermo-
reaction a la melitine chez les sujets atteints de flevre
ondulante et chez les sujets sains vivants en milieu
contamine de melitococcie animale. Compt. rend. Soc. de
biol., 105: 191-193, 1930.

" 31. Dubois, C. and Sollier, N.: II, Valeur de 1l'intradermo-
reaction a la melitine comme procede de diagnostic de la
fievre ondulante et de recherche des etats d'allergie et

d'immunite a l'egard du Brucella melitensis. Ann. Inst.
Pasteur, 47: 311-331, 193l.

32. Dubois, C. and Sollier, N.: Diagnostic de la flevre ondulante.
: Simplification de la technigue de l'intradermoreaction de
Burnet. Compt. rend. Soc. de biol., 109: 359-361, 1932.

33. Duke, F.W.: Brucella melitensis in cow's milk, Lancet, 2:
517, ‘1940,

34, Duncan and Whitby: A system of Bacteriology. London, His
Majesty's 8tationery Office, 5: 395, 1930.

35. Eisele, C.W., McCullough, N.B., Beal, G.A. and Burrows, W.:
Development of Brucolia agglutinins in humans following
.vaceination for cholera., Proc, Soc, Exper, Biol, & Med.,
61' 89-91 ’ 1-946 e

36. Eisele, C.W., McCullough, N.B., Beal, G.A. and Rottschaefer,
W.t Brucoila agglutination écsts and vaccination against
cholera., J.A.M.A., 135: 983-984, 1947,

37. Elkington, G.W., Wilson, G.S8., Taylor, J. and Fultonm, F.:

Mild epidemic in boys' school due to drinking raw milk.
Brit. M. J., 1: ‘77-478, 1940.

38, Evans, A.C.: %{ﬁggl;g_gpgzggg in cows milk, J. Infect, Dis.,
233 354, & °

39, Evans, A.C.: Further studies on Bacterium abortus and related

bacteria. II. A comparison of Bacterium 1bg§tug with
Bacterium bronchisepticus and with the organism which causes
Malta fever. J. Infect. Dis., 22: 580-591, 1918.

40, Evans, A.C.: Morphological, cultural and serological rela-
tionship existing botween.nggg!%%s:§%§;5§gié§ and Brucella
m. Je Infect. Di’o’ 23 9 .

41. Evans, A.C.: The serological classification of B;ugo%ig
ggi%&ggg;g from human, bovine, caprine, porcine,
equine sources. Pub, fiealth Rep., 38: 1948, 1923,

42, Evag; A.C.: Chronie Brucellosis. J.A.M.A., 103: 665-667,
4,



43, Evans, A.C.t Studies on chronic Brucellosis. I. Introduc~-
tion. Pub. Heal-th Ropc' 52' 1072-1077’ 1937t

44, Evans, A.C,: Studies on Chronic Brucellosis, II. Deserip-
tion of techniques for specific tests. Pub, Health Rep.,

45, Evans, A.C.: Difficulties in chronic Brucellosis. Am. J.
» TI'OP. Ked., 19‘ 319-325’ 1939.

46, Evans, A.C, Robinson, F.H. and Baumgartner, L.: Studies on
chronic Brucellosis. IV. An evaluation of the diagnostie
laboratory tests. Pub. Health Rep., 53¢ 1507-1525, 1938,

47, Favorite, G.A., and Culp, C.F.: The intradermal test in
Undulant fever., Reactions in healthy and infected indi-
viduals. Je Lab, & Clin, Medq, 203 522-526, 1935q

48, Feemster, R;F. and Hyder, G.A.: Epldemiology and statistics
-~ 4in Massachussets. New England J. Med., 2253 937-940, 1941,

49, Ferguson, L.C., Irwin, M.R. and Beach, B.A,: Variations in
blood picture of cattle followling induced infection with

Brucella abortus. J. Infect. Disi, 76: 31-39, 1945.

50, Feusier, M.L, and Meyer, K.F.: Principles in serologic
grouping of Brucella abortus and %rucellg mo;%tgng;s.
Correlation between absorption and agg utination tests.
Studies on the genus Brucella. J. Infect. Dis., 27:

51, Fiteh, C.P., and Lubbehusen, R.E.: A study of the value of
whole niik and milk sediment for the isolation of Bacter-
ium abortus.Bang. Cornell Vet., 16: 46, 1926.

