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SENIOR THESIS
A REVIEW OF UNDULANT FEVER PARTICULARLY AS TO
ITS INCIDENCE, ORIGIN AND SOURCE OF INFECTION

INTRODUCTION

The motive for this paper is to review the obsefvations, on
Undulant Fe#er, of the various authors, as to the comparﬁtive im-
portance of milk borne infection and infection by direct contact.
The answer to this question should be of some help in fhe diagnos-
is of Undulant Fever and itAshould also be of value where a question
- of the disease as an occupational entity is presented. Throughput"
the papers which have been read I believe it is safe to say%t‘fﬁ

there is, at present, no controversy as to the pathogenici 7. for
man, of Brucella- this metter having ‘been settled by earlier writers
with experimental and clinical proof. There is, however, the'qnest-
ion of whether the infection reached its host via raw miiEfand
dairy products or by contact with livestock onathbcfarms'éﬁdVin the
meat industries. Some of the authors believe the former to Ee the
dominant factor while others give emphasis to direct contact.,

It would be well, at this point, to consider the Brucellas or-
ganism classification as it is now known. The term Brueéllé in-
cludes the various organisms causing the syndrome in man known as
- Malta Fever, UndulantdFevar, or as it is currently called - "Bru-
cellosis", The specific organisms include three main groups, and

under each of thesevare several numbered strains, which are as
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follews:

1., Brucella Melitensis - Caprine Origin (goat)

2, Brucella Abortus - Bovine Origin (cattle)

3. Brucella Abortus - Suis Origin (hogs)

At the present time the last two groups are thcﬁght by some to be
identical., It should be mentioned also that these groups are very
similar and can not be differentiated except by other than ordinary
bacteriological methods,

In most of the literature on Undulant Fever the main problem,
as I understand it, is to establish where the‘ofganism came into
the environment of the infected individual, How this siﬁuaticn
could be prevented and controlled is of course the underlying
question., These considerations are particularly important in this
disease since, up to the present time, there is no specific therapy.
The unfortunate hosts to this organism must be satisfied with sym-
ptomatic measureskand their own natural resistance, It is well
that this disease has such a ccmpargtively low mortality (8) rate
(1-8%) and that ita morbiﬁity is so mild at times that there are
no subjective complaints. Before proceding further with the details
of this presentation I should point out the historical aspects in
the development of our pregent concept of Brueellqs;s or Undulant

Fever,



HISTORY

. The history'of the disease of Undulant Fever seems to begin
‘back with Hippocrates (72). He describes - “perraeted fevers
lasting for many months, some with rythmically recurring pyrexial
waves" - that easily suggest the term undulant. The modern liter-
ature on this disease begins in 1859 when Marston (72) made an
aaeufgte description. He wasfstatienéd at the Island of Malta

and observed meny instances of a disease‘@cumﬁing'during the spring
and - summer which was characterized by fe#er, splénic enlargement
ana low mortality rate. He also pointed out the difference between
this fever and others and particularly differentiated it clinicaliy
.frcm Typhoid Fever. In the following decades many papers were
written on this disease but little was added to the general concept
of the disease except to apply different names to the fever until
Bruce (6) identified the "micro-coccus melitensis" in 1887. Bruce
(7) lists the following names which were used.to describe the same
condition: - Mediterranean Fever,kGastric Remittant ahd Bilious
Remittent Fever, la febbre gastrobiliosa, faeco-malarial fever,
-intermittent typhoid,,adenoftyphoid, febris complicata, febris
sudoralis and pythogenic septicemia.' It was in 1896 that Hughes (8)
first suggested the name Unduiant Fever,

Sir David Bruce (7,&'6) wrote much about this disease and was

tﬁe first to ideptify an orgenism present in those having the dis-
ease, The name Brucellosis, as the disease is now called, is ap-

plied in honor of this original work. The article written by



Bruce (6), in 1887, reviews his original observations and the
truly scientific approach he made to the search and identification
for the causative organism of Undulant Fever is worthy of note.
His technic was most meticulous and he was able to observe the
organism from smears made from the spleens of fatal cases. He
also culﬁured these orgaﬁisms through several genepations., In
his later article (7), written in 1898, Bruce summarizes his ob-
servations on Undulant Féver up to that date, His definition
of the disease at that time\is intereStiﬁg - "A disease of long
duration, characterizéd clinically by fever, pénfuse perspiration,
constipation, frequent relapses, often accompanied.by pains of a
rheumatic or neuralgic character, sometimes swelling of joints,
or orchitis; anatomically by enlargement and softeniﬁg of the
spleen, congestion of the various organs, no enlargement or ulcer-
ation of ?eyer's or other intestimal glands, and the constant
occurance in various tissues of a species of micro-organisms, the
micro-coccus melitensis." He had also carefully studied the
bacteriology of the organism and listed the bacteriologic character-
istics. |

Bruce (7) con¢idere&*most every aspect of the disease. In
regard to its incidence he says that any age is liable but liabil-
ity is exaggerated in those under 35. He thinks it endemic to the
- Island of Malta. The theory of his time that the organism gained
entrance to humans via the respiratory tract is frowned on by him

as difficult to understand and he clearly points out why.- the theory



is unsound and thértriged that the organism is probably transfer-
red by means of drinking water, or other fluids or solid food.
Bruce further points out that Malta Fever differs clinically from
typhoid by being of longer duration, having constipation generally
rather than diarrhea, frequent presence‘of articular symptoms and
the low mortality rate of Malta Fever as compared to typhoid. In
his differentiation he includes the serum diffarentiation tests
when - "two feve:s difficult to distinguish from each other exist
side by side, that the method of serum diagnosis may be expected
to give good results", | /
~ In regard to immunity Bruce (7) feels, contrary to his con-
témporaries, that one attack of Malta Fever confers immunity.

For t:eatment 6f the comdition Bruce (7) offeré suggestions
such as avoiding Malta and the Mediterranean area during the un-
healthy spring and summer season, maintain good general health by
adequate rest and diet. He even advises that milk is one of the
best diet ingredients; which p:ébably carried more gerﬁs;‘

- The next important step in the knowledge of Undulant Fever
was made by Bang (4), in 1897, when he identified the organism re-
sponsible for contagious abortion in cattle. About this same time
Hughes (9) wrote a classical article on Malta Fever. In this
article he clagsified the disease into three groups and first
suggested the name Undulant Fever. He groups them as follows:

‘l. A.pern;cious type - rare but generally fatal
2. An undulant type - characterixed by exacerbations of



temperature at regular intefvals.

3. A continued type - with continuous féver persisting

for weeks or months.

It wa#‘ﬂraig!s,article (15), published in 1897, that first
described a case of Malta Fever in the United States.

The British Army was vitally interested in the study of Un-
dulant Fever and’aﬁpointed a commission to investigage the disease
and report on it, As a result of their interest and work, and lr
work by other inwestigaﬁers, in 1905, Professor Sir Th. Zammit (53)
suggested«aﬁd fairly well proved that goats were closely associat-
ed with human cases of Undulant Pever, In this same year an in-
cident occurred, which is reported by Manson-Bahr (53), which fur-
ther substantiated this belief. ‘Thié incident occurred when a
boat, the S. S. Joshus Micholson, sailed from Malts. It carried
a herd of sixty-five goats which were to be brought to\the United
States. During the voyage a number of the officers and crew drenk
freely of the milk furnished by these goats. All of the men con-
trasted a fever,'e#uept four men who either had boile& the milk
before using it or had not drunk it at all. On arrival‘at New York
the organism Brucella was recovered from the goat milk and:the whole
herd was destroyed.

_ In the following years numerous articles appeared reporting a
case here and there inkthe‘United States and elsewhere. The early
cases in this country were mostly found in the southrwesiern states,

including Arigoma, Texas and New Mexico, It:was not until 1913



that much new information was added to the knowledge of the dis-
ease, In that year Larson & Sedgewick (52) studied the agglutin-
ation reaction of human serum oﬁ bacillus abortus antigen. They
suggested, since they found this bacillus in cow's milk and that
the agglutination reaction was seemingly specific, that there was
probably some relationship. It could be said that they were the
first to point out the possibility of human infection with Brucella
_ from cow's milk containing the infecting orgenism. They also point-
ed to the frequent association of abortion in farm women with abortus
epidemics in cattle and suggested that contact of these women with
infected cattle might be a factor. ‘

In 1914, Traum (71), identified the porcine variety of Brucella.

