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Chepter I

Education

Until my ecedemic educztion was completed I seemed never to have
an opportunity to maeke e choice in matters concerning my future. I alweye
stepped into the on;y suiteble opening I counld see on my ﬁorizon. Fmerson
described this kind of progression: “Eech men has his own vocation . . .
there is one directior 1n which £11 spece is open to him. He has feculfies
silertly inviting him thither to endless exertion. He is like a ship in a
river; »e runs sgalnst obstructions on every side but one, on thet side
every cbstructioﬁ is teken ewey end hé sweeps. over a deepening chénnel into
en irfintte sea." I alweys trhought thet scmehow I drifted irto the work
for which I was best ecapted.

Z grew up on & fzxm in & Welsh corrunity of northern Pennsylveniz
vhere m- peternsl grzrdperents gsettled wrhen they ceme from,Walés.in 1831,
I received my primary educetion in the little country school-Zouse where
ve hed zood teechers mwost of the time, Since there was no high school in
our rurel distriet, I went to Towenda, the county-seat, to otltain secondery
educetior irn one of those privete schools cglled institute or scademy that
pessed out of existerce sround itke turn ol the century as high schools mil-
tiplied. My class of seven was the last to graduzte from the Susquehenns
Collegiczte Institute, Drezms of going to college were shzttered by leck

of mesrs.
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Because teaching was almost the orly profession open to a woman, I
hed no thought of doing anythirg else. I teught grades 1-4 two years in the
home sckool, and two years in e neighboring school; Although the personalities
of'fhe chilééen provided interest, the subject matter became boring as it wes
repeated yesr after yeer., I wes glad when I found a wey to escape.

T heerd goout s two-yeer course glven free of tuition to rursl teachers
et the College of Agriculture of Correll University. It was the idea of Liberty
Hycde Balley, Dean of the College, to foster in school children & love of Kature
by teechers trained to develop their inte;est in pients gnd animals and in the
events of the inegniwete world. EHe wanted fermwers gnd their femilies to enjoy
country life. | h ‘

Wwith =y savings from four yeers of teschipng I went to Cdrnell for the
course in Neture Study which, furing its two years, lncluded the freshran courses
in botezy ernd zoology requireé of the reguler students in sgriculture. I also
stuélecd entczology, ornitholozy, geology end zeteorolozsy. The lectures were
given by the Ei;tinguished prelessors ol those subjects, most noteble erong them
beirg Burt G. Wilder, then aprroaching retiremeﬁt. He was a member of the
orizinel Correll faculty, appointed in 1867. Deen Beiley, vwho was a‘poet‘as
well as sciervist end administrator, teught a course which was aimed to help us
to.see the besutly of Reture - 1o swrmount our scientifle knowledge with esthetic
gense., On Sunéey evenings Deen and Mrs, Belley ovened their hore to students
and he reed to them, sometimes Irom his own poems.

¥hen the course in Nature Study wes completed, I was ro longer interested
in obtaining the certificete to which I was eligible, My interest in sclence

had beern vhetied by the basic courses I had teXen, &af I wanted to continue the

study of scilerce - eny branch of biologic sclence would satisfy me.
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In order to develop leedership for the country's expanding sgriculture,
Cornell's Collegé‘of Agriculture wes accepting to its regular.course, free of
tuition, students from outside the. state, .(The College of Agriculture and two
or three other colleges of Cornell University are supported by the State of
New York, altrough most of the colleges zre endoved end in these colleges

students pay tuition.) With no tuition fees to pey, end with the help of a
Roberts Scholersrip, I was able to complete the reculrements for the degree’
of B.S5., in Agrieulture during the text two years,

Only one brench of pure science wes gvallzble &s a major subject to
senior students In ggrizculture., Trhey were required %o specialize in some braunch
of epplied science such as horticulture, desirying, ete., or they could speeizl-
ize in beecteriolozyr. 4s I wes not Interested in sprlied agriculture I kad to
teke bacteriology, erd *hat wes perfectly sstisfeetory to me.

During the Zirst decede of this cerntury, becteriology was a young scierce
which needed tre kiné of encouragerent thet was given at Cornell University by
offering it =s e melor subject free of tuition., Ny professors were W. A.
Stocking in deiry bzeteriology, eré Veranus A, Moore of the Veterirary College,
who teught & course Zn generel becteriology to studerts of any of the colleges.

At the end of =y senior yezr Prof. Stocking told me-that he had received
e letter from Prol, E. G. Hestings of the Department of Becteriology, College
of Agriculture, Universily of Wisconsin, esking him {0 recommend a greduating
student to be recipient of a scholership in bacteriplogy. Prof. Stocking
asked me if I would =zpply for it. Thus a erzck in the door to a cereer in

tecteriology opered unexpectedly.
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This University Scholarship was given in glternate yeers to a graduste
student specislizirg in sgricultursl chemistry or bacteriology. It had never
befpre been held by & woman, Before I applied for it the information had lesked
dovm to me thet the College of Agriculture wented +o develop an instruct9r for
the course in bacteriology to be given io the studernts of domestic science,

In outlining my course of study for the master's degree, Prof. Hastings
noted thet I kad e good beckgrouné in biology, end he suggested thet my knowledge
of chemistry should be sirengibened, He reccmmended a course in the chemistry
of nutrition end zn edvenced course in organic chemistry. Thus, although I
held the scholership in bacteriology, I spent two-thirds of my time studying
| chemistry. ‘It vas meny years lzter that physics was 2dded to the curriculim
of a bacteriologist.

Dr. Zimer V. MeCollum, wno taught the course in the chemistry of nu-
trition, wes & greet tescher. A%t that time, with the aid of en assistent he
wes conduciling experiments vhich led to his discovery of Vitemin A, and the.
elass heeré much sbout "fat-soluble A" end “water-soluble B". (The word
vitemin heé rot yet been coined.)

A few yeers previcusly, Dr. Mcéollum had been a member of the team at
the University of Wiseonsin vhich cerried out an experiment on groups of cattle
to determire whether corn, wheet, and ocats were similar in terms of mitrients.
Striking dilferences were found in the nutritive value of corn ard wheat, and
this result raised cther guestions., Dr. MeCollum beceme convinced that thg‘
problems of rutrition ecould be solved only by the purified-diet method, and
with the £id of an assistant he undertook experiments with rats, which resulted

in hié envourcement in 1913 of tke discovery of Vitemin A,
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Stimulating and exacting as these experimenits were, Dr. MeCollum gave
generously of his time to his eclass of four graduste studects. He ceme regulerly
during leboretory periods to spend some time explelning, less formally than
in his lectures, ény point on which he thought we might not be entirely clear.
Often his teaschipg wes in conversation with individual stucents.

Oﬁe dey Dr. MeCollym seid that his experiments were so demsnding of
concentrated thought tkat he could not stop thinkirz ghout the problems st
night, and it interféfed with his sleep. Occeasiornzlly he stowed the strain
of his long working hours. I remember th;t one dey vhile re was lecturing I
turned back 2 pege of my note-book to refer fo some note tkzt I bhad made. He
stopped, seying thet he would proceed when he hed the attention of all the
class. |

At the erd of the school year Dr. McCollur esszed me I I shouwld like
to contirue my stufies tovwerds cobtaining the Ph.D. cegree. =e szid he thought
he coﬁld obtzin for xe the university fellowship in chemistzy. Although I
reelized thet his offer presented & greet opportuzity, for severszl reasons I
é1d not apply for the fellowship. The five years In college had been a finencial
strain, and z physicel strein, too, for each yeer I hed earred money to pey a
pert of my expenses. I werted reiief from the streirs end Tesides, T did not
consider myself so well prepered for chemistry es for becteriology, eitﬁer by

inclination or thrcough preperstion. Moreover, I heé enother offer to consider.
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Chapter IT

I Become & Federsel Civil Service Employee

At thet time the Dairy Division of the Bureau of Animal “rdustry
- (now the Buresu of Delry Industry), U. S. Department of Agriculiture, was ex-
ﬁanding its reseaxrch personnel, although laeboratory space in Wzshington was
limited until the east wIing of the vullding occupied by the Depsrtment of
Agriculture (the white ma2rble structure north of Independence :venue between
12th and 1l4th Streets, N,W.) should be completed. Until leborztory space
should becore evailevle, research wes conducted on a cooperative basis in
collaboration with severzl state experirent stations. The Dairy Division
paid the salexry of the Investigetors ené the state provided laroratory facil-
ities and.direction of the investigstions. 'The federal c¢ivil service scilientist
was selected by the professor who wes in charge of the project; At the
University of Wisconsin the departments of chemistry and bacteriology were
together collehoratirg with the Dairy Division on investigations into better
- methods of cheesemeking, an important industry of Wisconsin,

. Apparently reelizing, after my two terms of study, that I was bettler
adapted to reseerch than to teacking, Prof, Hastings offered me the position
of bacteriolozist representing the Dalry Division on a teesm which was i-rorking
on the improvement of flevor in Chedder cheese, I accepted the offer and
began work on July 1, 1910.

