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1.

INTRODUCTION

Althcuch contagious abortion cof cattle
and other animals has long been kncwn to be a serious
econcmic problem, and the possibility of human infections
with the causal crganism has been long in the minds of
investigators, it is less than fifteen years ago since
the first human case of infection with this crganism

was recognizede

The dJdisease of rman contracted from cattle
and hogs is indistinguishable clinically from that pre=-
valent in lMediterranean ccuntries, and known as Undulant
Fevere. In llediterranean ccuntries it 1s contracted
from goats by consuming infected millk or cheese, or by
handlin< infected goats or infected goat meat, or from
contaminated soil or duste In this country, althcugh
the animal host is not the same, the same channels for

the transmission of the disease from animal to man are

to be expectede



HISTORY

Malta fever has heen known to the people of
the liediterranean basin for many centuries, and if the
cases of protracted fever described by Hippocrates refer,
as 1s possible, to Undulant Fever, it may be said that
the condl tion was already !mown as lon; as 400 BeCe, and
perhaps earlier. At the end of tﬁe 18th century attention
was drawn to the lerge number ol cases occuring in lalta,
and the name lalta Fever was applied at that time.

llarson (35) who suffered from the fever himself
was the first author to give an accurate descrintion
of it in 1859« He differentiated it clinically and patho-
logically from both typhus and typhoid, and suggested that
it should be called either "lledlterranean remittent" or
"gastric remittent" fevere

slany end various were the opinions held by
observers as to the etioloslcal factors in the production
orl malta Fever, but nothing more definite was discovered
uhtil 1886, when Bruce isolated the organism from the
blood and spleen of soldiers dyinc from the cdiscasee He
called this organism iilcroccoccus melitensis and succeeded
in reprod.cing the disease in rcnkeys by inoculating pure

cultures of the organisms.

2e

The modern era in the histcry op abortion disease



~egan with the discovery of the causative organism in
cattle, by Bang, in 1897 This organism he called the
Zacillus abortus of Bange

The link lacking in the information regarding
the relationdhip of the two cdiseases hegen to take form
when in 1918 Alice Bvans revealed the fact that Brucella
abortus and Brucella melitensis were very closely related,
in fact, indistinguishable culturally and mcrphclogically,
and the only means of differentiation being melitensis
serum agglutinating Brucella nelitensis in hicgher dilutions
than Brucella cbortuse Decause of the close relationship
of the two organisms, Drucella melitensis, variety meli-
tensis, end Eruveslla melitensis, variety abortus, Alice
Evans suggested the vpossibility of human infection with

the abertus strain Trom hovine sacircese

In 1904 (35) a commission was sent ocut by the
sritish admirelty and Var office to study the disease in
llalta in cooperation with the Civil goverrwment of the
islande This boay sat until 1907 ond “ssued an exhaustive

R&PORT on winich all present ideas of Undulant Pevef was basede
Anmong other points 1t elucldated the fact that the germ
leaves through the medium of the urine and that it continues
to live some ceonsiderable time after evacuation: that
Brucella melitensis may freauiently be found in the blood

of apparently hecalthy goats and that in such cases the
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mllk of the goat agg;lutinates the organism, and that
infected coats, whose milk is able to transmit the fever
to man suffer no inconvenience from the presence of the
germ in their bloods. Iuch of this knowledge 1s due to
Dasseti-5Smith, one of the leading investigators cf the
Commissione

In 1905 (56) the steamship Joshua liicholson
brought 61 milch goats and 4 billy goats from the island
of Malta to this ccuntry intc whiich they were belng intro-
duced on account of their fleccee il1lk was used by the
crew during the voyage anc a number suffered from f{ebrile
attacks identical with those of lialta Ievere

The filrst case orf Undulant Fever in the Unilted
States was reported by Craig (11l) in 1905 In 1911, 12
cases occurring in southwest Texas, along the Rio Grand
river, were reportede All the patients had consumed
raw goat milke

In 1912 (17) 5 cases were reported from Prescott,
Arizoenaes During the following 10 years scattered cases
of Undulant Fever appeared in the southweste In 1922 a
severe epidemic broke cut in Phoenix,Arizona, 83 known
cases being reportede There was undoubtedly more since
thhe infected milk was sold at soda fountains and it was

impossible to trace all nurchaserse.