52, Fleichner, E.C. and Meyer, K.F.: Observations on the presence

f{_ﬁ{%éllfs_,gggggg in’certified milk. Am. J. Dis. Child.,
4: y 1917.

53. ?loichnef, E.C. and Meyer, K.,F.: The bearing of cutaneous
hypersensitivity on the pathogenicity of the
Mo m. Jo Di'. Childo’ 16' 268-273’ 191 L]

- 54, Fleichner, E.C. and Meyer, K.F, and Shaw, E.B.: A resume of
gsome experimental studios on cutaneous hypersensitiveness.
‘l- Jo Di.. Child.’ 18’ 577-590’ 1919.

55, Foulton, J.8.: Contaglous abortion of cattle and Undulant
fever in man., Canad. Pub, Health J., 32: 194-198, 1941,

56, Foshay, L.t Laboratory diagnosis. Am. J. Clin. Path,,
101 176-187, 1940,



57 «

58.

59.

60,

é1.

62.

63.

64,

65,

66.

67.

68,

69.

70.

71.

Francis, E. and Evans, A.C.: Agglutination, cross-agglutina-
tion, and agglutinin absorption in tularaemia., Pub, Health .
Rep., 411 1273-1295, 1926.

Gersh, I. and Mugrade, E.R.: The incidence of positive
immunologie reactions for Undulant fever. J. Lab., & Clin.
Med., 23: 918, 1938,

Gilbert, R., Coleman, M.B, and Groesbeck, W.M.: A study of
methods for the isolation of Bacterium agbortus. Am. Pub.
Hoalth A!S., 19' 25’ 1929.

Giltner, W., Cooledge, L.H, and Huddleson, I.F.: A study of
the milk in bovine infectious abortion. J. Am. Vet. M.A.,
31 157=-167, 1916.

Giordano, A.5.: g;ggg;;._iggiggg infection in man, The intra-
dermal reasction as an aid in diagnosis. J.A.M.A., 933 1957-
1958, 1929.

Giordano, A.S., and Sensenich, R,L.! Eigcfilg abortug infection
in man. Clinical analysis of thirty five cases. J. Lab. &
Clin, Med., 15: 421-436, 1930.

Goldstein, J.D.: Cutaneous reactions in the ﬁiagnosis of
Undulant fever. J. Clin, Investigation, 13: 209, 1934.

Goldstein, J.D., Fox, W.W, and Carpenter, C.M.: Recovery of
‘ }ron stools of healthy carriers, Am. J.
Hu sc ) 1 1' 12-715’ 1936 ']

Goobar, J.K. and Illia, H.A.: Epidemiology and statistics
in Los Leones. Bull. Hyg., 18: 300-301, 1943.

Gould, S3E. and Huddleson, I.F.: Diagnostic methods in Undu-
lant fever with results of a survey of 8,124 persons.
J.A.M..A., 109! 1971-197‘, 1937.

Gould, G.M., Parkes, A.S., and Hammond1 J.: Discussion on
c

control of diseases of cattle inimical to man Brucellosis
and sterility. Proc. Roy. Soc. Med., 35: 635-642, 1942.

Green, H.M.: Laboratory infection with Brucella sbortus.
Brit. M.J., 1t 478-479, 1941,

Gwatkin, R.: g;gggllg_ggggggg infection in cattle in relation
to milk. Canad. Pub. Health J., 25t 5=9, 1934.

Gwatkin, R.: Fractions of g;ggg;lgigpgg{gg; complement
fixniion and intradermal tests with alcoholic precipitate.
Canad, J, Research, 123 125-132, 1935.

Hagan, W.A.: Disease of guinea-pigs due to Bacillus gbortus.
J. Exper. Med., 36: 697-709, 1922.



72

73.

74.

75.

76.

77+

78.

79.
80.

81.
82,

83.

85.

Hageman, P,0., agd Doubiy, J;{.s Variation in immune response
to ngg%g;;; 3 g;ggg epending on route of administration.
Proc. Soc. Exper, Biol, & Med., 45: 801-802, 1940,

Hardy, A.V., Jordani c.F, and Borts, I.H.: Undulant fever.

Further epidemiologic and clinical observations in Iowa.
J-A-H.A-, 107' 559’ 1936.