Three more yezsrs pessed on the ce.mﬁus of the University of Wisconsin.
My work was interesting, but not so stimuleting as most of my leter, more. in-
fependent investigations. Four papers were published on which my neme appesred
as joint suthor with Prof. Hastings, or with Prof. Haatings end Dr, E. B.

Hart of the Department of Chemistry.
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Bach year I took one university undergradﬁa:te ccru.fse in a lengusge,
to £111 a ge2p in my educetion. T begen the study of German and continued it
through two yeers, ip preperation for reading the lengusge which at that time
covered more campletely then any other the current reports of bacteriologie
resezrch, (The Germens lost their lesdership in bacteriology during World
War I.)

Early in 1913 I vwes informed that the lzboratories of the Dalry
Division would soon be regdy for oceupency. Then sn order went cut to ail
of the coopersting scientists to come to'Washington to teke up their work
in the new building on July 1. I regretied leaving Medison, where I had en-
Joyed the -life of the university commmity, but I wented Yo hold my position,
So 0ff to Washington T u;ent.

On my wey I stopped for a few hours in Chieago, to visit the Depart-
n:e;:;t of Becteriology of the University of Chicego. I was looking forward to
furiher graduzte study, and thought I ecould comsider tﬁe possibilities at
Chicego better i€ 7 had seen the lzborateries end if T had met some of the
professors., Dr. Norman Mecleod Harris, .then en assistant professor, showéd
e sround sznd sfterwards we set down for e little chat. He esked me where T
wes exployed, end I told him I was on my way to Washingion where I had e po-
sition in the Deiry Division of the Bureau of Animel Industry. "Well!™
he sefd, "I =m surprised to hear you say that, for I was tﬁere only a few
weeks ego end I was told that they did not want any women sclentists.” I‘t‘io

not remember whet my response wes, but I think that my demeanor wes stoical.
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That right, speeéing along on the trein, the sbsurdity of my situation did
not seem furny. I was on my wey Lo Washington, where I had not wanted to
go,,erd wkere 1 wes not wanted. I errived on July 1, 1913, on one of the
sumer's hotiest deys.

Llthough seversl women scientistes were employed in the Burezu of‘
Plent Zndustry, U. 5. D. A,, only opne hed preceded me in the Bureceu of Animsl
Indust>y. She rerained orly & yeer or two, in the Tivision of Pathology, .and
lefy tefore I cexme. I wonder Low she hesppered to be admitted. Ir @y cese,
admission wes oy eccident, for the B. A. TI. ofﬁciels‘ pzd feiled inzdvertently
to protect tremselves egeinst the admitterce of women., Trhey hed lelt 2 loop-
hole Iz t‘:ze.‘sarrier , exd I hed entered thwough it wowittingly. When the
arranzexent wes rzdée Jor the professor in erzx»ge of gz coopersziive irvestigetion
to selest ke U, E. civil service employee, ke thought bed not ceccurred %o
them tret z vomes might be chosen, It wes =n Izportent melter, for & U, S.
civil sexrvice exployee mey not e discherged urless s serious cowpleint be
mede egelircst Zer. According Lo hearsay, wier ire baé zews Trcke a2t e meeling
of B, L, T, o2ficieis tet & woman scientist would Te coming to Join their
stef?, they were Iilleé with consternaticz, In the words of = sterogrepher

who wes presect, they slmost fell off their ckelirs.
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Chapter III

Investigations at the Dairy Division, Bureau of Animal Industry, U. S. D. A.

Despite the ineuspicious circumstences of my errivel, I found the
Dairy Division to be & gosd place to work. My jmmediate superiors, Mr. B. E.
Rawl, Chief of the Dairy Division, and Dr. lore A. Rogers, in charge of re-
seerch, seemed not to share ithe antegonism of the higher officials toward
women sclentists.

In progress were investigetlons of the methods of manufacture of
butter anc cheese, the eflect of pasteurizetion on milk, and other problems
of dalryinz which dependeé For sclutilon upor & xrowledge of basiec sciences.
This led To investigations of theoreticel subjects.

Chief emong the scientists was Dr. Roéers, g bacteriologist, whose
studies extended béyon& the problems of dairying into such subjecis as the
oxidatlive degeneration of fats, and the principles underlying the p}eservation
of life in bacteriasl cultures by the freezing-high-vecuum method.

The bacﬁeriological investigations in progress when I entered the
Dairy Divisliecn incsluded s search for the sources from which bacterlis entered
dairy producets, and this led to a study of techniques by which strains of
bacterlia could be 1dentified.

One line of investigetion wﬁs concerned with finding a method for the
identification of bacteria of the coli-merogenes group. In determining the
sanitery quality of both weter and milk, it was & matter of great Importance
to know the origin of bacteria of these types, because the presence of bac-

teris of the coll type serves as indicator of potentislly dangercus contamination,

whereas bacteria of the merogenes type sre wldely dlstributed In nature.
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These studies required the colleboration of a chemist and a bacteriologist.
Dr. Willliam Mansfield Clark was the chemist throughout the studies which were
reported in a series of four papers by Rogers, Clark, and the becteriologist as
Juntor suthor. My first assigrment was to do the bacteriologicel work on the
second and third phases of the investigation.

The chemiecsl aspects of these studies yielded significant firdings,
vhich léd into a field of investigation in which Ir. Clark becamé g digtirguished
leader. Following = sugzestion mede esrlier by Tneobzld Smith +hst the ratio
of earbon dicxide to hydrogern ir the gss produzed in fermenting cultures of
the coll-zerogenes group of bacteria might indiczte fundamentel di2 erences c?
metabolism, Pogers, Clark, et el. found thet In {he anzerobic 'fermer_‘:atio: of
dextrose, bacteria of the coli type produce the two gases in nesrly equel
amounts, whereas those of the gerogenes type produce a larger proportion of
carbon dioxide varying considera‘oiy, but epproximetely in g retio of two to ore.
This sharp differenfie.tion by means of the gas ratio was found to be correlated
with the ebility of the strains to ferment nine selected test substences.

In these studies Dr. Clark's attention was directed to the eflect cof
acid on the growth of bacteris. He found thaet it 1s the Jrptensily o the acid
in terms of hydrogen-ioa concentration that alfects thelr growth. But existing
methods of measuring acidity determined the gquantity, not the lnltensity of the
eeid. Next, with his collaborestors, Dr. Clark developed accurate methods for
measurling hydrogen-ion concentration. These methods replaced the lnaccurate
titretion method of determining acid content in use in bilologic lsboratories
throughout the world: Also they were found to be appliceble in many industz;ie_'!.

-,

snd other processes in which they came into wide usage.
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Dr. Charles Thom was another collesgue in the Dairy Division whose
work there opened the way into hig chosen field, in which he.'l;ecame dis-
tinguished. TFor a mmber of years he studied the effect of fungi, particularly
tl;ose of the genus Penicilliwm, on the flevors of ripening cheese. He left the
Dairy Division in 191k, but he remained in other branches of the Deperf.;.ment
of Agriculture until his retirement, becoming en euthority in matters per-
taining to mycology. His finel contz.'i'bution ves 1o medicel science when he
played = ma,jof role in making possible the messive production of penieillin -

a product of the growth of Peniecillium notatum - during World War II and

thereafter.

As my work with Dr. Clark 4id not fill ell uy time, I was glven
enother problem, end this one was my very own. I wes assigred the task of
studying the bacteria that oceur in freshly drezwn milk - those that niu_].tip_]y
witnin the udder and ere excreted in the milk, This study graduelly sbsorbed
pore snd more of my time end interest,

Wnen Dr. Thom left the Iiairy Division I wes ssked to prepsre to take
over his position as mycologist. It was a lerge order, for my training in
miercbiology hed not included a course in myzology. I wes ercoursged to go
10 the University of Chicego to devote one term o the study of mycology.