Althcugh the cases which have been reported
from the southwest had hecome Infected from goats, it
is thought that thoe disease existed among the cabblo
25 years ago under the nare of "Rio Grande" or "Mountain®
fevers

In 1921 (3 ) Bevan reported scre cases of
Undulant Tever in patients in whom the only means of
infectlien was contact with infectéd cattles

In 1924 (38) Ksefer of Baltimore reported a
case cf human infection by Yrucella melitensis, variety
abortus, in the United Statese The patient was a labora-
tory assistant who made frequent visits to the slaughter
house for histclogical materiale He had alsc been drinking
raw cow's nilk =snd an organism that answered all agglutine
ative criteria of Drucella melitensis, variety abortus,
was isolated from .iis blocd and 'winee At about the
same time De Korte recognized a case in South Africas
a man infected while attending an aborting coﬁ.

The following year, 1925, Alice Lvans (15)
of the United States Public Health Service, reported
further work on the laborstory phase of the subject, and.
in 1927 gave brief histories of 20 cases which had
occurred in the United States. She had sn opportunity
to perform agslutination tests and blood cultures on all

of tlese casese
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Since then numerous Instances of infection
from Lovine socurces have been recognized in various parts
of the‘world. In this country wmany cases 'ave been
recognized and reported, and particularly the last 2
years it is being recongized in nearly.all parts of
the country as onc of the common diseases which must

be considered in cases of prolonged illnesse The wide-

spread use of raw nmilk from infected cattle makes it cone

ceivable that tre disease will probably reach eﬁﬁdemic,

and at times,epidemic propcrtions in this countrye

Ge
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SPREAD OI'" THE INFECTION

The ncrmal habitat of the Brucella or ganisms
in the non-pregnant cow is in the ndder, where it does
not produce harrmful resultse Tt Is the habitat provided
by nature for perpetuation of the infection during those
intervals when condl tions are unfavorable for growth of
the hacteria in the uterus, which is the ncrmal habitat
for the corganisms in the pregnant cows
Smith (46) states the invasion of the udder

by Erucella abortus reans its presence and multiplication
ih the milk in the acini and ducts, and not the connective
tissuee This he has shown by sections of udders of known-
infected cowse Andrews (1) s also prdved this by experi=~
mental subcutancous incculation o. cows with living Irucella
abortuse.

Carpenter and Boak (6) in histological studies
of udders in 15 cases found degeneration anc desquamation
of the parenchyma, and cell exudation into the acini of
the gland, the degree depending on the acuteness of the
Processe

de

Sc 1t can be seen that the predilection of this
organism for glandular tissue facilitates itSperpetuation
in man thru a wedium that serves as man's best foode

Thompson (40) examined the =ilk of ten high

producing cows which never manifested clinical symptoms
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¢l infectious ahortion but whose bloocd serum serum showed
agglutinins for Brucella abortus in dilutions of from
1:50 to 1:500, at intervals of 30 days over an entire
lactation period, =nd results demcnstrate thet Brucella
abertus may be constantiy clirinated with the milk of
cows classified as "healthy carriers."”

The age distribution of persons who contract
Undulant Fever is widee In their series of cases, Huddle-
son and Orr (31), the age range was 9 to 63, the average
being hetween 30 snd 40e They fcund wmore farmers than

individuals of any other occupation or profession.

LHCLDENGC, DY Gy AT SEX of 463 CASLS - HaSSELTINE(R9)

Age group lales Fermles - Total
below 5 years S 2 5
b=9 years 5 3 8
10-14 17 6 23
15«19 28 6 54
20=24 48 7 55
25-29 42 15 57
5034 35 14 49
25=39 60 11 71
40-44 42 16 58
45=49 26 7 33
50«54 ' 20 11 31
55-59 4 9 13
©0=6 4 ' 7 5 12
65-69 3 5 8
70 snd cver 2 4 6



Scme rather extensive work has been done by

, Cameron (5) on the viability of the Brucella organisme

He found that ths organism lived 4 1/2 hours when exposec.
to direct sunlight, 5 days when dried in burlaep sacking

en the laboratory table,37 days in soil that dried slowly
in test tubes in the labarateory cuphoard, 66 days after
having been in wet scil stored in an unhested cellar, 4
days in normal bovine urine at room temperature, 120 days
in bovine feces in the lavor:tory and dried slcwly, 77
deys in the presence cf jutrefaction, 77 days in tap water
which was sterllized hefore the organlism was iantrcdauced

and kept at room temperature, 114 days in tap water, at

/O

Ce

S5ince the organism L1s so resistant to drying
1t would seem that infecticn could be spread very easily
by dust which is prevalent in many barns.