Harris, H.J.: Difficulties in diagnosis in Undulant fever:
preiiminary report of fifty one cases. New York State J.

Hasley, D.E. and Schalter, H.: Preparation of liver media.
7. lab. & Clin, Med., 241 523-525, 1939.

Heathman, L.S.: A survey of workers in packing plants for
evidence of Brucella infection, J. Infect. Dis., 553
243-265, 1934.

Henry, B.S., and Traum, J.: Comparison of factors influencing
agglutination test for Brucella abortus. J. Infect, Dis.,
47: 367-379, 1930.

Hershey, A.D., Huddleson, I.F. and Pennell, R.B,: Chemical
separation and biological activity of polysaccharide
constituent in Brucella cells. J. Infect. Dis., 573
183'185’ 1935- :

Higginbotham, M. and Heathman, L.8.: Precipitin, and comple-
ment rixaiion reactions of polysaccharide extracts of
Brucella. J. Infect, Dis., 59: 30-34, 1936.

Holth, H.: Die Agglutination und die Komplementbindungs-
methode in der Diagnose des seuchenhaften Verwerfens der
Kuhe. Berl, tierarztl. Wehnsehr., 25: 686, 1909.

Huddleson, I.F.: The differentiation of the species of the
gerus Brucella. Am, Pub. Health Ass., 18-24, 1929.

Huddleson, I.F.: Procedures for the detection of Brucella in
milko Am, Jo Pub. Haalth (Buppl.), 26‘ 118-122’ 1936.

Huddleson, I.F.: Presence of capsule on Brucella cells
prelininary report. Proc. Soc. Exper. Biol. & Med., 13:
773, 1940.

Huddleson, I.F.: Brucellosis in man and animals, The Common-
Wealth Fund’ NGY.’ 19‘3.

Huddleson, I.F. and Abell, E.: Behaviour of §§ggg1}. epggy%g
and r’c 1’ toward gentian violet. J. Infect.
Dis., ‘3‘ =t ’ 1 20,
Huddleson, I.F., Haaley{iD.E. and Torroy1 J.P.: Further
o o

studies on the isola n and cultivation of Bacterium
lhgzxn!- J. Infect. Disn’ 40‘ 352-368’ 1927.



87.

88.

89.

91.

92.

93.

97.

98,

99.

Huddleson, 1.F., Johnson, H.W. and Hamann, E,E,1 A study of
the opsono-cytophagic power of the blood and allergic skin
reaction in Brucella infection and immunity in man, Am. J.
Pub, Health, 23r 917-929, 1933.

Huddleson, I.F,, Johnson, H.W. and Hamann, E.E.: A study of
Brucelia infection in swine and employees of packing houce.
J. Am, VOto M.AO’ 83' 16"30’ 19330

Hughes, M.L.t The natural history of certain fevers occuring
in ihe Mediterranean, The Mediterranean Naturalist, 2:
325, 1892,

Hughes, M,L.: Mediterranean Malta or Undulant fever, London:
MacMillan and Company, 18§7.

John, N.F,, and Pless, L.R.: Agglutinine for g;gc§1;g gggrgga
13 the plood and milk of cows. Am., J. Pub. Health, : 499,
1931.

Johns, E.P., Campbell, F,J.H, and Tennant, C.S.t A serological
anﬁ elinical invosligation of individuals exposed to
Brucella gbortus. Canad. M.A.J., 27: 490-497, 1932.

Jones, E.R.: Seasonal variation in incidence of %;gggllg
abortus in raw milks. J. Path, & Bact., 55: 357-362, 1943.

Jordan, C.,F.: Infection in the epidemiology of Undulant fever
in &he general population and selected groups in Iowa.
J. Infect. Dis., 48‘ 526-5"0, 1931-

Jordan, C.F,, Borts, I.H., Harris, D.M. and Jennings, J.R.:
Epi&eniology, diagnosis and control. Am. J. Pub, Health,
33: 773=779, 1943.

Jordan, E.0., and Burrows, W.B.: Textbook of Bacteriology
l4th editlon, W.B. Sanders Company, Philadelphia and
London, 1947.

Karsten: Uber das Vorkommen and den Nachweis von Abortus-
bakterien in der Milch der Kithe. Deutsche tierarztl.
Woch., 401 689-699, 1932.