I followed that edvice, end found time while in Chicego to obtaln cultures
from sewples of milk drawn aseptically from the cows of hexrds supplying the

Chicego eree, thus widening the sources of the cultures of my collectionm.,
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My memory is dim sbout the use I ﬁade of my newly scquired knowledge
of mycology, but I remember thet my duties along this line did not inferfbre
greetly with progress in the research in vhich I was keenly interested.
Wisely, Dr. Rogers gave only general directions to his reseerch workers,
lezvipg them free to follow the leads that their own observztlons detected.
Seeing ry interest in the prodlem of the bezeterial content of freshly drawn

milk, ke gave me plenty of time to follow this line of investigatior.
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Chepter IV

The Beginning of Studies on Brucelilee

The bacterizl fliora of the udder is veried,; with several species
commonly present. My sttention was graduelly focused on one particulsr spe-
cles, the causal orgzuism of contagious ebortion, now designated Brucella
ghortus. For seversl yesrs it had beern known to exist in the udder of in-
fected cows, having been obtained from semples of milk frox epperently healthy
animels by Schroeder snd Cotton of the Division of Patholozy, B. A. I,, and
reported in 1911. Alrost simulteneously Theobald Smith exd Febyen dbtained-
.EE' ebortus from cow'’s milx end reported their findings in 1912, Both reports
included a werning of the possibility thet these becteriz right te dengerous
to human hgalth.

The idez of érirking milk contemirated with bacteris capeble of
cgusirg disesse in eniwels was distesteful to me. I wanted to krow more sbout
these oiganisms. Eszeclelly I wanted o know vwhether they were related to
any bspecies known to ceuse bumzsn disezse., The pursuit of this informetion
disclﬁsed problemﬁ wzlioh reguired the worz of many'investigators To resolve,

Deliberating zzout the nesture of Zr, ghbortus T .gezrorzed for clues
that might throw light on its reletionship to other pathozenic bacteris,
Thinking that Dr. Eichorn, Chief of tﬁe Division o Pathology, B. A, I., might
be =ble to give me suggestions, I went to his office to eskx if I might discuss

my problem with him, I hed chosen the right person to coxsult, for when I

asked him if he knew ¢f any spparently heslthy animal that excreted in its
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milk bacteria pathogenic to man, he told me that milk from apparently heelthy
goats carrled the germs of humen undulent fever. fhis fact gave me an ides
which added to my zeal for the study of brucellse.

. Insofar as I know, only one person in the vo?ld ever claimed that he
hed thought of = possible relationshlp between the causel ﬁrganiams of human
unéulant fever end btocvine contegious ebertion. Tnis claim was made bty =&
German, who stated that his work wes irnterrupted by World War I, which pre-

vented the publication of his findings. Shannon, a fictitious character im

A. J. Cronin's novel Shannon's Way (1948), studled this problem successfully,

end was ready to publish his resulis, when & friend told him that en Americén
vcman hed recently publisghed the fects that he had lsbored so herd to discover.
The news crushed hiﬁ, as was befitiing in s novel. "
- There wes & regson why bacteriolcegists haé rnever noticed a resemblence
between beacteria from the two sources. 3BSruce, the discoverer cof the causal
orgenise of unduiant fever, considered 1t tc be sphericel, and placed 1t in
the genus Mlcrococcus with other sphericel species. But Bang, the discoverer
of the ceusal organism of bovine contagicus sborilon, considered 1t to be-rcd-
sheped, end he placed it in the genus Bacilius wIth cother rod-shaped speciles.
It would be héreéy in those days for a bectericiogist to think cof & relatlon-
ship between e micrococcus and a bacillius, but tke fact was found to be that
-the morpkology of the bacterla from the two sources is similar. The cells
are rod-sheped, dividing into varied lengths, some so short thet under the -
microscope they apprear to be spherical, In some cultures, depending on cdn-

ditions of growth, these roundish forms predominete.
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That Microcoecus melitensis and Beelllus gbortus both infected the

udder of apparently bealthy animals was & compelling reason, I thought, to
compare them and to try to find other cheracters that might be common. I
obtained six streins of M. melitensis for study. One wes originally obtained
from a patient in London twenty-one years previously, end five strains, with.
“out record as to whether of humen or ceprine origin, were dated from "prior

to 1900" to 1909.

Comparing the strains of bovine a;d ltman origins I was emezed to

Tind that all beheved slike ir the tests aveilsble in those days for bacterisl
identification, excepl thet the streins of humen or ceprine origin preduced

z browr discoloreticn of the culture medium éf%er long inecubation. A1l stfaigs
egglutinated in extiserus produced by strains of bovine origin, and ell aggiu-
tineted in an entiserzr produced by the strein of Immen origin.

I sppesled to the sclentists of the Division of Pethology to cexrry

out a comparztive teét on pregnent guinee pigs.. (At that time I had done no
work with animel experimertation.) The enimels inoculeted witk the strain of
hmen origin, which kad been meintained on culture medium for yeers, sborted
es promptly as Gid those inoculeted with e strain freshly isolated from &
bovine fetus., Two éeys later one animel of each group was killed and brucellze
vere cultivated from the orgers of both enimels. Eight ééys later enother
enimel of each group was killed and the blood serum was tested for sgglutinins.
Tt wes found thet the egglutinin-sbsorpiion test could distinguish the strains
of different origins. &ny straln would ebsorb a greeter zmount of eggiutinine

from the serum of en animel thet had been incculated with a strein of hemologous
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origin toen it would absorb from the serum o2 en animsl that had been
inoculatec wifh a strain of heterologous origiz. 'These findings were re-
ported gt the snnuel meetlng of the Society of American Becterlologists held
in Weshirzton, D. C., in Decexber, 1917, ané t:zey were pudlished in the'JuLy,_
1918, mzber of the Journal of Infectlous Diseases,

Discussing the results of the investigetion I commented: "Considering
the close reletvionship between the two orgenisrs, and the reported freguency

of viruler’ streins of Bact. gbortus 1n eows' —ilk, it would seem remarksble

that we éc not have s disesse resembling Malte Tfever in this couniry.” And
I reised e guestion: "Are we sure thet cases o glandulex disease, or cases

of eborticz, ¢r possibly diseeses o the resriretory tract mey not sometimes

oceur ercng =xpen subjects in thils country es & result of drinking raw cows!

mi k"

Tre resction to this paper wes almost universel skepticism, usually
expressed =y the remerk that I1f these orgeniszs were closely releted, some
other bacterisiogist would heve noted it. Tzlis was not 7alid eriticliesm, and
1t did net cisturb me, for it would teke only & few hours of work for any bac-
teriologist who nad culﬁures c¢f brucellae et zZgnd to test the accuracy of my
report. I ¥rew someone would do tbat before _ong.

Witz =y peper in the hends of a publiszer, obviously it would be wise
to let the cexntroversial subject rest awhile. Xoreover, clrcumsiences glmost
demended & change, for World Wer T was in proczress, end everyone was thinking

gbout whe:t he could best do to. "help win the war.”
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Before these memoirs on the Dalry Divieion close, I want to express
my appreciaﬁion of the support I received throughout my investigestions into
the unbellevable with findings of e nature thet could@ be hardly acceptsble.
My superlors must have foreseen better than I, that my findings would lead
to resentment among scme members of the industry which the Dairy Division was
organized to serve, for the B. A. I. was then carrying oﬁ 1ts cempalign for
the eredicetion of tuberculosls from the cattle of this country. Sometimes
there was trouble wher en owner could not understend why an snimal should be
sleughtered when 1t haé the disesse in aﬁ incipient steze, detectaeble only by
the tuberculin test. .

Nevertheless, no restraint was pleced upon me; ell my needs were
cheerflly supplied; erer +the scientists of %he Divisica of Pathology responded
willingly to &ll my recuests for help in carrying out experiments on animals,
though they frankly extressed skepticism. My chief, Dr. Rbgers, mist have
been responsible for sz—octiing the wsy for the prompt aéproval for publiiceticn
of my reporis. T any one in higher edministrative oXfice Jemurred, I never
heard ebout it. Also tze late Dr. Hektoen, Editor of the Journal of Infec-
tious Diseases, acceptel =y controversiasl paper and pudlished it promptly.