In the 1light of present day knowledge of the
subject it appears that actual infections are out of all
proportions to the infection opportunitiese Ilan does not
recadily contract the disease and even 1f more or less
continually exposed iay cscape with sensitization only,
unless speclial secondary Tectors, as yet unknown, enter
into the cases lchlpine and lickle (36) submitted 10,157
sample s cf hwian sera to the agglutination reaction using

sacterium abortus as the antigene 0OFf this number apnroxie

Oe
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¢ately O«6 percent gave rcactions up thrcugh the 1-100
dilutiones These results, obtalned in 2 state where pre-
liminary testing has shown at least 90 percent cf the
dairy herds to be infected with Brucella abortus and

.

approximately 60 percent of the milk only 1s pasteurized,
indicates that infection of man with the bovine tyne of
Srucella ahortus is relatively rare, »rovided any signi=-
cance caﬁ be attached to the agglutination test.

Stone a d Begen (47) feel thet the ingestion
of raw nilk obtained Irom cows infected with contaglous

abortion ana dicwing pcsitive tests for agglutinins to

Erucella aboertus in thelr blaeod, is respcnsible for the

development cof similer agglutinins in the blood in some

consumerse This has Tecn fcuna to ocecwr in about 8 percent
of those continuously exposed to the ingestion of heavily
infected raw milk, but varies with the duration of exposure,
the amocunt of infection in the herd, end the asmount of
raw milk so conswumede No particular sex or age suscepti=-
bility to this infection has been founde More than half
of the patients develoning ag/lutinins to Zrucella abertus
give no other manifestation of the infection and form a
purcly serological brucelliasise

Stone amdi “ogen (47) compiled the following
table showing the duration of exposure to raw milk and

titre developnient e



1l.

TCOTAL PLRCENT MAXINUM TITRES
- DURATION TOTAL T0SI- £0SI- 1/20 1/40 1780 17160 17320 1/640 1/1600
93 CASES TLIVES TIVL

LXPTUCURE

over 2 91 13 14 2 305 3 2 e .o
years

over 1 120 16 14 1 2 3 S 2 2 .o
year

6 mcnths 178 13 8 3 1 1 3 - 4 1
- 1 year :

employees 12 1 8 o0 ) Y 1 ) Y )

under 6 250 19 7 .1 6 3 6 3 .e .o
months ‘

during 203 4 2 1 e e 2 1 .. .o
stuay

TOT AL 854 66 8 12 10 2l 8 6 1
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Traum (52) esimated that approximately 20 percent
of our cows are affected with abortus infection, 30-50
percent of the anirals that react to the agglutination
test will eliminate this organism, or about 6-10 percent
of cur cattlee. Teake into consideration that the number
of Brucella organisms in infected cow's milk is, as a rule,
small, that this 1s greatly diluted with milks from non=
elimineting cows, and that even in the rare suscepncivle
individual, large number of orgeanisms must be present to
induce Undulant I'evere It can be said, I believe, that
raw milk can =e produced on a comuercial scale vhich will
not cause Undulant Fever in mane

The modes c¢f infection ‘of humans with the

~abortion disease of cattle are believed to be manirold,

however, it was not until the last 10 years that extensive
work has been dons along this lins with reference to means
of spread other than t' rcush mi;k. |
Hardy (24) differentiates the groups and includes
them under three headss
le Those without direct contact with livestock or
carcassess This group is made equally of males
and females and .persons of all ages, professional
and business mcn and studentse Infection is due
to the ingestion of milk cr dairy productse

Hasseltine (29), in his classification, calls this
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the liilk Groupe

2e Rural cases having direct contact with live=-
stocke This group includes farmers, their wives
and children, and veterinarianse Information
indicated the scurces were equally divided
hetween cattle and hogs - those. from caftle by
ingestion and from hogs by direct or indirect
contact, the portal of entry heing the skine