It remained for Alice Evans (20), in 1918, to positively
establish the relationship of bacterium metitensis and bacterium
abortus. She was the first to bring experimental evidence to sup-
port this relationship.

In 1920 Meyer (33) suggested the name Brucella be applied to
‘the organisms causing Undulant Fever. Dr. Walter M. Simpson in his
remarks concerning an article by Bierring (8), in 1929, reemphasized
the name Undulant Fever for the sake of propriety becamse some
groups resented the term "Malta Fever" since the disease has world
wide distribution., At the pr§sent time Bruce is honored by naming
both the organism and the diséase after him. The present term be- -
ing Brucellosis (2).

In 1924, Keefer (47) described the first case of Undulant



Fever proven to be caused by Brucella Abortus. He isolated this
 organism repeatedly from the blood of the individusl showing the
elinical symptoms of Undulant Fever. From this time on many
artiecles have appeared on the subject of Undulant Fever, some
stressing the epidemiology, some:the clinicael sspebts; sbménthe
beéteriology and still others meinly the treatment. Tt still
remains, however, in spite of muéh progress in the study of the”
disease, that little can be done in the way of treatment other
than symptomatic measures.

CLINICAL ASPECTS

PEFINITION - Undulant Fever is an acute or chronic infectious
disease characterized by the pypical onset of fever, chills, pro-
fuse sweating, arthritic-like pains and aéseciated with loss of
wieght and the persisgent undulant type of fever curve, It is
caused by a group of organisms known as Brucella which gain en-
trance to the human host via the skin or alimentary tract. Its
duration varies from a few weeks to many months and the morbidity
is variable while its mortality is low (1-8%). There is no univer-
sg%ly accepted specific treatment.

SYMPTOMATOLOGY - A few generalizations might be statgd as to
the clinical aspects of Brucellosis as it is considered at the
present time, The following descriptions are chosen because they
are typical of vérioua éapers that include such obser&ations,

Brucellosis contracted from hogs and cattle is not distinguish-

able clinically from Malta Fever as it is known in the Mediterran-
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ean ceﬁéﬁries. There is a.difference, however, in the clinical
manifestations of Undulant Fever according to which organism has
infected the individual. This will be shown in Zater remarks in
this paper. It is agreed, according to Bierring (8) in 1929, that
the bovine and caprine varieties of brucella are so closely relat;
ed that more than ordinary laboratory methods must be used to dif-
ferentiate these different species,

The clinical approach to the disease is listed by Baltzan
. (2), in 1937, when he mentions the triad of fever, rapid loss of
weight and sweating as the basis for using the agglutination and
culture tests. He also lists the symptoms in their order of im-
portance as follows:- "Fever, sweats, chills, loss of weight,
headaches, emesis and abdominal pain, occassionally hemoptysts
and vertigo and joint pains,"

In ebserving all of these symptoms Carpenter and Boak (9),
in 1928, consider the onset of the disease of special importance
listing the character of the onset of rigors, chills with profuse
sweating, arthritic pains, loss of weight and the undulating type
of fever curve,

Bierring (8), in 1928, wrote an article giving a detailed
analysis of the various important symptoms. His observations
are unusually clear and conform with other descriptions of the
symptoms,

Sweating - is a marked and constant adjuvant of the disease.
In all but two of 150 ca.séfs reported by Bierring (8) he emphasised
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that sweating is 6ne«of the most diétressing complaints. Concern-
ing its "'characterhe says that this symptom is distinectly a night
sweat and usually appears in the early morning hours, occassionally
'équally prominent during the day. Patients describe the sweat as
5wriﬁging wet", wafer runs off, feel water running from side, "wet
clean through the mattress", and older writers even call the disease
"Febris Sudoralis". The profuse drenching character of the sweat
resembles a malarial sweat more than anything else. Tt is the un-
ﬁsual perspiration, preceded by severe chills and rigors, that

‘" @ifferentiates Brucellosis from typhoid. Of course the plasmodia
:in the blood is the criteria and differenﬁial point between Malaria
and Brucellosis.

Arthralgia and Mnscular~Pains; Muscular and joint pains are
prominent features of all descriptions of Undulant Fever according to
Bierring (é). They are present in Undulant Fever caused by Brucella
Abortus as well as Melitensis. ’Théée coipiaints are usually con-
necﬁed with the onset and often present throughout the course of
the disease. Patignts describe avgeneral ache, joint pains and
naching fever and in some cases a severe pain in the calf of the leé.
One physician compared the severe headache and backache to the onset
of small pox. At any rate the painful condition of the muscles
and joints is a very distressing condition. The joint symptoms
suggest Rheumatic fever but they are different'in that, even though
hydrarthrosis and swelling are present,"they lack the pain character

_afid ?edness incident to Rheumatic fever.
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Fewer - According to Bierring (8) the most distinctive feature
of thé clinical course is the fever. It has an undulating irregular
éurve and is of long duration. British Medical Officers considered
£he fever curve as highly significant but later observers regadd it
as important but not pathognoﬁqnic. The curve is equally signifi-
-cant in either melitensis or abortus type. Many of the patients
observed by Bierring continued to work even though they had fever,
He noted three type3~of fever curves, The fulminating melignant
type of fever with a temperature rapidly rising to 106°F or higher
and rapidly overwhelming the patient in hyperpyrexia. ' The typical
undulating type of curve was not very prominent in the Iowa cases
being present in only six of the cases., The long continued, us-
ually intermittent, with occassional spika like cur#es and of
afebrile periods was the predominant type. In Qharté of fever curves
of Undulant Fever, chronic tuberculosis, liver abscess, subacute
bacterial endocarditis and typhoid, it was noted that all the curves
had points of similarity making it difficult to make a diagnoéis
from the fever chartkalone.

Physical Findings - These are rather scarce but probably the

most important is the enlarged spleen, but this too is not always A
present, The fever, loss of weight, and enlarged spleen, plus the
previous symptoms already mentioned, form the basis of a diagnosis
but only laboratory findings cen make a positive diagnosis.
Laboratory Findings - The work of proving Brucella infections

rests with laboratory findings Baltdég (2) believes. Clinical
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diagnosis elone is insignificant. An unfortunate thing is the
discrepancy that exists in what laboratory workers call a positive
reaction, An indisputable laboratory report, in all cases, does

not mean the solution of a diggnostic problem because other recogniz-
able disease may cause the discrepancy. Baltzan (2) lists the

main laboratory procedures including Blood Culturgs, Serum Agglutin-
ation tests, Intredermal Skin tests, Rapid Agglutination-test, and
White Blood Cell Counts. Of these different methods he says that

; the recovery of the organism from the blood of a patient is positive
proof but that this method is not without difficulties as the culture
takes ten to thirty days to develop and large percentage of failures
can be expected. It is also quite expensive and requires unusual
laberatory equipment and practice. The agglutination test is the
commonest method used but there-is a wide variation of opinion as

to the proper dilution for determining a positive reaction. A titer
of 1 to 80 is most commonly accepted but as low as 1 to 10 is stiil
recognized., It should also be remembered that, even in severe cases
' with positive cultures, that sgglutinations may still be lacking,

and this is even more likely in mild cases. The fact that there is
a 16.6% of failures of this test should be recognized but its 85%
dependability makes it a preferential test., Baltzan (2) points to
Angle's observation that 15% of tularemia pgtients show cross-ag-
glutination with Undulant Fever as does paratyphoid and typhoid fever
and in one case this accmr;ﬂdin a case that later showed a positive

culture of hemolytic streptococci., The intra-dermal test requires
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one-tenth of a cubic centimeter of a killed brucella cﬁlture,
standardized and diluted according to the amount of concentrate,
and is then injected intracutaneously. Positive skin tests are
obtained where the agglutination is 1-20 or even negative in
studied controlled cases. The intradermal test isrsimple and
attractive but requires dependable killed concentrates and often
causes sloughing. The Rapid Agglutination method has the patient's
serum mixed with a densé killed culture concentraterf the organism
on a glass slide, It gives a rapid ready reading but it also has
the disadvantage that, while positive reactions are significant,
negative reactions are of doubtful value.