(He will appear egain Zn these memoirs as a good irienﬁ.) Every ﬁne on whom
"~ I was dependent in this worx was a true scientist, steadéfast in the seearch for
knowledge regerdless cf hew unpelatable 1t might appear to be.

In transferring froz the Deiry Division I haﬁ to resign from the po-
‘sition of Dalry Bacterlolcgist. A letter from Mr. Rawl, Chiefl of the Dairy
Division, enclosed a resigzation blark which I wes asked to T111 out and re-

turn, I still cherish the final sentence of his letter; "I am asking you
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to do this with the understanding that when you are ready to return to this
Division we shell ask for your transfer.” 1 never requested the return transfer
beceuse my interest in brucellese skifted from the csusal orgenism to the dis-

ease itself. 'The Hygienic ILeboratory was the place to study brucellosis.



T e A A e e o =

- 19 -
Chapter ¥

Esrly Years et the Hygienic Leboratory

Cn inquiry at the Hyglenic Laboratory whether my services might be
useful there in .'work connec;ted with the wer, I leasrned that a position in
beetericlogy was opern. I applied for 1t end was eccepted. The work was with
e teeam of doctors who were working on the lmprovement of the antiserum used
in the trestment of epidemic meningitis, one of the dread Giseases of World
War I, with a fatality rate of more than 50 percent ir some cutbreaks,

Wher I entered in April, 1918, the o0ld red brick building at Twenty-
fifth end E Streets, N. W. boused the entire institution. Coun‘;.::‘.ng everyone
Trom the direetor all the wey down, the personnel mzbered less than one hundred.
‘;‘:‘.e Leboretory's equirment was simple, elthough it campeared well with that .of
other leboretories. Tnrift in fthe use of suppllies was recessary, for the
grmuel pucget was modest. In 1020 a seconé building was added, a.r.ld fourfeen
yeers leter 1t seemed like a hig expansion when tw0 more new bulldings came
into use.

I wes fortunsgte in being a mexmber of the Division of Pathology and
Zecteriology of the Hyglenice I;s.‘sora.tory - rengmed the Natlonal TInstitute of
Teglth in 1930 - during gimost nineteen yeers of the directorship of Dr. George
W. MeCoy. These years sre generally regerced as s brillient period of the
institution. Since Dr. McCoy was also in charge ol the Division of Pathology
ent Bacteriology, those of us in that Divislon vwere doubly fortunate in

working directly under him.
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In those early years a mumber of distinguished medical scientists
gave luster 1o the Laboratory, with Dr. MeCoy at the top of thenlist. He was
en eckrnowiedged authorilty on leprosy. Wﬁile he was Director Qf the U. S.
Plazue Lascretory in san Franeisco, in & seerch for the causal organism of
piggue in the wild squirrels o Califcrnie, he discovered that the ground
squirrel wes responsible for the spread of a "plague-like disease", to which
the nere tuleremia was glven lster. At the Eygieﬁic Leboratory he continued
sctive research én problems conmnected with verious diseases, in additlion to
his edministrative duties.

Dr. Cherles W. Stiles vwes one:of ~re older scientists at the Laboratory,
with his zelor achievement, tie Ifreeling ol tYhe southern rural ereas of the
Inlted States from hookworm clsesse, s_regly & brillient, ccmpleted chapter
¢l fmericen ~edicel history,

Czoeslionglly Dr, Btilies' unzerventicmg !ty sdded a little spice to
1ife wirnin the 0ld brick buildling, The fcllowing incident is characteristic:
Ore msr:i:g I wes welking dowxn Ilew Hexpszlire Avenue to the Iaboratory, and as
I crosseé washington Cirele T zad to welt, &s usual, for 2 chance to pass through
tre ﬁeery eest-bound traffic, for this wes before the time of traffic lights
on Pennsy_vexie Avenue., £s T stood trhere, I». Stiles ceught up with me, and

together we weited., He was wearing his ¥xexi uniform, as was hls custom,

elthousz ¢ther medical officers wore trelr uniforms only when necessary; and

he wes cerrying a welking-sticxz. Beecming Ixmpatient with the wait, he stepped
intc tkhe street and held up hls cane slgze_Ing the traffic to stop. Tt stopped,

and we prdceeded.
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Although Dr. Jemes P. ILeake had been at the Leboratory for a marber
of yeers before I ceme, he was still a boyishly vigorous young man who never
walke¢ upsteirs, elways ren two steps at a time. He was often away, responding
to a cell for help from a commnity where disease had assumed epidemic propor-
tions. His studies aéded valueble Information to the understending of smallpox,
cerebrospinal meningitis, tetanus, end typhoid fever. His grestest contribution
was to the knowledge of poliomyelitis. Quoting from Williems, 2 "Probebly
no ore before him or since has had es coﬁplete en understanding of the ;botal
reseexrch, aéministre.tiv_e, gnd clinicel problems of poliomyelitis.”

Dr. leake coniributed more to the Leboratory than his '-'t.ark as an expert
epidez’ologist. Ee sdded e unifyirg, hmenizing influence as Ze mede the new-
comer “eel gt ease in the group. Fe and Mrs. leske extended grecious hospi‘t‘;a.li‘ty
in trelr hore, ané re '»'e,s.lel'.'e.;,*s glert to see wher he could be of service to
gay o2 us when help wes needed, .

W“hen I entered the Hygieric Levorsgtory I fourd two womexz well estab-
lisked there. Anctrer woxzan sclexntist, Mathilde L. Kock, heé come and gone, .
but grverently her assignment wes texporery, for her neme wes never listed
Witk those of mexbers of the "1&‘00:*&.‘:0:?' corps.” Miss Koch, & phermescologist,
wes & niece of Robext Koch., Ste published two technicsl pepers 1n Hyglenic

Leboretory Bulletin 103, datec Februery, 1917, es senior author in collsboration

with D»r. Carl Voegtlin.

Relph Chester Williems, The United States Public Health Service 1798-1950,
1951, p. 205




-&-

Dr. Ide A, Bengtson was the first women scientist to be listed as
a member of the lsborstory corps. When she caze in 1916 she hed neariy com-
pleted the requirements for the Ph.D. degree from the University of Chicago.
She received it in 1919, with bactericlogy as her mejor subject., She vﬁs en
eéepteble, elficient, indefatigeble worker. Of a quiet, gentle, friendly -
neture she was readily accepted as = member of the staff. During her early
yeers et the Leboratory she collaboreted with Dr. MeCoy on various problems,
her nare sppearing as that of junior author on their reports. She was a good
teecher, eand for several weeks annually for meny yeers she had opportunity
to exerclse that talent as one of the instructors of the orientation class
of inccwing medical officers.

D>, Bengtson zede = prolonzed stucy of three'subjects: anasrobes and
thelr toxins, the eticlogy of Erachs&g, gnC¢ ricrettsie. TIn her studies on
emgarsies she experiernced the thrill c¢f éiscevery egxrly in the 1920's when

she icentilfied & new veriety of Ciosiridii botulilrum, which preduces toxdin C.

She hgl isolated this enserobe from the lervee of & green fly. Its toxin was
responsible for an outbreakx of e parsiytic disesse (1lizberneck) of chickens.
Tne sender thought that a2 study of the zeteria® wouléd lead to the discovery
of the cguse of poliomyelitis.

In 1937 Dr. Bengtson was assigned tc the siudy of rickettsiae, and she
rezeined a member of the "typhus unit"” until her retirement. Her work on the
tissue culture of the rickettsia of typhus was important in the subsequent de-

velopment of the veceine uged for the protectlcz of our troops agalnst typhus

in World War II. During the war she worked lonz hours on problems concerning
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the production of the vaccine, and on problems concerning the detection and
identifica.%ion of rickettsial infections. On week-ends she found diversion
on her big farm in the foot-hills of the Blue Ridge Mountains of Virginia.
Tetiring in 1946, she lived only a few years to enjoy he.r leisure.

During the twenty yeers that Zollowed Dr. Bengtson's edmission to the
Zygienlc Leboretory, twelve or mofe women scientists ceme. Iz cbtaining their
positions it was well for ell of thex that the pioreer women hzd filled her
position so capsbly. |

‘Before Dr. Bengtson's arrival, Rose Parrott ("Polly" to ell of us)
ceme 10 the Laborgtory =8 e nurse to essist in a study compering raw and
rtesteurized milk es & fooé for infants, Her name never sppeered on the list
cf Leboretory persomrel, Tut she wes 50 much & pert of the 11%e of the insti-
“ution that she should heve = piace ‘% these memoirs. '

She was young, enizeted, beeutiful, and skillful, Witz these quelities,
¢f ecourse she wes populer. VWhen the study which broustt her <o the Leboratory
+as coxpleted, she remasfned to beccre en expert technlelsn., She assisted in

~erious investigations until one dey In 1944 she becere esccidertelly infected

with z culture of Pesteurella tularersis. BShe died oI -tulerer’a & few days

later.