3e Urban cases hiaving direct contact with live=-
stock or carcassese This included packing house
employses and butcherse The organism isolated
was of the'suis variety, and seemed to confirm
enidemiological iwpreésions, which indicate that
contact with fresh tissues of diseased hogs not
infrequently results in infection, while similar
contact with the éarcasses of cattle 1is rarely

followed by Undulant Fevere

Cruickshank and barbouf (12) examined blood
sera of 112 cases = 71 nales and 41 femalese All worked
in byre or came in contact with animalse Ten showed
agglutination of Brucella abicrtus in dilution of serum
of 1:25 or highere He concluded that direct ccntact with
Infected cattle was more likely to cause agglutinin for-

riation, and presumably infection, among the human population
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than is the drinking of unsterilized infected cow'!s milke
ilany onapers have been published showing that
men employed in handling donestic eanimals show a higher
incidence of agglutinins for Drucella atortus than do
normal males (46)e Lverson, Poelma, Brucknea, and rickens
(19) attempted to show that there arc other important
channels by which the organism may gain entrance tc the
human body, for at cnevtime 1t was thought that the diges=
tive tract was the most vulnerable portal of entry for
this organlsnie
These foaur men found that the porcine had
greater power to penetrate the skin than the bovine
strain, however the bovine strain wasc more effective when
taken intc the digestive tracte The results are as follows:
le Feeding of porcine and bovine strains of Brucella
abortus resulted in infection in 4 of the 5 guinea
pilgs used in each groupe
2e¢ ATfter placing the bevine strain of Drucella abortus
in the eye, 7 out of 8 guinea pigs used became
infectede Or those pigs which rec.ived the porcine
strain, 4 of the 5 developed agslutinins for
Brucella abortuse
3¢ In the experiment in which wound exposure was eme=
ployed, all of the guinea pigs in the 2 groups

which received the bovine strain developed infectione
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4e¢ Infection was produced in 9 of 11 guinea pigs
which received the bovine strain of Brucella
abortus on scarified skine Nine pigs received
the porcine strain in the same manner and they
all bhecame infectede
5e¢ 4 total of 23 pigs received a drop of susnension
of bovine strain of DBrucella Abortus on the bald
spots back of the earses Only 1 became ihfected.
Lach of 22 guinea pigs likewise received a drop
of suspension of the porcine strain of Zrucella
abortus on the bald spcts of the eare Eleven
developed ag lutinins for Brucella abortus
antigene
6e All of the experimental animals exposed to
Brucella abortus in the nose, urethra,vagina,
and rectum became infectede
Their ccnclusions were ag followss The follow-
ing may serve as portals of entry in establishing infection
in'guinea pigs with the bovine and porcine strains of
Brucella abortus: rncuth, eye, nose,uretihra, vagina, rectum,
incisions, scarified and unabraded skine
Experimental Drucella infections have heen
produced 1n man (56)e Volunteers drank contaiminated
milk or were inoculated thrcugh the abraded or none

abraded skin with different strainse. Out cf 40 inoculated
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)y verious methods with various strains only 10 contracted
the infection. O0f these, 6 werc infected through the
abraded skin, snd 4 through the gastro-intestinal tract
Of the 6 infected through the abraded skin 3 were inoculated
with bovine strains, 2 with porcine strains and 1 with a
melitensis straine. Single dose nroduced infection in
these casese OUf the 4 cases infected through the gastro=
intestinal tract, 2 were inoculated with porcine strains,
1 with melitensis strain and 1 with Lovinse Two or more
doses were required to produce a milk case with a virulent
bovine straine. Irom these experiments it seems that
smaller doses are necessary to produce infection through
the abraded skin than through the gastro-intestinal tracte
Relatively large doses procduced infection throush abraded
skin with orgenisms that had been isolated for scme +time.
The se same organisms when fed repeatedly in large dcses
did not produce infectione

The mode of infection is fairly well agred upon
by observers and investigatorse. Contact with abcrting cr
abortus infected animals, and the consumption of raw milk
and milk products rIrom such wnirals are the most frequent
factors in the transmissidn of . the diseasee It is also
generally accepted that the specific crganisms may be taken
in through wounds and‘ébrasions=as well as through the

alimontary organse
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‘Hardy (25) states that transmission through
digry products ‘st be assumed, but that is 1s evident
that people working arcund stock are exposed more danger=
cusly than those using the dairy products, but not working
with stocke
licAlpine and Tickle (36) look upon millk and
milk-procducts as the probable sources of Undulant TFever
infection, but admit that it is difficult to explain the
condit ions which are necessary to lLring it aboute
Thet milk snd its by-products have furnished a
medium of transmission of the infection tc humens has bheen
investigated by many, howéver authoritative and conplete
infomation as to the.presence cf Brucella =2bortus in milk
products, is not yet available.