While Baltzen (2) puts little stock in the white blood count
with a relative lymphocytosis because of two cases of equal severity
one of which had 25,000 and the other 2,000 cells per cubic mili-
meter, other observers feel it quite significant. Bierring (8)
says the blood changes are rather constant and distinctive, includ-
ing a hemoglobinemia and an erythrocythemia, with usually a leuco-
penia but occassionally a leucocytosis. The leucopenia was most
constant showing a relative lymphocytosis in almost every case where
frequent blood examinations were made. In some of his (Bierring)
cases the relative lymphocytosis was noted in ea:ly stages of the
illness; in one case it reached 79% but usually as the illness pro-
gressed the proportio;: of polymorphonuclear cells decreased as the
lymphocytes and mononuclear cells increased, tHe average percentage

ranging between 40 and 60. Bierring (8) quotes Awe and Palmer as
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saying,thaﬁ an absolute mononucleosis is a characteristic ;f Un-
dulant fever, Gastellaﬁi and Chalmers (8) were also quoted by
him as giving pathognomonic importance to the increase of lympho-
‘gytes both relative and absolute,

Na less an authority than Manson-Bohr (53) thinks that the
leucocyte count in both abortus and melitensis is distinct. He
' says there is usuallf a slight leucopenia with a relative increase
in lymphocytes. Theﬁaverage in seven abortus cases he reports
asffoliows: - leucoc§tes—6880; polymorphonucleers -43%, lymphocytés-;
49%; in his melitensis cases the averages were - leucocytes—6500,
p@lymerphanuclearB-éS%, and lymphocytes-48%.

In regard to the agglutination test Manson-Bahr (53) feels
that the titer is of no significance since he reports a case of
repeatedly positiva blood cultures which never had a higher agglut—
ination titer than 1 to 80, He agrees that blood culture is the
best pesitive diagnosis and specifies the points ofrtechﬂic to
avoid failures in its use - namely- to use a fresh blood specimen
and inject it into a medium held continnausly at body temperature
as long as ten to sixty days.~ He says culture of a blood clot after
the serum separateé may bec-very satisfactory. Isolation of the or-
ganism froh ﬁrine and feces éhould not be disregarded according to
Manson-Bahr as it has been reported as successful in melitensis
but as ﬁet (1933) not in abortﬁs.

- Kemp (43), in 1956_éays to consider an agglutination test as

positive one must also have a clinical picture of Undulant Fever.
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The agglutination test in itself can hardly be considered as diagnos-
tic. He points out that a definite titer for these tests can hardly
be estéblished as the clinical picture and the agglutination titers
are often very unproportienal.

Carpenter and Boak (10) also warn againsﬁ absolute dependence
on agglutination tests because in many cases the anti-bodies remain
in the blood stream months and even years after the symptoms have
subsided. ‘

A summary of agglutination evidence is’given by Hoa thman (40)
in 1934, These figures were derived mostly by analysis of blood

sent in for Wassermann tests.

Arnold end Miller, Illinois 7.0% positive reactions
Carpenter and Kind, New York 7.3% positive reactions
Hardenbergh, Minnesota - 4.,2% positive reactions

McAlpine and Mickle, Connecticut‘ 0,6% pesitive reactions
Gilbert>and Coleman, New York . 0.4% pesitive reactions
Hard&, Iowa | 8.8% positive reactions
- Heathman concludes, in dealing with persons exposed to Brucella
infections, that great care must be exercised in interpreting both
positive agglutination and intradermal tests. |
Diagnosis - Bierring (8) points.out that because of thé leuco-
penia Brucellosis must be classed with typhoid,‘tuberculoéié'and
influeéza. He al®o says in regard to diagnosis that after the onset
of the illness is established and the fever continues, that the

@ifferential diagnosis becomes more difficult because the clinical
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picture is one of septicemia and generalized‘infection. Tubercu-
losis can be discounted by the absence of distinctive physical
changes. ©Splecn enlargement early witﬁ lymphodenopathy, particular-
ly~ in young patients, may suggest tularemia. The character of the
rigors, the chills and the sweating are the most confusing clinical
symptoms, \

Manson-Bahr (53) refers to subclinical cases- those in which
there is only slight temperature elevations obtained only by four
hourly peadings and in which no signs of any sort can be discovered.
Only by exhaustive inquiry and by ruling out all other kinds of
infection. can the diagnosis of Undulant Fever be made. He wonders'
how many unexplained pyrexias in young people suspected of tubercul-
osis can be aséribed to Brucellosis. He regardsthe agglutination
test as the bes£ diagnostic aid and feels that with a titer of
1/1000 positive reaction there is little question as to the diagnosis.,

Swartout (66), writing in 1929, summarizes the diagnostic
problems of Undulant Fever pretty well by saying that the differences
in reports on signs and symptoms is probably due ﬂo which strain,
bowvine, porcine, or caprine, is responsible. He also sgys that
Undulant Fever is a markedly protean disease, hard to giagnOSe
clinically but theuagélutination test is the most practical
diagnostic criterion.

The following chart shows an analysis of the clinical and
laboratory aspects of the ten cases of Undulant Fever that have

occurred in the University Hospital of the University ©f:. Nebraska
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College of Medicine, Omaha, Nebraska, from 19%2 to Jenuary 1, 1258,
Thie chart is included to show the variations in the elinical picture

of Undulant Fever cases.

Case # / 213141516 Z 8 9 |/0 ik
Joint Pains -+ + e &
Fever e e N RS IS Wl T [ ) R i M SRR R s )
Sweating -+ 1+ | + 3
Chills o 5 2
Heakness e S + |+ + |+ e
Logss of Weight + |+ + |+ * =015 o F§
Spleen

Palpability i 5 3
i . ] 5-4
iTite E}a%dﬂ Caount /a.{, 50|60 |06 |47 |10.3/0.0)|2.9 /40|25 54
inemia e i + + |+ £ (7
Liver Palpability ik I P2
A?dominal Distent+ 3 Y pabis Lok 3 e

ion

Jays in Hospltal |89 |27 |¢7|22123 |25 |s4 |12 |39 |57 |45

Notes Plus signs are used to indicate the presence of
findings ond the minus csigns the absence of‘-findings.

Prognosis - The prognosis of Undulant Fever 1s as a rule very
favorable when considering the ultimate outcome,as comparatively
few €atal cases have: been reported. The mortality listed by Bruce (7)

was 2%4. Bierring (8) says that his cases had a mortality rate of 2%

and that published records of Malta Fever give variations from 2-8%
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with 14% in epidemics of the disease.

The statements of various writers, in regard to duration of
the disease, all support the greatest variability, the durations
given are from weeks to years.

Bvans (22), writing in 1937, refefs to Hughes"Monograph of
1897 in whiéh he considers the duration of the disease. ﬁe states,
according to her, that in one case "sciatica" continued for 13 years
and that prolonged cases do not return to their original health for
12 to 24 nuuﬂtgand in some,years, are required for recovery. Evans
also’says thet since many patients suffering from "chronic Brucel-
iosiS“ may go undiagnosed for long times; that duration of the dis-
ease is really extremely varisable,

It iévwéll, in spite of the ultimate recovery, to remember
that during the disease that many of the cases show marked debility
and still others may have very little, as can be judged from the re-
ports of the many so called "subclinical" cases of Undulant Fever.

Distribution and Incidence - Brucella infections in the United
States have been reported from practically every state. The number
of cases increases as the literature on the condition has been
spread through the various zgencies to the practicing physcian.

An article by Hasseltine (38) on the epidemiology of Undulsnt
Fever, written in 1931, givés a very good classification of the
epidemiological groups; They are as follows:-—

"], The Milk Group-Those having little or no contact with

livestock--198 caées, 108 or 52% of these were males
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and the balance, 48% were females.

2. The meat grcup—Thoée having contact with livestock and
carcasses in the meat packing industry-44 cases, of
which 43 or 98% were males and the one female in this
group made sausage casing in a packing house.