In 1920 Dr, Edwexd Irancis cere to the Leboratory to confinue his )
studies on tuleremia, Previocusly, he had been sent to Uteh ©to investigate an
outbreek of "deerfly fever". He recognized it in experimental animals as tke

seme disease that Dr. McCoy hed described as & "plegue-like disease of rodents".
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Toe problems involved in estsabliching Pasteurells tularensis, the causal

organism of the disease in rodents, as the causel organism of tularemis in
men kept Dr. Francls busy for many years.

About 1922 & number of young medical officers came to the Laboratory

where they remained for the completion of their careers.

Dr. Joseph Goléberger had elready studied pellegra for yesrs, and he
het ennounced his theory that 1t wes = dletary deficiency disease. At the
Lsboretory he continued the study in en ettempt to defermine the single
dietery faetor that was the pellsgra-preventive. ﬁight years after his.untimely
death in 1929, it was discovered 1n another lebcratory to be nicotinle acid.

Dr. R. E. Dyer's most important work was on typhus and other rickettsial
disesses. Colncidently with his reseerches he wes an gdministrator, first
es hssistent Director of the Hyglenic ILeboratory, then as Chlef of the Division
of Irnfectiocus Diseases, and finally as Directcr cf the Natianel Institute of
Heelir which beceme Fetionel Institutes of Heelth under his directorship.

Dr. R. R. Bpencer ceme to spencé vexrt of his time vhile engeged irn the
investization for which he became well-kn wn, the development of a vaccine
to protect egainst 'the highly fatsl RoeXly Mﬁuntain Spotted fever. Vhile
working on this project he spent a pert of kis time et the branch laborsatory
ir Hem?iton, Montans, waere the entomocloglst Dr, R. R. Parker collaborated in
the development of the veccine.

Dr. Charles Armstrong ceme to continue his brilliant career as re-
searcher of a number of dlseases Incluéing typhus, tetanus, snd psittecosis.

Leter he isclated a new virus from & Inmen brain and with others he described
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the disesse, lymphocytle choriomeningitis, which it produces in mesn. He
followed Dr. Dyer as Chief of the Divislon of Infectious Diseases.

The Hygienic Lébbratory hed two experiences with rampeging infectious
diseases, the influenzs pendemic of 1918, end gt the turn of the year 1929-30,
an outbregk of psittacosis which wms confined within the old brick building.

Williams E/ descrived the psittacosis outbreek, to which I wlll add
only & few words. The swiftness of its spread through the Laborestory came as
a shoek to a1l of use. We knew the high fatelity rete in some outbresks, and
the death of Herry Anderson, the first to beccme 111, werned us poignantly
of what the stetistics might mean to us, es ten more of our colleagues be-
came i1l within e few deys, and the Leboratory wes closed for fumigation.

We were very thenkivl for the recovery of the ten patlients.

Perheps en scccunt of how the epidemic of influerzea of 1918 affected
or.e member of the stelf ol the Kygienie L&bcratcfy will give to readers of
£ younger.generaticn, wzose knowledge of such epicéexzics is zained by reading,
fortunetely nct by experience, an ldes of the disruplion thet e serious
evidemic may cause.

Coxing to the Tritel Stetes from Eurcpe exé elsewhere, 1t struck
Rasséchusetts in Septe—cer and reached Washington in eerly October. Here
we=-time conditions favored a replid spread of the dlseese, for the city was
cver-7illed witkh éisloceted people, the mejority of whem were women who had
core to do the vastly incressed wer-time work of ihe government depariments.

They were crowded iz boexdéing houses with three or zore persons commonly
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oécupying cne room as & result of the shortage of housing. When someone
beceme 111 and a threat to assocletes, she was 2pt to find herself very much
elone, with no one to teke care of zer. Some lendladies dismissed boarders
coring down with the disease.‘
_ <

On October 1 Congress passeé & resclution "to enable the Public Health
Servicé to coxrbat 'Spanish influerze’ and other communiceble diseases by
efdirg state end locel boards of rTesitn or otherwlse . . .*

Some of the medical officers of the Hygienic Leboretory were sent into
the fieid. Those who remained leid¢ eslde their reseerch projects to oréanize
emergency hospitels, or to become ngCticing-physicians caring for sick
goverrrent workers. Due to the ebsence of the doctors, and to the illness
¢f mery others of the Leborstory terscnnel, only e few were left fo cerry on.

T presure thet there may hevrs teen & demand that t;e governrent egency
saould attexpt to find the cause o the epldexic. However thet may be, sbout
irhe piécle of the month Ir. McCoy esked me to &rop =y current problem znd
Turn ry etiention to the subject ol zreetest concern.

L tnet time becteriologisis were considerinzg whether the "influenze

beoillus" of Preiffer (Heemophilus - Tuencee), which wes found guite constantly

i ceses of influenze, was or wes =t the etiologic agsent of this diseese,

H
(4]

. leter yeers it wes considered Lo ve e secondary Iinveder.

¥y Zfirst thought was that I would exsmine the sputur of patients and
+issues tekxen et sutopsy to finé the Ecmireting bescterliel species., That study
woulé recuire a special culture z2&liium. As our mediae-mexer wes ill, T went

to the medis-room to meke it myself.

T R Ak e e - _—
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Things Wwere not going well, and I knew that I was not ekillifully
unfertaking this job of making medis to which I had long been unaccustc;med.
Graduelly I realized that there was something the metter with me, more than
the feeling of helplessness on being assigned unexpectedly to en enormous task.
Fipelly I guessed 1t - I was coming down with the flu, I put eway utensilé
end Ingredients and went home. A4 little more then 2 month later I returned
to work.

It was during those weeks when I was confined to my room that Wa.gh-;
ington experienced a very serious epldemic. Dr. McCoy became s pa.rt—time'.
physician, teking care of the Leboratory's personnel who were ill with uncom-
pliceted influenze, in addition tc kis ad:.&ir.istra‘léive work. Dr. Ieake took
cere of governmernt workers who were sericusly 111 with pnéimonia in temporaaf
hospitals. |

Yeers later I heevd 8 minister say that during the worst deys of those
FEELS bu.t;ia.l services in Washirgton cereteries hefé to e curtailed In order
thet eack funere’ cortege could ::.:-'.re eiozg prozptly to mzeke room for the next,

When I returrned to the Lebcretory I resumed =y studies on meningococci,
for the war wes over, the peak ol tze epidemic n wWeshington had pessed, and
cornéitions were —ore fevorable for cleer-headed thinking., It was recognized
trat the search for the etlologle egent of influenza was not a problem for
& lone irnvestigetor. + became & rejor project of study in more than one in-
stitution (but not at the Hygienic Iebo;atory), end gbout fifteen yemsrs later
a team of investigetors in & Loncon leboratory discovered that the causal

gzent ie & virus.
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Chapter VI

Ik as e Carrier‘gz Disease

Since the pesteurization of milk is an underlying theme of the nexf
chapter, e briefl cocsideration of milk as e cerrier of dlsemse during the first
cecade of this century mey help the resder 1o urderstand the dissensione in
tne deiry industry éuring the follow:ng two decedes whén Progress of science
seemed to interfere with business.

BetweenlJune end November, 1905, three seﬁarate outbreasks of typhoid
fever cecurred in the District of Columbis. The‘following year Dr. M. J.
Roseneu, Director cf the.Eygienic Lesoretory, ené his collsborators reported
the results of thelr exterslve study on the origin and prevaelence of the out-
breeks. Tney founé thet 85 of tze ££€ ceses studied during this time vere
gtirituienle to the use of Irnlected —il¥; they Cescribed the milk and the con-
&itions affecting i, They sieied thet the milk supply wes "for tke most paxt,
‘oo 0lé, too dirty, end too werx." It "pesses through too meny hands and is
exposec too many tizss belore I1 reecnes the consumer, . . .

"inother scurce of derger 1s the small grocery store . . . In several
instarces we found & 2lose essocletion vetween the family life of the patient
end the business. Tze same hends thet hurse the sick often purvey the milk.
Tne petient 1g treeted in e room edloining the store.. Flies-svarm in and out.”