Keller, A.E.: Comparison of skin reactions obtained by use
of Brucella nucleo-protein (brucellergin) and of heated
Brucella organisms in sensitized individuals., 8South. M.J.,
33:1180-1184, 1940,

Keller, A.E,, Pharris, C. and Gaub, W.H.t Diagnosis of Un-
dulant fever. The opsonocytophagic allergic and aggluti-
o Feactions. J.A.M.A., 1073 1389-1373, 1936.

100, Kemp, H.A. Wright, H.E, and Wayne, F,: Bpecifieitglor Weil=-
2

Felix reaction. Texas State J. Med., 29t 278-281, 1933.



101.

102.

103.

104,

105.

106.

107.

108.

109.

110.

111.

. 1124

113.

114,

Kerby, G.P.: Nicotinic ‘acid and thiamin hydrochloride as
growth promoting factors. J. Bact., 37: 495-499, 1939.

Kerby, G.P. and Calder, R.M.: Culture media. J. Bact., 40:
637-643, 1940.

Khaled, Z.: A comparative study of bovine abortion and
Undulant fever from the bacteriological point of view.
J. Hyg., 203 319-329, 1921.

Kirby, M.M. ind Rantz, L.A.t Agglutinin response of normal
persons to skin tests with Brucellergin and Brucella
vaccine., J. Lab., & Clin, Med., 27: 1244-1248, 1942,

Kleeberg, J., Gurevitch, I, and Alkan, W,J.: Sulphanilamide
therapy in Undulant fever and a new method of blood
cglguro. Tr. Roy. Soc, Trop. Med., & Hyg., 33: 183-189,
1939. .

Kolmer, J.A., Bondi, A. and Rule, A.M.: Results of active
1mmunization of human beings with mixed heat-killed vac=-

eine of Bacillus Txphggugl Brug;;;g gbortus and Brucella
E!lit.ns;’o Je Infect., D 8., 1 2 -2 ’ 1940.

Kolmer, J.A., Bondi, A, and Rule, A.M.: Persistence of antie-
bodies one year aftér active lmmunization of human beings

with heat-killed vaccine of Baclllus t y Brucella
melitensis. J. Infect. Dis., 1 54=57, 2.

Koser, S.A., Breslove, B.B. and Dorfmann, A.: Accessory
growth factor requlrements of representatives of Brucella
group, J. Infect, Dis., 69: 114-124, 1941.

Koser, S.A, and Wright, M,H.: Further experiments on ac-
cessory growth factor requirements of Brucella group. Je
Inf.ct. Diso’ 71' 86"‘88’ 194‘2.

Kristensen, M.t Classification of Danish and other strain of

Brucella., Zentralbl. f. Bakt., 120: 179, 1931.

Larson, W,P, and Sedgwick, J.P.! The complement-fixation
reaction of the blood of children and 1nrants1 using the

E;igl;us abortus as antigen. Am. J. Dis. Child., 6:
326-333, 1913.

Leavell, H.R, and Amoss, H.L.: The endermic reaction in
Brucella infections., Arch. Int, Med., 48: 1192-1197, 1931.

Levin, W.J.: The intradermal test as an aid in the diagnosis
of gndulant fever. J. Lab. & Clin, Med., 161 275-281,
1930.

Lewin, J.R. and Gersch, I.: Immunologic reactions for
Undulant fever in apparently healthg and in tuberculous
children. J. Pediat., 12: 571, 1930.



115.

116,

117.

118,

119.

120,

121,

122.

123.

124,

125.

Mackiez T.Y. and McCartney, Y.E.: Handbook of Practical
er

Bac iology. Edinburgh, E. and S. Livingstone, Ltd.,
1945, .
Marston Report on Malta fever, Army Medical Report,

J.A.t
3: 486, 1861.
McAlpine, J. G. and Mickle, F.iL.: Bacterium gbortus
1nrec{ion in man, Reauits of agglutination test applied

to more than 10,000 human sera. Am. J. Pub. Health,
18: 609-613, 1928.

MecAlpine, F.G., Plastridge, W.N. and Brigham, G.D.: Studies

on the metabolism of the hbortus-melitensis group. V.
Factors influencing sugar utilization. J. Infect. Dis.,
45: 485-489, 1929.

McAlpine, F.G. and Slanetz, C.A.: Studies on the metabolism
of the abortus-malitensis group.