3, Farm group-Those having contact with livestock on the
farm-193 cases, 184 ot 95% of these were males and nine
or 5% were females."

In this same article Hasseltine says that there were 1305 cases of
Undulant Fever reported in the United States up to 1929, and prtor
to 1925 only 128 cases had been reported.

When we consider the incidence of this diseaSe we must include
both the clinical cases and the large group of pases that fall in
the so called subclinical group.

| Hardy (33), writing in 1929 says unquestionably all states and
almost all countries have cattle infected with brudella melitensis-
variety abortus. The brucella orgenism causing contagious abortion
. even exceeds bovine tuberculosis in frequency of occurrance and in
economic loss.. o

In a study of 2492 cases analjzed by Baltzan (2) in a 1937
article he says that out of this group of cases who presented them-
selves because of 111 health from various causes, he picked 512
cases on sﬁspicion or routinely for agglutination testsl From these
512 samples he found 57 or 11% gave positive agglutination reactioﬁs.
He thinks the striking thing is the fact that this result, when
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_applied to the group from which the facts arose, shows that 2.3%
~ of all sick people had Brucellosis.

Fulton, who iniestigated,5025 blood samples from an area in
Saskatchewan practically identical with Béltzen (2), is referred
to by the latter as finding 81 or 1;61% positive agglutination
resctions. In 461 blood samples sent in for Brueella';bortus 40
" or 8.61% gave positive reactions. He used a titer standard of 1/50
with a trace gt 1)100. ‘Baltzan concludes from his own study, and
from the writers he refers ﬁo,‘that Brucellosis infection is common.
It may be acute or chronic, and even in the acute cases only 43% show
general systemic manifestations,‘while the chronic.infections, which.
are the most common, are very_elﬁsive to diagnogis. In any case |
the diagnosis rests on the laboratory tests plus the clinical
observations ,,acwrdihg to him. |

In regard to the chronic cases Evans (22), writing in 1937,
says that there is widespread Brucella infection of cattle that
appear healthy, and that chronic ill health in. humans of‘ﬁnknown,
etiology is also present. She suggests that since laboratory
tests for Brucella ére‘made usually 6n only the acute éases that
mény weclassified illnesses Selong to the chronic Brucellosis group.

In Iowa Undulant FEVér has been étndied extenéively. The first
case was repoftediin }926 by Dr. R. L. Woodward éccording to Bierr-
ing (8); Up to June 1, 1929 there had been 230 cases reported to
the Iowa Department of Health. These men in Towa comsider Brucel-

losis to be of state wide incidence,
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Giordano (29), writing in January 1929 says that since
Abortus disease in cattle is widespread in thié country the pos-
ibility of human infection has existed for a long time, In this
.repbrt he had studied 1100 blood serums by the agglutination re-
action, LOQO of the serums were from hospitals and clinics where
the patients had presented themsélves because of acute or chronic
sympﬁoﬁs. The 100‘ specimens were t#ken from apparently healthy
young adults, for comparison. Out of the 1000 specimens fourteen
active cases of Undulant fever were identified.

In the 1000 cases the agglutination test was positive fifty-
nine times, 5.9%., In the 1100 specimens 63 or 5.7% positive re-
actions were found. In the 100 "healthy serums"were four positive
reactions, 4.0¢4. Giordano is surprised by thérsmall variation |
of incidence in the three groups.

Hull and Black (44), in en article in 1927, report on sixty-
nine blood specimens from fever patients who’consistently gave
negative Widal reactions, They found six positive agglutination
reactions to the Brucella Abortus (bovine) antigin. Five of these
reactions were positive in dilutions of 1 to 2Q0 or greater.- They
concluded that Undulant Fever is much more common than is ordinar-
illy suspected.

Out of 998 sera sent in for Wassermann tests, and proving
negative, Harfison and Wilson (37) in 1928, ran agglutination
' tests with Brucella Abortus antigin and found 5.5% gave positive

reactions in dilutions of 1 to 10 or higher with an average dilution
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of 1 to 64.
In contrast to most writers Cruickshank & Barbour (16), in
1931, report the incidence of Brucella as less than 0.5% in;a sample
J,of-a general hoépital population.‘ They conelude‘that Brucella is an
uncommon infection iﬁ this country but that blood agglutinins may
develop in individuals closely associated with cattle, without
necessarily producing infection.

According to Giordano and Sesenick (31), in 1930, the incidence
of Brucella is greater in small communities becamse of the lack of
pasteurizatién.fécilities and the more common use of raw milk and
exposure to brucella infected herds.

A‘répgrt concerning the incidence of Brucella among cattle was
made by Traum (71), in 1929, He says the serums from thousands of
cafgle in various paris of the United States were fcunﬁ to have
about 30% positive reactions; “in 30 to 50% of'thgse'reaétors or
8 to 10% of the whole group,the orgsnisms were eliminated in the
milk, Hé says?siﬂcé infection in cattle is so ﬁniversal while
Undulant Fever cases are'sb few, that cattle mey not be such an im-
portant factor in the incidence of this diseese.

Up to January 1, 1956 Dustin (19) found that 9965 cases of
Undulant Fever have been reported in the United States. I think
the prepamderance of opinions supports the conclusion that Uhdulant‘
Fever is a fairly common disease in the United States and from the
statistics reported it would seem that fhe diségse, in either acute

or chronic manifestations,is present in about 5 % of the population,
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Age - In general it is recognized that there is a difference
in inéidenee amoung the age gvoups and among the sexes. The factors
causing this are suggested to be either an immunity or a gréater
degree of exposure,

Hardy (35) in his report on Iowa cases, 1936, spys that Iowa
’ cases'inwolve‘adults most heavily. He’plaé;s the greatest incidence
in the ages between 20 and 45 and in these the most of the cases
come frqﬁ farms or country towns, He also says there is a compar-
atively high rate for men on.the farm and for -packing house workers,

Fleishchner and Meyer (27), in 1918, recogniéed the immunity
present in infents fed on milk containing Brucella. They used the
cutaneous hypersensitivity test.

Bierring (8) in reporting 150 Iowa cases finds 112 of these
“to be in the age group of 20 to 50, 18 cases were under 20 years of
age, and 20 cases were over 50. |

Kavanaugh (46), in 1928, observed that childeéd under eight
‘years of age appapently;have a high grade immmity to Undulant Fever.

Parker and Dooley (18), in 1931, studied an epidemic of Undulant
Fever in a school community which used raw milk,from a single dairy,
which was highly contaminated with Brucella, In 15 childres under
ten years of age, who had been reared on this milk, they could not
find a single evidence of brucella asgglutinins or infection. They
conclude that childrén are relatively unsusceptible to the disease.

Heathman (40), in 1934, refers to Huddleson and Orr's (41)
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| report of 500 cases divided equally among males and femﬁles; and of
all age groups and constantly exposed to organisms through infected
milk, In this group only 1.4% gave pasitiie reactions and only
0.8% showed evidence of active infection.
Dustin (19) writing in 1937 says the disease is raredy found
in children under 12 years of age, the majority of cases being in
young and middle aged men. Occupation plays a definite roll in
etioiogy becausecoffthe infective opportunities. He says that the
incidence 1n general is greater in smaller communities becaégh of
the greater opportunity for contact with infected animals and be-
cause of the mere eowﬁon usage of raw milk in these communities.,
He is one of the few who mentions the seasonal variation of incidence
and states that it seems to be greater in the summgr.
Sex -~ This is & factor probably because of ths~probabili£y of
~ direct contact being greater among,méles than females since both ﬁales
and femsles drink raw milk in about equal proportions. '
Hardy points out in a discussion of Bierrings (8) article that
there is some factor which must be overlooked because there are three
times as many males have the-disease as females. Hardy says in
another paper (57) that he is impressed by the fact that very often
_they find cases on & farm with the.nan‘infected"and not the woman;
He says the proportion of men to women onu farms having Undulant
- Fever is 9 to 1. He states'thg£ other investigators suppor£ this
* observation and they helieve:the difference is due to éhe greater

possibility 6f direct contact with the organism by the oc¢cupation




. -25-

of the men on the farms. ‘

ﬁienring (8) reporting 150 Iowa cases finds that 120 were
males and 30 were females.