Carpenter and Boak (17) found that when butter
was inoculated with the crganism and stored at 8°C the
organism remained viable for 142 dayse <lhey alsc found
that Brucella abortus lived 2 months in cheese, especlally
roquefort, and in ice cream for a period ol at least 1
month when held at temperatures below the freezing pointe

Van der Hoeden (20) collected cream from cows
known to be shedding Zrucellsa abortuse. While still sweet
it was rmade into butter. Halfl of the butter was salted
(% percent) and half was ncte Drucella sbortus was iso-

lated frox the buttermilk, salted and unsalted butters
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Lerche in 19631 (46) found living Drucella
abortus in 1 cut of 4 samples of country butters

Carieu and Lafenetre (46) found an epidemic
was traced to cheese scld by a traveling vendor, for
it was possible to tell where he had been peddling his
wares by the result amcng his customerse

Thompson (49) arrived at conclusions similar
to Carpenter and boak, narely, Brucella atortus can remain
viahle in ice cream at temperatures below freezing-point
when made from naturally infected milke

Hasley (28) took samples of milk from each
quarter of the udder of 465 aninals in 5 certified herds
and exanined tlem bacteridlegically and seroloszically in
an effort to determine 1f animals which give negative
serolcgical tests excrete Lrucella aboftus in thelr milke
In this series cof animals Brucella abortus was not detected
in tbhe milk from amy snimal in which agglutinins were not

also found, and present in at least a 1-100 dilutione

Herd Noe of 11ilk negative Milk s owe 111k showing
animals for Trucella iag agrlut- agglutinins
abertus and inins & Lrucella
agglutinins abortus
A 36 32 4 3
B 83 74 9 4
C 76 71 5 3
D 220 219 1 0
B 50 50 0 0
765 y.v.r- o 0
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ilesser (%9) reports the agrlutination of the
serum of 3 of 4 healthy farm workerse On inquiry it was
found that (a) the thfee workers all belonged to the same
farm, (b) at the time the inguiry was made a cow was recove-
ering from 'picking call!, (c) sone years ago there was a
epidemic of avortion amongst the herd in which a great
number of cows abcecrte:, and, (d), all 3 workers had been
employed on the farm at and since that timee Hone of them
were 11l at the tiie of the investigation, nor was there
anythine in theilr recent niedical history to suggest a
condition which night have veen Undulaent l'evere

llesser ccncluded -the article by the following
statewents "It seéms reasonable to suppose that these

E .

3 cases exempllily the ncw fairly well estabvlished group
in which the presence of abortus aggzlutinins is to be
explained as a result of subclinical infection acquired

throcugh living in close contact with an infective envir-

onmente"
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The follcwing talle as compiled by Hardy,
Jordan and Derts (26) shows Undulant Fever in Iowa
by cccupatione
reported Cases
1927«1929 1930-1935 - Total
Noe Percent Noe Percent Noe Percent

Farmers, including 162 4448 260 41e3 442 4246
sons and rarm

labvorers
Viomen on farms 24 646 56 Be9 80 Bel
Jacking house &7 10.2 66 10«5 103 1044
craployees
Stock tuyers 5 led ) 0«5 8 Oe8
Zut chers 2 0e6 11 le7 13 13
Iousewlives (not a7 10.2 64 10e.2 101 1042
farmer's wives)
Students 18 5 55 5¢6 53  5ad
Children 19 = 5.2 16 2e5 45 3e25
Z“usiness perscns 58 16 118 18e8 176 1748
62 10040 629 10040 991 0040

The comparatively high rates for men on the

ferm anc the excessive ratces Ior packing house werkers
strongly emphasize bhe risk in occupations Invelving
direct cocntact with livestcck and fresh rcatse The
similarity in rates ariong; worien on farms and among other
acults not having occupational contact with livestecek is

-

added evidence that farm woimen acquire infection chiefly
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thrcugh the use ¢ raw dairy osroductse

The pasteurization of milk has been mentioned
as the most effective v...c %1 the prevention of the
spread ol Undulant Tever, and has been proposed as a

o« 1t was employed vy Gralam snc Lorrey

©

speclfic weasur

[95]

(23) in 5 difrferent types of pasteurizers and effectively
destfcved Drucella in 81 .11k samples.