I1I. Further observations on nitrogen metabolism,
J. Infect, Dis., 42: 66, 1928,
III.glugose utiliza%ion. J. Infect. Dis., 42: 73,
928. ' :
IV. Effect of various concentrations of CO2. J.

McBryde, A., Daniel, N.C. and Poston, M.A.: Brucella infec=-
tion in children., Agglutination reactions and intra-
cutaneous tests. J. Pediat., 4: 401-405, 1934.

McCullough, N.B, and Dick, L.A.: Physiologic studies of
Brucella. '
I. Quantitative accessory growth factor requirement
of ecertain strains of Brucella, J. Infect. Dis.,
71: 193-197, 1942.
1I. Accessory growth factor requirement of recently

i{solated strains of Bru abortus, J. Infect.
Dis., 71: 198-200, 1352.

MeCullough, N.,B. and Dick, L.A.: Growth of Brucella in
simple chemically defined medium, Proc. S8oc. Exper.
Biol. & Med., 52: 310-311, 1943.

McNutt, S.H, and Purwin, P.: The acidity produced in
Brucella cultures, J. Infect, Dis., 48: 292-294, 1931.

Menefee, E.E. and Poston, M.A.: Significance of standard
1aboratorg procedures in Brucellosis, Am. J. M, Bc.,
197: 646-653, 1939.

Metzger, H.J., Beaudette, F,R, and Stokes, F.R.: Use of
the 1ncuba ing egg as a differential medium, J. Am, Vet.

M. Ao, 95' 15 ’ 19390



126.
127.

128,
129.
130.

131.

132,

133.

134,

135.

136.

137:

138.

139.

Meyer, K.F, and Eddie, B.: Notes on the bacteriology of the
Brucella group. J. Lab. & Clin. Med., 15: 447-459, 1930,

Meyer, K.F. and Eddie, B.: Laboratory infections of Undulant
fever., J. Infect., Dis., 68: 24-32, 1941,

Meyer, K,F, and Geiger, J.C.: The increasing importance of
Brucelliasis as an occupational hazard. J. Am. Vet. M.A.,
136: 280-286, 1935.

Meyer, K.,F, and Shaw, E.F.: A comparison of the morphologic,
cultural and biochemical characteristics of gﬁggg;;g

bortug and Brucella molitgnggg. Studies on the genus
Brucella., J. Infect: Dis., 27: 173-184, 1920.
Hick106 W.A.: Capsule formation. J. Infect. Dis., 66t 271-277,
1940,

Moore, V.A.: Relation of Undulant fever in man to live stock
sanitation. J. Am, Vet. M.A.’ 7" 605-621’ 1929.

Morales Otero, P, and Gonzalez, L.M.: Purified protein
antigen from Brucella, Proc, Soc. Exper, Biol. & Med., 38:
703"705, 1938-

Morales Otero, P. and Gonzalex, L.,M.: Allergy in Brucella
igfections. Proc. Soc, Exper. Biol. & Med., 40: 100-102,
1939.

Morales Otero, P. and Gonzalex, L.M.: Purified antigen from
Brucella. Am. J. M. Sc., 1991 810-814, 1540,

Nicolle, C. and Comte, C.: Sur la presence frequente d'un
pouvoir agglutinan£ vig-a-vis du "Micrococcus #elitensis"
dans le sang des malades atteints de typhus exanthemique.
S8a valeur diagnostigue. Bull, Soc. path. exot., 3: 214~
216, 1910,

Olmer, D. and Massot, M.: On the diagnosis of Malta fever by
the intradérmal reaction., Marseille med., 61: 1206, 1924,

Otero, P.M, and Lelson, A.P.: Differentiation between
ﬁzggg;;;_gg}igggﬁgg and Bru bortug by precipitin
i;:ction. Proc. Soc. Exper. Blol. & Med., 52: 197-198,

3.

Poston, ﬂ;A.: Technic for isolation of Brucella from human
Brucellosis, J. Lab. & Clin. Med., 26: 1961-1965, 1941.

Poston, M.A. and Parsons, P.B.: Isolation of abortus and
malltenais group from lymph nodes. J. Infect. Dis., 661
86"'90’ 19400



140,

141.

142,

143,

144,

145,

146,

147,

148,

149,

150,

151.