Stone and Bogen (65), writing in 1935, state that no
particular sex or age susceptability to this infection has been
found. These men seem 10 be overloeking,some very strong.evidence.

Hasseltine (38), in 1931, divides his analysis of cases accord-
ing to sowece of infection and concludes that the fact that out of
193 cases in farms 184 or 95% were in males and only 8 or 5% of
these were in females that direct comtact seems to alta; the sex
incidence,

Herdy (85), in 1936, regards the similarity of rates of incidence
among women on farms and among other adults not having occupational
contact as evidence that farm women acquire infection mainly by
direct contact.

It is correct I believe to say from the abave references,
that while there is a difference in incidence among males and females
that sex only plays a pﬁssive role in that both are equally sus-
ceptdble to infection but occupational differences gives males the
added opportunity for exposure by direct contact. | |

The variations of incidence according to occupation will be
brought out in subsequent pages but a chart by Hardy from his article
(35) gives the variations in ﬁhe cases he reports, The following
charts on occupaﬁicnal incidence and distributional incidénce will

be of interest.
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ggggugenicigz of Brucella - Hardy (55), in 1929, recognizes
the universa1¢ distribution of contagmuaJ abortion and says that

this disease exgeeds Bovine tnberculosis in frequency of occurrance
and as a cause of economic loss. He says the pathogenicity is
‘wariable but that in guinea pigs’the poocine type is more pathogenic
than the bovine. He é;uétes. Burnett and others who feel that the
melitanéis variety more readily causes infections in monkeys than
the abortus types. He also fefers to Huddlesé&%sﬁ finding that
porcine aboftus caused the most severe infections of all, with death
ugually resulting. Hardy remarks that bovine variety caused only |
mild infections and he thiﬁks the most common variety causing Un-
dulant Fever in the United States had not yet Seen established., He
does indlcate that the porcine type is chiéfly concerned- but points
out that conclusive evidence is lacking as to the relative virulince
of the different types of Brucella for man.

In 1931 Carpenter and Boak (11) point® to evidence that Brucella
has beeﬁ i;olated from cultures of blood, urine, stools, joints,
tcﬁsils, ovaries, ovidugét znd epididymus, as well as, practically
all parenchymatous tissues. He also sapys that because of its manifest

“affinity for reproductive orgéns in animals that it probably carries
the same affinity for hﬁmans'and may be the cause of many abortions
in women who have the possibility of contacﬁ with animal contagious
vabortion.

Huddleson (42), in 1930, says that for the great majority of
peepie Brugella is not highly pathogenic, but there appears to be a

mimority group who are infected when exposed to sufficient doses of

+
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infective material. He warns every oﬁe to avoid exposure because
as yet (1930) there is no means of differentiating the two groups.
He refers also to the fact that of the people exposed to infected
goats milk in Mediterranean areés, many more fail to get iﬁfeétions
than do become infected. The origin of immunity of so many haman
beings to Brucella is a subject of considerable importance.
McAlpine and Mickle (54), in 1927, report §n eh analysis of
10;157 humsn sera sent in for Wasserman tests and tested also for
Brucella Abortus by the agglutination method. In this group of
sera he found that 0.6% gave positive reactions up through the
1 to 100 dilutions, He also states(that these sera were taken from
an area4where_t95ting of animals had shown 90% of the dairy herds
infected with Brucella and only 60% of the milk was pasturized.
He concludes that infection of man with the bovine type of Bf&cella
is relatively ra;e. '
| As early as 1913 Laéson and Sedgewick (52) abservéd that there
seemed to be an asscciation between the cause of abortion in women
and contagious abortion in cattle., They discounted Lues and ingjuries
as the cause of these human abortions and were also able to fiﬁd
a large percentage of these women gave positive complement-fixation
reactions using Brucella Abortus aptigin.
A study of the value of hypersensitivity findings was made by
~ Fleischner and Meyer (27), in 1918, Which showed that Brucella
Abortus Bovinus and tuberculosis behaved very cldsely as to character

of lesion and cutaneous hypersensitivity.
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King and Caldwell (48), in 1929, state that individuals with
lowered resistance who drink Brucella infected raw milk may develop
agglutinins in their blood either with or without manifestations
of clinical symptoms of Undulant Fever. He concludes that the
presence of Abortus agglutinins.ﬁnhuman serum is evidence of ihfebtion
with Brucella Abortus and says that these agglutinins may persist in
the blood for months or years after recavery of the patient.

Dustin (19) in anarticle published in Mey 1957 refers to Hardy's
(36) division of cases acomding to the duretisn: and severity‘ﬂf
their symptoms,., There are four gﬂéﬁps which are as follows:

Group I - Fatal cases - He isolated sius‘variety from the

the threé fatal cases and from one of them the
abortus variety also.

Group II —‘Sevefe or moderately sever cases - includes 28

cases, 2% of which were caused by suis and 5 by
abortus

Group IIT - Mild cases - 7 cases in this'group, 4 were eaused

by smks and 3 by abortus.

Group IV - Ambulatory cases - 8 cases - 3 caused by Suis

and 5 by abortus..

Méyei and Eddie (57), in July 1929, said that final conclusions
concerning the relationship of the varieties of Brucella to human
.Evinfection in this country could not be drawn. They thought then
that Brucella melitensis variety abortus bovinus was the causative

organism in a fairly large percentage of cases.
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Traum (71), writing in October 1929, points out that evidence
has accumulated since 1924 that proves the goat is not the singie
animal responsible fér Undulant Fever in man.but‘thaf the cow and
the hog must also se considered as sources of this infection. He
says that infection with all three varieties have been found in man.
He points out also that the variety identified does not neeessarily
identify the source of infection. Infections of all three varieties
have been reported in cattle. Of 96 strains isolated from cattle
86 were bovine, 8 were suis and the balance of 2 were of the variety
melitensis. | o

Fleischner andlothers (274) gxperi@ented'on the péthogenicity
of Brucella Abortus and melitensis. They proved them pathogenic
for genkeys-énﬁ’ébserve that melitensis is far more invasive than
gﬁuaéll&flbaﬁﬁﬁg_ These experiments show that one or two feedings
of one-one thousandths of the amount nécessary to cause an infection
with.abortus is sufficient to parasitiée a monkey With melitensis
variety. |

Hardy (33), in 1929, revealed with caution that he felt that
. cattle were the chief éource-of infection in the United States.

Immugitx - Regarding this phase of Undulant Fever little is
definitely known. I have already referred to it in.fhe‘ccmparative
freedom of children from Undulant Fever as well gs the fact that
the great majority of people exposed to Brucella do not show clinical
manifestations of the disease.

Jordon (45), in 1931, says that immunity probably plays a
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significant rele in the epidgmiology of Undulant Fever if bhe

judges from the large percentages showing "no agglﬁtination"‘in
:the various selegted groupé. ‘Some of those in this "no agglutinat-
ion" class havg come to have the negative reactions following in-
fection associated with disease; a larger number apparently follow-
ing infection without diéease, others show no agglutination even
though exposed to infection. He asks - are there other factors
zontroling this,for instence, matural immunity in children and

oﬁher age groups. |

| Coéiedge (18), in 1916, says they had no proof of the patho-
genicitf for min of Bruceiia Abortué. He said it was possiﬁle to
devéloplantibodies in blood serum of adults'®r Brucella Abortus by
feeding‘amilk cpntaining the‘organism ; as well as, Brucella‘Abdrtus
éntibodies. He thought these antibodies represented a passive
immunity derived from'ahsdrptiqn in the large intestine of the anti-
bodies already present in the infected‘miik.

There has been much work and many articles published on the
bacteriology and immnniologiéal aspects of Brucellosis but they are
studies in themselves so I only barely refer to them as I try to
limit mysélf to the problam of Undulant Fever as an occupational
diseasé.‘ I believe that immunity must play an impqrtant role else
the incidence of the disease would be much greater since the pos-
sibility of infection is widespread and‘pbbant. Whét the factors

are that control this immunity are not as yet understandable.
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Seurce of Infection - In considering the source of infection
of human cases of ﬁndulant Fever we can follow Smith (63) in his
division of the possibilities into two groups - those without,
and those with direct contact with livestock and carcasses. The
first group has for its source dairy products that contain the in—‘
fective organism. The second group includes the possibilities of
the organism causing human iﬁfecticn,by exposing an individual
. through direct contact with excreta of live animals or of handling
. the.carcasses and meat of dead animals.