It is éifficu’t, now, to reeiize that the poor qualily of milk avail-
gble to the purcheser in the Districst of Columbia in 1906 was typical of milk

scld in cities and towns throughcut the country, where diphtheria and scarlet
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fever, as well as typhoid fever were common communiceble diseases. Their
spread was fecilitaeted by unéa.nita.ry milk and by other conditiﬁns which now
seen primitive. |

Another problem which began to be recognized in the early years of
this century wes that of milk infected with bacteria causing bovine disease,
especielly disesse of the udder. Ouspiclon was directed first msgainst tuber-
culosis. The story of the web of conflicting ideas that had to be untangled,
a~d the human emoticns eroused in the procesé is relevant to these memoirs
tecause it wes enected egain with variatione when t‘ne. question arose of the
zexmfulness to man of brucellae derived from the udders of cows, and I was
ceeply involved in the second episode.

Tuberculosls was & common disease of cattle, with as many as 30 percent
infected in scme locelities of 'Ehis country. Two or three percent of infected
2ows neé lesions ¢f the udéer end ‘Ehey gave milk conteining enormous numbers
£ the "tubercle be2:i11i". But most health authorities did not worry very much
goout it, for Robert Koch saié Itha.t the bovine type of the diseese wes not
sransmissible to man.

~ Koch was the discoverer of the causal organism of tubercnlosis, and he
—ede mejor conmtributions to the knowledge of other disesses, for which he wes
gvarded meny high hcrors including the Nobel prize. ﬁut even Koch could meke

mistakes,
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Virchow had taught that buman and bovine tuberculosis were digtinct
diseases, dut in the classical eccount of his resemrch on the tubercle bactllus
(1882) Koca was emphatic in his opinion that there was only one type of the
organism vhich infected man, cattle, and other domestic animals. This opinien
was accepted generally by pathologists, veterinaiians, and health authorities,
but it wes contested by a few investigators.

Theobald Smith was the first to present adverse evidence. He reported
(1896 and 1898) thet comparative studies of cultures of the tubercle bacillus
from the two sources, human beings and cattle, showed that they were distingulsh-
able cuiturally, and by the lesions produced in experimental enimals. Smith's
coservations were confirmed by others, and in 1B90 Koch aﬁmitted.the dlffer-
ences. Then he made another misteke of far-reaching consequences.

T-e recogrition of ﬁistinct types of the tubercle bacillus reised the
guestiorn wrether men was susceptible to bovine tuberculosis, and eyidence was
slowly eccumuleting to show that bovine tuberculosis was trensmissitie to man.
Revenel 1900) reported severél cagses in which 2 veterinarien or tutcher wounded
nimself while cutﬁing the cercass of 8 tuberc?lous animal, and proxptly de-
velopeé generalized tuberculosis. Furthermore, a mumber of doctors reported
small outbhresxs in which several mempers of & family, or several Irnfmnis in
e chiléren's hospitael cor girls at school developed intestinal tuberculosis
eimost simultaneously, and the cows providing milk were found to be in an

edvenceé state of tuberculosis.
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Interest in the question suddenly became acute‘with the anncuncement
of his remerkeble views mede by Koch in London in 1901. Ee seid that 4f the
bovine tubercle bacillus were able to infect human beings, many ceses would
occur, especially emong children. But, he said, most medical men believed
. that this was not the case. He added that i susceptibllity of man to the
bovine tubercle bacillus existed at all, izfection was a very rare occurrence.
He ended hls remerks by‘stéting his belief thet it was inedvissble to teke
neasures to protect human peings sgsinst boéine tuberculosis.

Again, Koch's views were widely accepted, but In England, in Germeny,
and in this ccuntry investigators were incited to search out the facts. The
extensive investigations mede in both foreign couniries agreed with those of
Perz and Krueunwiede of the New York City Deperizment of Heelth, who reporteé
(1920) on moxe then 1,000 cases of every ¥irné of iuderculous éisesse (including
tebuiated ceses with their own data). - They focund tket sbout 25 percent of
czses cf tuterculosis irn children under sixteen, exc beyond thet ege 1.3 percent
ci ceses were of bovine origin.

Befcre rutlic heelir suthorities beceme wtrrlied about the transmission
of bovine ‘uterculosls tc human beings, the delry I-dustry wes deeply concernped
ahout tﬁe greet economlc osses caused by this ciseese in cettle. Testing with
tuberculis, which detected the Infection ever in iis incipient stage, begen in
1892. In 1910 e systemazitic seerch for all cisessed cettle wes underteken in
the Distriet of Columbis, end from this begirning grew the concerted effort to
test a&ll nerés in the country. The campelzr of testing, end of slaughtering

reactors with cozpensetior to the owner cootizued for many years. It was



g v omew 4 MM m AL b EmA e o e e — 5 ‘

- 32 -

"sometimes carried out under actual fire by owzers" E/ who could not. under-
stand the necessity of slaughtering an enizal that eppeared healthy, bu£
reacted to the test. Finally tuberculosis of cattle was essentimlly ersdicated
from the countryn

Simultezeously with the eradicatiorn of “uberculosis from cattle, the
number of human ceses of tuberculeosis of bovine origin diminished-until.this
type of the humen disesse beceme a rarity.

With sfvencing ¥mowledge ebout the cangers of unsanitary milk, en idea
was develcoping emong public heelth authorities end other interested persons
that scrething should be done to improve the guelity of market milk, In
Dzcember, 1910, & meeting was held of the Zew Ycrk Milk Committee, & voluntary
crganiéetion working tc improve the milx supply of New York City. From a
list of mocra then 200 rnemes of men whe wers pro-inent in redieine, senitation,
pudlic heelth, bactericiogy, and other rrifessiinsg, the Cozmitiee selected
20 men of wverious states, vwhom they inviied ic secept appeintment on a com-
zmission To Te Xnown as Tre Commission on MI“k Stendards. Of the 20, two

1ined to serve end ¢ne raosigned efter tie first meeting.

ih
L11
[¢)
b

fhe 17 distinguished members ¢f ihe Ce—issicn represented every aspect

0f the Celry industry. Tnough it wes cresied Ty and its expenses were borne

by the Few York Milk Ccrmittee, it was nct the Intention that the Cormission
should have the New York City milk proble= solely in minZ, but that it should

meke recomrendations thet might be adopied by asy city in the country.

2/

T. Swenn Herding, Two Blades of Gress, Unlversity of Oxlshcme Press, 1947, 2.160
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Several years previously (1907j the U. 5. Public Health Service had
recommended the ﬁasteurization of milk es the only dependsble means of elim-
ineting milk as a carrier of the common commuriceble diseasses. In reports
published in 191? end 1913, The Commission on Milk Stendards recommended
pasteurization of mllk, but it excluded milk of the highest grade from thsat
ruling. It recognized that bacteriel content, usiné for the purpose the "bac-
terial count", was the most important factor in grading milk., It recommended
thet a1l milk showld be labeled and marked with the grade - A, B, orC - 4n
woich it was o be sold.

Grade A milk might be eithér raw or pasteurized. _Graée A raw milk.
should be drawn and bottled under sirict condiilons of cleenliness; it éhould
be from cows free from ciseese as deterxzined by tuberculin testing and by
physicel exeminations zede by s qualified veterirerien; it should be handled
by employees free from disease as determired by e qualified-physician, under
senitary conditions such <hat the bacteriel ccunt shoulé nct exceed 10,000 per
cubie centimeter. The gualificetions for Crece A paesteurized milk were some-
vhat lower. Grades B and C weré of Infericr cuelity but were required to meet
the stendards for those grades.

Thus the specificetions for the productlion of sefe milk fmiled to in-
cludé 2 conslderation o the possibility thet milk handlied wiIth the strictest
precautions might csuse mumen disease if produced by cilseased animals that
appeared to be healthy. A suggestion haé beer mede thet septic sore tﬁroat
might be due to streptococei derived from the udder of ecws in ceses of mas-
titis, but the Information wes too vague to receive the Cozzission's serious

considerstion. The warnings-given in 1911 and 1912 of zossible human brucellsr
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infectlion from the udder of infected cows hed mede 1ittle or no impression.
The Commission thought that inspection of the cows by a veterinarian would
" guerantee sgainst tuberculous infectlon; sdherence to the rules for cleanld-
ness would guarantee sgalnst infection with the germs of the common comminicsble
diseeses. In 1916 Dr. John F. Ardersor, Director of the Hyglenic Lsboratory
end & member of the Comission, stated that it was his belief thet all milk
should bé resteurized excepting the tetter classes of Grade A.