152.

153.

Poston, M.A, and Smith, D.T.: Successful treatment of
Brucella meningitis with immune human serumj isolation
of the organism by a modified cultural method. New
England J. M.d., 215' 369-370’ 1936.

Poston, M,A. and Thomason, R.H.: Meningitis due to
B;ﬂgella 1n a Childa Am. J. DiSu Childo’ 523 90‘-9%'
1936.

Pullinger, E.J.: Examinatlon of milk products for Brucella

Reiter, D.0.: Extraction of precipitable substance from
genus Brucella. Y. Infect. Dis. 58: 45-58, 1936,

Report of Division of Veterinary Science, Michigan State
College, p. 40, 1933.

Robinson, E.M,: Recent views on Brucella group. South
African N.J., 9: 645-650, 1935.

Roepke and Fitch, C.P.: Preparation of Brucella abortus
plate antigen and some factors affecting sensitivity of
antigon. Jo Infectc Di'B., 66‘ 17-22' 1940.

Ross, G.R.: -A serological study of Undulant fever in
Southern Rhodesia. J. Hyg., 2631 403-419, 1927.

Ross, G.R.t The value of non-specific agglutination in
the differentiation of the genus Brucella. J. Hyg.,
261 279-284, 1927.

Sasano, K.T., Caldwell, D. and Medlar, E.M.: Complemnt
fixation and agglutination ®sts for E_?égg%l tu
infection., J. Infect. Dis., 48: 576-530, 1931.

Saunders, F., Finkle, I.I. Sternfeld, L. and Koser, S.A.:
Some ehemlcal properties of an essential growth factor

§3r7pathogenic bacteria. J. A. Ghem, Soc., 59: 170,
37.

Schroeder, E.C.: An experiment with raw and heated cow's
milk and its lesson, with comments on Bacillus abortus.
Am. J, Dis. Child., 63 334-343, 1913.

Schroeder, E.C. and Cotton, W.E.: II. The Bacillus of
tnpeatlous abortion found in milk. 28th annual report
of the Bureau of Animal Industry, U.S. Department of
Agriculture, p.139, 1911.

Schuhardt, V.T. and Beal, G.A.: Preliminary observations
of growth of selected stralns of Brucella in the Mc-
Cullough and Dick mineral base medium. J. Bact., 46:
219, 1943.



154,

155.

156.

157.

158,

159.
160.

161.

162.
163.
164,

165.

166,

167.

168.

Sensenich, R.L. and Gilordano, A.S.: Qﬁgggl%g.ﬂhgzaul
infection in man, J.A.M.A., 901 1782-1786, 1928,

Simpson, W.M.: Undulant fever, Brucelllasis; a c¢linico-
pathologic study of ninety cases ocecurring in and about
Dayton, Ohio., Ann, Int. Med., 4: 238-259, 1930.

Simpson, W.M.: The diagnosis and management of Brucellosis.
Ann, Int, Med., 15: 408-430, 1941.

Simpson, W.M. and Frazler, E.: Undulant fever. Report of
. sixty three cases occurring in and about Dayton, Ohio.
J.AM.A., 938 1958, 1929.

Sharp, P.F. and McInerney, T.J.: The colorimetric determi-
na%ion of the hydrogen ion concentration of milk, whey
and cream, J. Biol, Chem,, 70: 729, 1926.

Shaw, E.A.: Reports of Hoditerranean.Fovor Commission,
London, pt. 4, Pe 16’ 19050

Smiig J.t Brucella abortus in milk. J. Hyg., 321 354-365,
2.

Smith, T.t A characteristic localization of g;cil;%g abortus
in the bovine fetal membranes. J. Exper, Med., : 451~
456, 1919.

Smith, T.: The relation of Bacillus abortus from bovine
source to Malta fever, J. Exper, Med., 43: 207-223, 1926.

Smith, T. and Fabyan, M.: The pathogenicity of Bacillus
abortus. Bans. Zentralbl. f. Bakt-., 61: 5"9’ 1912.

Stafseth, H.J.: Studies in infectious abortion. II. Technical
Bulletin No. 49, Michigen Agricultural Experiment Station.

Stockmayer, W.: Kulturelle Untersuchungin uber die
Ausscheldung von Bangbazilien mit der Milech., Ztschr. f.
Infektionskr. 44: 105-129, 1933.