There is no‘qusstioﬁ now as to the existence of Brucella organ-
isms in cattle, hogs and goats, other domestic animals have also
been sugges#ed as containing the orgenism. The variety of Brucella
present in infected animals is not specific as has already been
mentioned in this paper dnce cattle are suscepﬁable to the suis and
melitensis varieties, as well as the bovine. It does make a dif-
ference which variety infects a human as there is evidence which
shows a different degree of virulence for man of these varieties.
Melitensis and Suis show the greatest virulence while the bovine
type is more variable, » |

In tﬁis paper I tﬁink it is possible to consider the sourse
of infection which can be divided inté two main groups; ﬁilk borne
infeétion, or infection by direct contact.

Again referring to Hasseltine (38) for hié classification
of Undulant Fever céses into three groups; (1)- the Milk Group,

(those having little or no contact with livestock; (2) the Meat
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Group (those having contact with liyestock or carcasses in the

meat packing industries); (3)- the Farm Group (those having contact
with livestock on the farm). This grouping is the most practiéai
and should be born in mind in considering the source of infection.

Milk Borne Lnfectign,— In considering this group I have made
no attempt to differentiate, the degree of.virﬁlince or even which
variety is the etiologic agenﬁ, What I ém interestad in mainly is
how the organism gained entrance to its human host.

Hnddleson (43) in considering the source of infectionm, quespions
why there are not mofe cases of this disease in the United States
if raw milk was the source of the infection. He -answers this
question two ways; first- When Brucella Abortus is found in milk
it is pfesent in concentrations of about 500 per cubic céﬂimeter,.
_ﬁut,during the drying up period 6f the udder on cows it.is found
in milliohs per cubic centimeter. Probably it is during the latter'
time that most infections occur, Second - His second suggestidn is
that there are many unrecognized and subclinical cases.

Another factor is suggested by Traum (71). He sdys that when
we consider the number of Brucella orgenisms in infected coy's milk
is as a rule small, and that this is usually mixed with milk from
non-infected cows and is thereby greatly diluted we must also re-
member that even in the rare susceptable individual, epidemological
studies indicate that large numbers of organisms are required to
induce Undulant Fever.

A few of the things that must be considered before raw milk
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should be blamed for causing Undulsnt Fever are listed in Bulletin
© #50, published by the California State Department of Public Health.
They list these feéuiremén;sa |
1. Shedding of Brucella into the milk must bevproved by
laburatqryldata. ,
2. The extent of the infection in the milk herd should be
- détéemined by agglutination tests.
5. Positive results from a direct inoculation of Guinea Pigs
rwith,gentrifugalized'specimens of‘poo1ed £aw milk.
4. History of Pevent abortions 1n"thefh§rgt o
5. History of fecentiuse of live aborius organisms for
'#A;dnuming the herd. ‘ o
According to Stone and Bogen (65), writing in 1955, ingestion
of raw milk obtaineé from cows infecied with contagious abortion
and showing positive agglutinins to Bricella Abortus in thbir blood,
is responsible for'the‘dev@lopment of éiﬁil&r agglutiﬁins in the
blood of consumsrs. This has been found to occur in about 8% o6f
those continuously exposed to the ingestién of heavily infected
rew milk, but varies with the duration of exposure, the amount bf
infection in the herd and, the amount Of faw milk consumed.

" hn article by Gordon (;5), in iQSl,fpresentsvsoma éiatisti&s
lOn the sourcé and contact of répresentative grcﬁps of population
in Iowa, He says that 80% of £he,general ﬁopﬁiation group have no
contact with livestock and therefore, that the agglutining found

ig‘this group are derived largely from the use of raw dairy products.
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‘He also says thﬁt‘inﬂectian with Brucella Mclitensis and disease
due to ingestion of raw.dairywpraducts frdm.infected animals seemed
to be largely dependent on the amount consumed, -the duration of
exposure and the number of organisms ingested.

In studying the elimination of Brucella Abortus in cow's milk
Redvers Thompson (68) says the presence of Brucella Abortus in
cows was first reported through the United States Buréau of Animal
Industry in 1894 by Theobald Smith, who called attention to some
experiments by E. C. Shroeder 1n which he described a peculiar
lesion in ghinea pigs caused by intra—abdominal'injéction of
mi;ﬁ,-and he warned against comfusion with tuberculosis. Thompson,
in general,’suppgrté milk as the main source of Undulant Fever in-
fection and he feels the data he presents further demonstraﬁes
‘that Brucella Abortus may be constantly eliminated with the milk
of cows classified as "healthy carriers". '

Theordore Thompson (69) of England; in.1928, wrote that of
‘the domesticated animals the cow éppears to be the'meaﬁs of trans-
mitﬁing the infection to man in England. Trensmission via goat's
milk in England has not been provéd."

Cornell end De Young (14), in 1929, point out that groups of
persons in comstant contact with bovine disease and drinking raw
milk from such animals for many years have not developed the diéeése;

Dooley (18) reports am "epidemic" of Undulant Fever where he
found the group considered to be using infected raw milk....."of

some 300 adolescent boys and adults using this milk 41% showed serum

/
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agglutinins for Brucella Abortus in dilutions over 1 to 20",
Several cows of the dairy involved were found to have positive’
sera and some of fhese were shedding virulant orgaﬁis&évin their
An outbreak of Undulant Fever was traced to an infected milk
supnly by Hasselﬁine and Knight (38) in 1931, Six cases of Undulant
'beer occurred in a town of 558?‘populatioﬁ between Septemﬁer, 1930
| and January, 1951, Ai!ll six of these cases used milk‘from»the same
daiiy. _A 1arge'proportion of the cows in this dairy herd gave
laboratory §vidence of Brucella infection, and the oxg&pism was
reéémered from the milk of some of them. Pastemrization of this
milk, even with the infected animals remaining in the milk line,
resulted i; cessation of cases among the consumers of this milk.
Strauss and others (64) report five cases that showed direct
contact to be impossible but that all of these cases could have
- gotten ﬂhdﬁlant Fever via raw milk., Three of these cages in
particulai showed strang evidence favoring raw milk as the source.
In a report hyﬂiissmaﬁ (73), in June, 1937, is an analysis of
individuals associated with a tuberculosis sanitarium, ihere the
diagnosis might be questioned. There were 243 patients and employecs
whose blood contained agglutinins for Brucella in titers varying
from 1 to 15 to 1 to 405. These people had been fed in part by
raw milk, This cheék—ﬁp was done in 1930, In 1932, having in the
mean time'enforéed pastenrization of all milk, they again checked

thé serum agglutinins for 312 individuals with the result that
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‘"gll were found to be negative in titers ranging from 1-25 to
1-200. Included in this gréup were 23 patients>férmerly positive
ﬁ;....éﬁnélusions are obvious - Pasteurization is effective in the
| pre%ention of infection by milk from cows with contagious abortion.”
Redver Thompson (67) in July 1933 reports that Brucella Abortus
is transmiséable from naturally infected milk or cream to ice cream
and remains viable in this product when held at temperatures below r
the freezing point for a period of at least one month, In ice
cresm made from ordinary umpasteurizeéd, special, or certified
milk may constitute a mode of transmission of Brucella Abortus
from the bovine to the human,
Giordano and Sesenick (31) wrote in 1930 what is also true
today. They said that while the modes of infection are variable,

accxrence of the disease following the ingestion of milk containing

* Huddleson, Evans, Kern, Simpson andvothers, leaves no doubt as to
the possibility 6f infection from milk, |

In regard to certified milk there are several articles and
references.

Cornell snd De Young (14), in 1929, say that in spite of all
_ the precautions taken by certified milk producers, this product

can not,-at present, be eliminated as a possible source of infection

- to Undulant Fever.,

Not until July 1930 according to Meyer (56) did California

authorities require certified dairies to have only animals free
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from Brucella Abortus infection.