Thelr work has stown that the results of heating
in the range o nasteurization tempercture sugpested ths
the number of Irucclls in milk influenced the trermal
death timee. Two strains of Brucella suis (500,000,000
per cce) were non-viable after 20 minutes ot 140°F. ,after
15 winutes at 142°F., =nd after 7 minutes at 144°F. If
- this work is correct, the pastcurization of all millk sold
should completely eliminate the spread of the Srucella
organisms by the milk rcute, as Alice HEvans (17) found
there are usually about 20 tb 440 organisig Der ccs., and

the hilicst she found was 145,000 pef cce




TRANSIHISSION (I BRUCLLLA INFECTIONS TC MAN (56)

Animal disease Human infection

Goats coilk - " Ingestion of raw
‘ dairy products

, Vaginal discharges handling raw
_ daily oroducts
] Tetanus

Cattle - : _
_ ¢, FPlacenta
Fresh tissue -- - - contact with
| skin and mucous
Hogs ~ Urine and Teces nicmbranes

Gay and his assoclates have complled the above
chart to express the channels in the spread of the animal
disease to the human.e

It is, however, quite doubtful that one can
determine with any degree ol certainty, that a Srucella
abcrtus found in man belongs to a »ig or a cow strain, and
hence, statcnents of this kind can e accepted only with
reservationse. iAs would be expected, direct contact with
abcrting animels or thelr body wastes 1s regarded as the
most ready means by which humens may infect themselvese
In pecple exposed tc scuch contact, like farmers, veterine
arians, eand¢ butchers, the disease can e regarded as an

occupational onee

22
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The ccnoensus c¢f opinion seems to support the
view tlet wherc direct contact infectibn can be eliminated,
the conswintion of raw nllk must be regarded as the prinecipal
means by which DBrucells ubcortus ic introduced into the human
bodye
On feruws, furthermore, contact infections are apt
to play & more promineut part in the spread of the diseasee
Most farm cases an: packing house cases could not possibly
henefit from pasteurizatione. The latter may be useful in
urban pcpulations, may find desultorj'application in rural
homes, but if an ﬁndulant Fever problem has at some time
to be solved, it could not be done by this methoad alones
Contact infection can be guarded against by
antisepsis on the part cf those wio have cccupational cont-

acts with abortus infected cnimalse This would tend to

reduce incidence of morbidity and sensitization as much as
pasteurizatione

Especial attention should be siven to wcunds and
abrasions which are apt to serve as norts of entrance to the
infectione Pecple hmdling infected cattle and hogs should
protect themselves by sultable garments and should not handle
foodstuffs unill after thorough cleansinge

hat must be emphasized, however, is the fact that

actual cases are relatively rare and surprisingly so il the

infection chances are oroperly evaluatede Illan does not readily



contract the diseasc, anc 1f nore or less continuously
exposed may escae with sensitization only, or develop a
subclinical infection, which undoubtedly must existe How=
ever, ‘@ orgenism that 1s resistant tc drying, freezing,

and sunshine and can enter the body thrcough the digestive
tract, mucous merbrane and ungbraded skin, and can be spread

by milk =nd all its products, or by direct contact, is

indeed a matter of nublic health importances

after the completion of this thesis my attention
was called to & recent article (57) which shows the horse
may be a more significant source of infection for man and
cattle than is usually recognizede.

Serum of 347 horses showed 49 per cent had a
titre of 1:25 or higlere Serum of 2 of 5 horses with fis=-
tulous withers reacted at titres of 1:200 end 1:100. A
bovine strain of Drucella abortus was isolated by suinea
plg inoculation from the purulent exudate of 1 of these
horsese Two children who had contact with this horse

developed sericus Undulant Fevere

24.
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