I the requirements for the producticn of gafe milk sppeer to bé lax,
4% should be recalled that much pertireni knowledge hes been geined during the
lest helf-century. The first tightening of the rules was made in 1917, when

the Cormisslion mdopted a resolution tzet all milk should be pasteurized for the

protection of the health of troops ezelnst élseeses cormonly cerried by milk,
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Chapter VII

Brucellar Repercussions

Tne campelg- egeirnst bovine tuberculosis had sdévenced successfully
te its finel stage, and essurance of the selety of certified rilk was generally
eccepted when a new vroblenm erose to verpiex the dalry industry.

The first cc-firmetion of my coservetlicn of the close reletlonship be.
tween the csgusal orzenisms of human unéulent fever ané bovine contegiocus sbortion
ceme from Dr. Xexrl 7. Meyer of San Francisco end hls collsboraters (1920).

Within the next fcur yeers confirmetion ceme from ten =ore investigators in.
seven forelgn countries.

¥eyer end ois colleboretors suggestel thel antiher becterial genus,

Erucells, be recognlized, to 1nclude the bezterie then fesignated Micrococcus

reiitensis and Bezillus enorius. t Wes & g00C suggesiicn exé was readily

edcpted. About IGZ0 the reme bruceilogls cexe into us2 Jor tke disease ceused
by infection with Trucellae in man ¢r lcwer enirgls, Prctebly this neme arcse
ingerendently in =cre then cne part cf the world. To =y mowledge, its earliest
use wes by & Frencr—en, Dr. Leurent, in nfs thesis presented in 1928 for the
degree of veterire-y "edicine gt the University of Iycon. This logical nexe

wes nuch needed. I<is use emphasizeé the eniral source of hurew infection,
Foxthermere, it rezlzced many names - ungulant Tever, MNzlie fever, Mediterranean
fever, and mummerous cthers - thal heé beern gpplied to the men dlsease. Be-
cause the new terms fecilitate .cla.ri 1y of expression, tkey ere used in these
mexoirs regardless oI whether the ircident under discussion oceurred before

the words were colred.
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My observations on brucellse were unaccepteble to those dﬁirymen
who hed invested in expensive equipment for the production of certified milk.
They took pride 1n producing clean milk, and scorned pasteurization, seying
that it could neke dirty milk salable. Some of them found it easy to believe
that the bhacteriologist who warned agsinst the use of réw mllk was collabora-
ting with the manufecturers of pesteurlizing ecuipment for the promotion of
sales.

Opposition in the dairy indusiry reached = peak about 1930, then
slowly declined a&s public heglth suthorities end physiclens graduslly became
more awere of the dangers of rgw milk, An Incident helped to turn the tide,
A child of cne of the cofficers of the orzenizetion cof dairymen producing
certified rilk contracted bruceliosis. Of ecurse the c¢hild hed never drunk
gny other then certified mil:.. Wzen the lesscn wes presented iﬂ this manner,
It was understandable.

A socevhat similer occurrence hestened the seceptance of pasteurized
rilk in BEnglend. The story was releted to me by one of the directors of the
Urited Deilry Company, vwhose oifice was concerned with the education of the
public ir regard to dairy procducts. In trying to creete a demand for pasteura-
ized mil¥. he wes making slow progress until thé news vas publiszhed that a
child of e distinguished ferily had contracted brucellosis, and a serious
bone infection made 1t & tragic cese. The child had grown up on certified
milk, which, to make the incident more déremetic, came from the herd owned by
a prominent weazlthy citizen. .This case wvas given consldereble publicity, and

thereafter the demand for pesteurized milk inceressed notably.
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Dairymen were fortified in their rejection of the idea that milk from
CowWs fhat appeared to be hee’thy could cause lman brucellosis, for their point
of view wes shared by certval:- bacteriologists who held high pbsitions in sei-
entific or ecucational institutions and in aédition acted as consuitants to
the dairy Inlustry. They thcught that the evidence that brucellae of bovine
origin cculd ceuse human dlseszse wes too memger to commend esttention. They
could not believe thet huren brucelilosis might exist without being recognized.
The fact thet infected domestic enimamls appeer to be healthy seems not to have
entered'their thoughts. Bul Investigetors wno read the literature or bru-
cellosis in Nediterranesn ccuzntries knew that this dlsease is so extremely
difficult to diegnose that even iz asrees wnere it is known to exist, ascute
cases ecrmonliy receive egn Inzcrrect diezncsis before brucéllosis is considered.

Tne —sst vocel scie:?ist cppceing the idems that brucellae in cow's
milk might ceuse human disezse wes ncne other thar Thneobald Smith, +who had been
one of the Zirst to wern ol ?his possibility, EHis entagonism increaseé through-
out seven yesrs, ending in & collision.

For 2 number of yeears before my first paper on brucellae wes published
in 1918, Dr. Smith had been working on brucellosis of cattle, and he must have
been studyins this subject in 1918 end during the su'bsequen‘t'years vhen he
opposed my point of view, for one of hls publications on brucellosis.of catfle
was dated 18,9, and another was dated 1925.

Frcr several sources I hesrd that he wes repeetedly-expressing strong
opposition. A collesgue whe was a member of the American Tuberculosis Soclety,
of vhkich Dr. Smith was presiéeﬁt, told me thet whenever he met Dr. Smith the
subject wes ralsed, and the discussion alweys included z remark to the effect

that he was going to refute my work.
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In the spring of 1925 metters seemeé to be moving to a crisis. Dr.
William H. Welch was obviously concerrned, end i2at indicated to me that some-
thing unplessant weas about 1o heppen. At the tixe of these events D». Welch
was Deen of the Schocl of Hygiene end Public Eealth of the Johns Hopkins
University, having retired in 1916 a2t gge sixty-six fvor ihe cheir of pethology
of the Madical School, a position he hed held with greet distinction since
its beginning in 1834, nine years before it was opened for regular classes.
Adcording to Williams, é/ Dr. Welch wes “the most brilliant star in the sky

of Americen medicine during this heroiz asge." /During Welch's 11fetime,

i

1850-193%.7

Dr. Smith's record avproached thet of Dr. Welch in brilliianey. He
began his career in 1884 as director of the legvsratory of pethology of the
Buresu of Animel Industry, U. S. D. A. ter ne wes professor of comparstive
pethology at Harvard Medical School. In 1915 ae becaze director of the Da-
partment of Animal Pathology, ﬁockefeller Institute for Medical Research.

Most medicai nlstorians agree thaﬁ his most outstandinz achievement was
accdmplished in the B. A. I. when he found that Texas cattle fever was trans-
mitted by infected ticks. It was one.of the first demonstrations of insects

&5 carriers of disesse germs. Dr. Smith.made rotable contributions to the
understanding of other diseases, particulerly tuberculosis. Tn the words of
Zinsser é/ Dr. Welch and Dr. Smith were "the two greatest individual inf%uences
that helped to hold the younger men working in the medicael leboratorles stead-
fast in the faith of the worthiness of honmest effort.”

3/ )

Hans Zinsser, "Theobald Smith, 1859-193L4," Biogzrephical Memolirs of the
Naetional Academy of Sciences, Vol. 17 (12th Memoir), 1936, p. 261
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As a member of the Advisory Bcard, Dr. Welch visited the Hygienic
Leborstory in the spring of 1925, I suspect :i.',hat he mey have come especielly
to see what kind of & sclentist wes veing harbored there‘, who stirred Dr.
Smith tc such fervid opposition.

In his cconversetion with Dr. McCoy, I imegine Dr. Welch opened the
subject with & question of doubt that had been ralsed in his mind by Dr. ISmi'l:;h
concerning the religbility of my published work on brucellge., I feel sure
thet Dr. McCoy must have told Dr. Welch that he trusted my competence and in-
tegrity. Apperently it was this conflict of ;innions that disturbed Dr. Welch.

After their conversaiion Dr. McCoy brought Dr. Weleh to Imy leboratory
to meet me. We ¢id not discuss brucellee until they were ebout to leave, when
Dr. Weleh saic he wished Dr. Smith ené I would compose cur differences in re-
gerd to brucellze. KXot knowing vwrat to say, I made no reply.