It might be interesting to list the requirements of Certifica-

tion of Cattle that were suggested by Norton and Pless (59) in 1930,

N

'They recommend:

1.

3.

A blood serum agglutination test with a Brucella Abortus
antigén on

(a) all pfoducing cows - twice a year.

(b) on all cows 15 to 30 days after freshening.

Semples of milk from each quarter of the udder are taken
separately from all cows giving a‘positive reaction in
blood serum dilutions of 1 to 100 or higher.

Animals showing any agglutinins in the milk serum from any
guarter of the udder are immediatelj excluded from the pro-
ducing herd.

Animels excluded are re-tested one month- later and if still

positive are isoclated from the certified barms.

Huddleson and Orr (41), writing in October, 1937 report sixteen

cases of Undulant Fever, all of which had been using unpasteurized

milk.

In nine of the cases there was evidence of contagious abortion

- in the milk source. Two.cases could give no information as to the

milk source and the remaining five had not been completely investi-

gated. They conclude that raw milk from infected cows "is the

egsential déﬁse of Undulant Fever iniman, at lest in Michigan'.

In Denmark the percentage of cases, as to their source, is

40% from milk and 60% from contact, according to.Madsen who is re-
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ferred to by Hasseltine (38). In the contact group he adds the
remark that some of this group had bean using milk from the infacted
cattle also.

Away back in 1913 Schrodder (61) warned that infants who must
be fed artificiaily by cow'!s milk or milk of a foreign sPeéies,
should receive properly certifiéd,iboiled or pasteurized milk to
guard against Undulant Fever. |

.‘Alice Evans (21) reporting twenty cases in 1927 lists their
possible source of infection, Eight cases were nﬁvdke&f on this
point but in the twelve left, six gave a definite story of contact
pbssibilities; and six gave raw milk as possible source with no
possibility of contact. |

In 1929 Dr. Walter Simpson (62), reporting on 63 cases in and
about Daytén, Ohio, says that in every case where a source could
be established - "the disease occurred in thosg,persqns who drank
faw milk or ate unpasteurized dairy products". There appears to
be no etiologic factor other than the ingestion of raw milk and
unpasteurized dairy products in these cases,

Dr; J. C. Ruddock of Los Angeles commenting on Bierring's (9)
article reports that in 31 proved cases in Gélifornia, 90% of these
- cases showed the use of raw miik from dairys in which there was an
“active infection of contagious abcrtion&améng the milk cows—————
Ruddock S8YS.e.ee.."From observations it is evident that raw milk
is on trial as one of the etiologic factors in this disease, and

that this disease is a real economic factor that affects us all."



The information mentioned above is all in support of raw milk
as ﬁ source of Undulant Fever in men. I believe the evidence supports
that comclusion and there is no controversy on this point. However,
it is not the only possible source of infection. Infection by con-
tact with infected materials from animals is also a possibility and
which, if either, plays the dominant role? The neit part of this
paper poi;ts out evidence in support of Direct Contact.

Dirégt Contact - There are numerous references to bhe possibil-
ity of this factor and there is’quite a little evidence to support
it. I have read all articles makiﬁg reference ta Direct Contact
and'will,attempt‘tc present the evidence,

Herdy (32), in a report of September, 1928, said that the modes
of transfer of Brucella from the infected animal to man is a matter
of great iméortance. In cases where there had besen . mno direct contact
with livestock, evidence suggests that the organism was transmitted
through raw milk or cream. It may be accepted also that, in the case
of packing house workers, the organism was acquired either from in-
fected meat or the excreta and gained entrance through the injuired
or broken skin, or by way of the digesﬁive tract. The cases con-
tracted by workers in packing houses require specisl attention.

He says that in these cases it is clearly.an occupational disease
and to gain compensation, for time losses of 1 to 5 months on the
average of cases observed, it must be recognized that Undulant Fever
among this group is an occupational disease.

Simpson (82), in 1929, reporting 63 cases, says that while the
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great majority of cases of Undulant Fever have resulted from the
ingestion of unpasteurized milk and dairy products, the disease also
affects packing house workers, meat handlers, farmers and veterin-
arians as a result of direct comtact with animal tissues infected
with Brucella. | | .

~ In support of the importance of infection by contact Hardy (33)
reveals that in his study of Iowa cases he has been impresséd by
tha‘frequency of infection of farm males as‘against farm women; the
ratio being 9 to 1. This observatién led him and others to believe
that the skin might be & portal of entry. In experiments in Guinea
Pigs te prove this point, they found that guinea pigs become infected
four times.as often via skin infection as by feeding. Dosage has
a great deal to do with whether infectiom will be.acquired. They
then stﬁdied a group of packing house employees-217 blqodaserums
- were obtained- 29 or 14% reaetadgte the agglutination tést in a
~ titer of over 1 to 80; the proportion infected varied in proportion
to the intimacy of the contact with infected tissues. Lesé'than |
half Qf those giving laboratory evidence of infection gavé any
history of Undulant Fever and only three had had clinical diagnosis.
They cancluded that tﬁe skin, aé 8 portal of entry for Brucella,
must be given more consideration. |

In a later article Hardy (55) published in August, 1956,’he;says

that he has demomstrated further the Significance of direét contact
with livestock and carcasses. “Ié&a and surrounding states havé a

)

demonstrably higher incidence of Undulant Fever than do other areas.
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Limited evidence undicates that the porcine type of infection is
largely limited to these states and accounts for the unusual in-
cidence. vThe porcine type was found in 87*out 6f 147 cases."
The Towa cases involve adult males most heavily; The comperative
high rates for men on farms and. for pecking house workers suggest
the risk in occupations involving direct conéédt with livéétock
and fresh neéts. The Similérity in rates of incidence among
women on farms and among othér adults noﬁ having occupational con~
tact, is added evidence that farm womeﬁsacquire infection éhiefly
th:oughrtheluSe of infected réw dairy.éroducts the same as does
‘the general population. He says further that he believes that in-
occulation thfbggh‘phewskin not infrequently follows direct contact
with discharges of living animals, including products of abortion
and ‘sapecislly -through the tissues of those recently sleughtered.
Bierriﬁg (8), in 1929, decides - "Undulant Fever Ean, with
propriety, be classea éé anroccupaﬁion~disease in Ioﬁd’ﬁecause of
" the lsokgases in his series , 108 included farmers, farmers wives,
members of farm families, dairy men, stock buyers, and»packing
house employees. The vocations involved suggest that céntact with
animals; particularily cattle and hogs, is a praminént factor.
"Drinking of rew milk is given special mention in a considerable
number of cases, yet the relatively slight number of infections in
childred, the\lérgest users of milk, precludes its general acceptance
of its etiological factor." He says the incraasing number of buichers,

pig~-killers, and packing house employees becoming infected furnishes
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sbrong eviﬂence thatfgkin-eontact is a very probable portal of entry.

~ Axel Thompson (70), in an article published October, 1950,
triedjib'cerrelaté occupation and“serelegic reéctiqns for Brucella
Abe:tus'and«f&mﬁe 272 persons whose occupétﬂnnsbring them into con-
tact wiﬁh.cattlezwere examined serclogically for agglutinins-and
compliment-fixing bodles for Brucella Abortus. A control group of
61 healthy, nbn—iebriie persons showed no reactions. In the 272
cases, 65 veterinariaﬁs in rural practice ﬁ&i one year'or morenwere _
included and 61 or ‘94% showed positive reactions. Complement fix-
ation tests were positive much more éftan than the agglutination
reactions. |

An entire class of young veterinarians, tested before gradu-
ating showed no reaction. Another entire class of 18 tested five
months after graduation showed that of these 18, 15 gave reactions
in titers equal tothose in cases of Undulant Fever but only one
had clinical Undulant Fever. A third class of 12 examined about
- one year after graduation gave siﬁilar findings, and also showed
that those';ho were not in contact with cattle gave no reactions.
A grouélof 16 Bacteriologists, ﬁcrking with Brucella, had

10 or 65% positive Teactions. In 21 cattle attendants on farms,
-l3§eri32$§g€§§ positive reactons. -In 25 minor farm employees doing
’soma work with cattle, 6 or 24%, gave positive results; In 23 farm
owners 9 op 39% were positive; from 20 milk meids on similar farms
only 1 showed a positiie }e&ction; no reaétions were noted among

10 milk testers of large Copenhagen dairies; 5 or 20% of 25 butchers
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‘gave positive reactions; from 12 inspecting veterinarians working -

in slaughter houses 4 or 33% gave positive reactions. |
From these observations Thompson (70) concludes that contact

with inf'e.etedﬁ sick animals is primarily responsible for the incidence

among this group. He warns that interpretation of positive rsgults

‘in diagnostic serologic tesis for Brucellas among those in occupations

éannseted with cattlegnor;withyBrucella, should be made with cére,

sinee the serums of healthy persons thus employed may also give

. positive reactions.