Stone, R,V, and Bogin, E,: Correlated human and bovine
Brucelliasis, statiutical and serological studies. Am.J.
Pub, Health, 25: 580-588, 1935.

Stroem, A.C,8.,: Cutaneous hypersensitiveness in guinea pigs
infected with Brucella abortus. J. Infect. Dis., 48: 165-
175, 1931.

Taylor, R.M.,, Lisbonne, M, and Vidal, L.F.: Movement
sanitaire, 12: 51-90, 1935.



169.

170.

171.

172.

173.

174.

175.

176.

177.

178.
179,

180,

181,
182,

183.

‘Thomsen, A.t An enzootic of infectious abortion of swine in

Denmark. Revue Generale de Medicine Veterinaire, 40:
457, 1931.

Topley{ W. W. C. and Wilson, G.S.: The Prineiples of

B;cgeriology and Immunity. New York, William Wood & Co.,
1929,

Tovar, R.M,: Opsonization test. J. Immunol., 49: 203-207,
1 . >

Traum, J.: Annual Report of the Chief, Bureau of Animal
Industry, U.8. Department of Agricuituro, p.30, 1914,

Traum, J., and Henry, E.S.s Borie acid for the preservation

of milk naturally infected with Brucella abortus,
J. Infect., Dis., 47: 380, 1930,

Trenti, E,: Cutaneous reactions in M;crgggcgug %eliisgggs
infections, II. Policlinico sez. prat. 32: ’ 25,

‘Vellisto, E.: Eeiniges uber den Milchagglutinationstiter

bei der Bang - Infektion der Kuhe., Eesti Loomaarstl.

Wilson, G.8,: Classification of Brucella group; systematic
study. J. Hyg., 33t 516-541, 1933.

Wilson, G.S5, and Miles, A.A.t The serological differentla-
tion of smooth strains of the Brucella group. Brit. J.
Exper., Path., 13: 1-13, 1932.

Wise, N.B.: Evaluation of Brucella opsonocytophagic test.
Am, J. M, Sc., 200: 520‘523’ 19400

Wise, N.B.: Agglutinating properties of antibrucella rabbit
sera. Am, J. Clin. Path., 11: 617-619, 1941.

Wise, N.B.: Acute Brucellosisj clinical, bacteriologic and
serologic studies of three patients. Arch. Int, Med.,
72: 346-352, 1943.

Wise, N.,B., and Craig, H.W.: Complement-fixation reaction.
J. Inf.ct. Dis.’ OI 147"151' 1942.

Wise, N.,B., and Serby, G.P.: Cultivation of abortus and
melitensis group }rom blood. J. Bact., 46: 333-336, 1943,

Wise, N,B., and Kerby, G.P.: Phenomenon of local skin-
reactivity (Scharizmann) to organisms of Brucella group.
J. Immunol,, 46: 225-233, 1943.



184,

185-

186.

187.

188.

Yeckel, H.C. and Chapman, 0.D.t Brucella (alkaligenes)

infections in man. The intradermal reaction as an aid
in diagnosis. J.A.M.A., 100: 1855-1856, 1933.

Zammit, T.: A preliminary note on the examination of the
blood goats suffering from Mediterranean fever. Reports
of the Commission on Mediterranean Fever, London:
Harrison and Sonl, pt. 3, 9.83, 1905.

Zeissig, A. and Mansfield, H.L.: Comparison of agglutina-
tion and complement-fixation tests for detection of

hgm%um 1nfacti°no J. Am, Vet. M. Ao’ 76'
211-220, 1930.

Zobell, C.E, and Meyer, K.F.: Metabolism studies on the
Brucella group.

V. The Production of H2S8. J, Infect.Dis., 51:
90-98, 1932.
VI. Nitrate and Nitrite reduction. Ibid., 51t
99-108, 1932.
VII. Dextrose utilization. Ibid., 51: 109-116, 1932.
VIII. Nutrient requirements in synthetie medium,
Ibid,, 51: 344-360, 1932.
IX., Physicochemical requirements in synthetic
medium, Ibid., 51: 361-381, 1932.

Zwick and Krage: Uber die Auscheidung von Abortus bazillen
mit der mileh infizierter Tiere. Berl. tierarztl.
Wechnschr., 29: 41-43, 1913.