Gordon (45), in 1931 says that veterinarians show agglutinins
for Brucella in definitely higher ratios than does the general popu-
lation, owing chiefly to their H.cxmtacts with cattle, but the titers
do not tend ’é.o_ 'reaéh«higher diiutions, ordinarilly indicative of
high infection, owing possibly to an acquired immunity. He seys '
infection uith Brucella and manifest &}iées.se due ﬁo direct contact
are in direct proportion to exposure; this is seen in workers-in
packing houses who exemplify direct contact with swine and cattle.
In this article he ‘gi.{res some figures on thé ‘;’Lnaidence of Brucella
infection in the animals. He collected blood specimens of 343 hogs
by picking every tenth animal from a total of 3500 killed in a single
days operation, He foudd 64 or 18% of the s;;ecimens agglutinated
Brucella in titers .of 1 to 40, and tén or 3% agglutinatgd,, at from
1/80 to 1/320. - |

Heathmen (40) studied a group of packing plant employees, all
from 5 packing plants, 1096 all told. Among the combined force of
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four of these plants a number of frank and suspected caseé of
Undulent Fever had occurred. Intra-dermal and agglutination tests
~were carried out on representative groups in the various depértmsnts.
The result ix the skin reactions were invariably | of the delayed type.
The degree of intensity of the allergic phenomena, as well as the
number of men in an éllergic condition, was found to vary'greatlyi

in the differént groups, but in gemeral the incidence of the &lle#gic
state defiﬁitely inéreased with the length of servicevwhile the
agglutinins declined. He suggests that the development of the

" allergic state ;s due to long continued exposure to small doses of
oréanisua of a low degree of virulence, In a group of workers who
had no contact with animals or animal prédueté the incidence of '
aéglhtiniﬂs was far lowér (1.3%)_than has been reported by the major-
| ity of writers fo; general pbpulation groups .

Messer (55), in 1932, reports three cases of subclinical Un-
dulant Fever giving a ﬁiatory of contact with cattle having had
abortus infection; Agglutination tests wefe'positive for two of
them in a titer of1/50,.and positive for the other one at 1/125.,
None of these three were ill at the time of the investigation nor
did their history point to any previous illness suggesting Undulant
Fever. He believes these cases belong to the large subclinical
group which is fairly well established.

G&ge=and Gregory (28) report a single case in 1926 of a patient
employed for five years prior to their observations, in the hog
killing départmsnt of a packing plant. This case reached the Civil
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; Service Commission because of the question of occupational disease.
The decision was at ﬁirs§ against the possibility 6f infection as
the result éf‘émployment. Their comment added that it would be
~interesting to see the declsion if heard by a Workman's Compensa-
tion Commission. The authors think this case was an occupational
disease. i

Huddleson (48) reports three cases of laboratory workers with
~ Brucella who happened also to be using raw milk from a single dairy.
‘This milk proved stongly positive, on culture, for Brucella Abortus.
He lists three possible avenues of infectionvﬂor those three cases,
but éeems to prefer the first. | |

1. Laboratory work‘with‘B;ucella

2. Ingéstion ofkrawrcew's milk,

3. JIngestion of raw goat's milk (this was ruled out definitely)

Hardy (33) points out that as a rule the organisms are present
in cow's milk in relatively small numbers but at\certain‘periods
are presént in vast numbers in the wvaginal discharges. Contact
~ with infected enimals must frequently result in contamination of
the hands and this followed by direct entrance of the organism |
through the skin has not been given due consideration in the study
éf the trensmission of this disease éccording to him,

Two unusual but possible sources of infection are mentioned
by oﬁher authors.
~ Cornell and De Youhg (14), in 1929, suggest the possibiliiy

of infection via uncooked meat and other products used in sausage

as a route from pigs and cattle to humans.
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| Hasseltine (38) quotes Madsen who suggests that there is a
possibility of the transmission of Undulant Fever from one human
case to another in the course of an obstetrical praétice, and also
that since Brucella has been cultured from human feces the trans-—
mission from this source is very possible.

In only one place in the available articles was any reference
made as to the mode of transfer of Brucella among cattle. This one
was by Meyer and Eddie (57) who concur with meny others in the
opinion that the disease (Brucella Abortus) is transmitted from
one cow to another by the bull via seminal route.

Dustin (19), writing in May, 1937, makes the observations
which more or less summarize the possibilities of‘modes of infections
and sources of them in humans. He says a study of large groups of
" cases of Brucellosis would indicate that the drinking of milk from
infected herds is a relatively minor source of infeétion. Apparently
_the. disease is much more frequently acquired by contamination of the
abraided skin with blood and excreta from infected animals. Cows,
goats, sheep and hogs are known to excrete the organisms from the
genitals as well as in milk. Thus there are many sources for easy
infection among persons handling domestic animals, He also mentiohé
that elimination of Brucella in human urine for periods as long as
two years after onset of infection makes it a pOSSible source. ' -,
Humans have been found to eliminate Brucella in milk and -1t also
has been isolated from their gall—biadders.~He thinks urine is the

" chief source of elinimation of Brucella in man.
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The portal of entry may be the alimentary tract or any mucus
membrane as it has been demonstrated that Brucellé can penetrate
normalvﬂhcus menbranes of the nose, eye and genitb*-urinary tracts
of man. He thinks skin abrasions are a common means of entry,even
unabraided skin may allow the entrance of Brucella. |

SUMMARY

All that can be said in summarizing this paper is to briefly
point out the important points in the diagnosis of Brucellosis and
ﬁo list the observations that can be derived from the Qarious
articles in regard to the source of infection with the Brucella
organism.

I believe that is possible to conclude from the material pre-
sented that thé diagnosis of Brucellosis is dependent on a proper
analysis and correlation of both clihical and laboratory findings,
The. clinical observations include the main symptems of féver, chills,
sweating, arthralgia snd loss of weight, and sometimes splenic en-
largement; and the laboratory findings to be considered include
(1) the white blood count, which usually, in Brucellosis, shows a
leucopenia with a relative lymphocytosis, (2) blood culture- if the
laboratory set up is available a positive finding in this test is
unquestionable but a negative finding does not entirely over rule
a diagnoéis, (3) the agglutination test - this is the most practicle
test as well as being the most avdilable to practicing physicians.

, ﬁhile it is 85% accurate its reasult must be interpreted with caution.
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The titer at which a positive reaction ﬁust occur can not, with
present knowledge, beAarbitbérily'establiShed for reasons indicated
in the previous pages.

A positive diagnosis of Brucellosis rests on the presence of
the clinical syndroﬁe plus the support.of the laboratory findings.

The observations brought out in the previous- pages shows ev-
idence to support the various possible sources of infection of
humens with the Brucella organism. No definite conclusions can
be drawn as to the relative importance of the various avenues of
infection. It can be said that there are two main avenues - (1)
raw dairy products and (2) direct contact with livestock and their
excretions either in the.handling of 1iv§ animals or of animal
producté in the meat packing industries.

Definite proof has been listed supporting both of the above
routes. In selected cases, if the dairy product source could be
positively over ruled, and direct contact could be demonstrated,
then there is little question as to the source. If the qdestion
should arise as tc whether a case of Brucellosis is an occupational
disease, if these conditions existed, I believe it would be possible
to conclude that infection was derived from direct contact. In trac-
ing the source’of infection with these organisms, however, one must

always consider dairy products.
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