A few weezs leter I met Dr. ¥Welch egein at a meesing of th.e Mer.ica.n
Society of Trcpicel Medicine held irn Washington, D. C., Where I.pead a peper
on the geogrepiical distribution cf tre serologic grours of brucellae as de-
terrined by the egglutinin-sbsorption test. |

The reeding cf my paper wes followed by e discussion in which Dr. Welch
joined with kiné comments on the parer, but he concluded with the remerx that
he could not believe that infected cow‘s- milk might be the source ofl human
brucellosis. He then ceme and set beside me end repeasted whet he had seid
before, that he wished that Dr: Smith end 1 would get together to compcse our

differences in regerd to brucellee. Again, not knowing whalt to say, I xade

no reply.
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A few weeks later +the eipected unpleasantress happened, and at this
point another distingulshed medicel sclentist, Dr. Iudwig Hektoen, entered
these nmemeolrs (for the second time). In 1925 he was Director of Medieal Sci-
ences of the Nétional Feseerch Councll, The duties of that office did not fil1
hig time, &nd Dr. NcCoy offereC -ix spece et the Zyzleznic Leboratory to work
during his spere hours. He usel e vecant desk 2-& workbench in my leborastory
ﬁhich occupied the ertire eestern end of the secczd floor of the old brick
builéing. Almost every cey he ceme for alfev hours of work.

One day, without looxlrng up from his micrdscope he remerked rather
cesuelly, "I see that you ané Dr. Smith ere comirg to & clash.” i asked for
farther Information ené Zeerned thet Dr, Smith heZ been Invited to become
chelir=an of the Commitiee of Irnfectious Abortion P the Ksticnal Reseerch Council,
grc that 1t had been prizosed trhat I shoulé be Invited Tc be a ﬁember of the
cormitiee. Dr. Bmith =sezt = felégram to Dr. Megyrexé M. Metecelf of the Katlional
Reseerch Council declizing the invitetilon to be chelrmen, followed by a letter
o7 explaﬁation. ﬁr. Eeztoen teclé ~e abcut the contents of the letter, and on
the fcllowing dey he geve me = copy of it.

Dr. Szith wrote: "I em mow studyirg thorouskly soze cultures of so-
called Malte féver in zex, 8t least one of vhich zas Deen ascribed by Mies Evans
to the cow. My own results s0 fer indicate thet these crganisms and the or-
genisms from the cow ere not identical. You will see thet I should be at once
with a difference of opizion with one ol the merbers of the committee. This
work, however, is not ye: completed and will not Te published until fall or

even lster.”
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"This work™ was never published, for Dr. Smith was golng to realize
very soon that he was meking e mistske in opposing +the idea of cow's milk as
a source of Inman brucellésis.

Iizited Knowledge of brucellee at thet time was responsible for Dr.
Smith's confusion. In 1914 Treum reported that Br. gbortus Iis the causal
organisz of ebortion in sows, This was 1ts speciflic name until 1928 when
Huddleson devised a cultural technigue that differentiates bovine and porcine

stralns. The laiter were then ramed Br. suls. The gbortus-suis group is

readily distingulshed from Br. nelitensls by the agglutinin-ebsorption test,
which does not differentiasie bovine and porcirne strains. -

Iz Octover, 1922, the Tirst case of mman brucellosis to be recognized
;n this country in whicﬁ the scurce of infection cculd.not be traced to goats
was éiegrosed 1n the Johns Hepiins Hospital, Baltivore, Marylend. A culture
of the infecting orgenism wes sent to me by Dr. Herolé L. Amoss, with the re-
guest that I determine whether it wes of the bovine or of the eaprine type.
Acécrdi:g <0 the agglutinin—éhsorption test the strein was clessified es Br.
gbortus. The case was reported by Ir. C. S. Keefer in 192k,

I= compearing phe Baltimore siraln with bovine sirains, Dr. Sxzith noted
certein pethologic differences in experimentally.infbcted enimeis. This find-
ing led to further investigation of the source of the patient’s Infection,
which revesled that as a lsberetory essistent st the Johns Hopkins School of
fedieine, he hed been In frequent contact with porcine tissﬁes frem a slaughtera

house. The strain was clesgified =s Br. suis several years later, with the

aid of the new eriteris.
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The first case of human brucellosis in this country in vhich a culture
was cbtained from the petlent and fhe irnfection was treced to infected cow's
milk occurred in Ithace, N. ¥. Dr. C. M. Cerpenter of Cornell University,
who reported the case, obtalned the ;thu:e in February, 1925. He sent 1t to
me for the determination of type and I found that according to agglutinin-

gbsorption tests it was of the sbortus-suls type. If Dr. Smith hed had the

0p§ortunity te study this culture thoroughly, perhaps the finel incident of
cur coniroversy mlghit have been averted. ‘

¥Wrnen I learned thet Dr., Sxith heé relised doubt in the K¥etional Research
Council epout the valldity of =y work, I thought I ought to dc sométhing about
it. I d&iscussed the matter with Dr. McCoy, end he said he did rot know of
erything I couid do with dignity. ﬁe re~inded me consolingly thet "Truth
will prevail.” I replied thet a men of Dr. S-ith's steture cculd delsy recog-
niticn of the truth for yesrs.

AfZer thinking hard for 2 few deys, I cdecided T coulé esk Dr. Welch
to intercede, end I drefted a letter tc hlm. Agein I consulted with Dr. McCoy,
for every oprcfessionel letter written by e subordinate hed to be epproved end
forweried by ihe Director. He seid thetl the letter wes all right, end that I
could send 1t. But he warned me thet T enould not expect a reply, for Dr. Wéich
hed the reputetion of never writing letters. Even during tke years when he
wes co the Advisory Board, Dr. McCoy hed never seen a letter written by him.
Dr. Welch's technigue for the avoidence of writing letters was told smusingly

by ore of Lis blographers.
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In my lettier to Dr. Welch I reminded him thet he had said he hoped
thatl Dr. Smith and I would edjust our differences of opinion, and I contimued
in pert: "It has been reported to me from snother source thet Dr. Smith is
strongly opposed to the idea that cettle may be & source of undulant féver .
in man. I am not personaily acquelnted with Dr. Smith anc cexnot very wél;
eddress him on the subject, but since you appear to be in touch with his work
T am writing this letter in crder that 1f you see fit you ey cormunicate with
him vhen opportunity comes.

"It seems to me thai Dr. Smith could not teke the poizt of view that
the so-celled 'Bscillus eborfus’ is non-pathogenle for men if he knew the
evidence that has acourrulated in the last few months in Itely end South Africa,
es well es in this country.” |

Two days mfter I meliled the letter, & reply came froz Dr; Welch in his
own hendwriting: "I e= very much interested in your letler. i em taking
the liberty of sending it to Theobald Smith. I think sc Zighly of the work
of both of you that 1f I can be the reans of bringing shecut e fapport between
you end him in this izportent study, I shell be gratified . . .

"I not too much troudle can you give me the reference for the South
African cases?"

I snswered Dr. Welch's letter by return meil, enclosing & list of six
references to articles in recent British or South Africer medical journals re-
porting brucellosis in men contracted from infected cows in Southern Rhodesia.
Altogether 35 ceses were reported. :

Dr. Welch sent the list of references to Dr. Smith, e=d ;about a week

leter I recelved g letter from Dr. Smith, a part of which I quote:
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"Dr. Welch hes kindly sent me your letter bearing upon the relation- ¢

ship betweén B. ebortus and B. melitensis, Thus fer I have not published

enything and I did not know thet my private telks had eny publicity . . .

"On the whole, I thinﬁ that the accuracy of your work does not come in
question =s far &s it has gone. Nor do I think that it would suffer if you
suspended judgment untll the unknown factors responsible for or contributing
to the incidence of the uman cases have been brought to light."

The next move took more time. Six months after recelving Dr. Smith's
letter I recelved & letter from the secretery of the Division of Bilology and
Agriculture, National Research Courcil, Inviting me to serve as & member of

ne Committee on Infectious Aboriticn, which hed been reorganized recently under
tne leederskip of Theobald Smith. I sccepted, azé I rerained a member of the
committee for six years without memorable incident.

The tnin file of lettefs pertein;ng to the episofe preceding my eppoint-
cent was given to tne Library of tkhe Depertment of Bacteriology, Urlversity of
Wisconsin. + cortains the copy thet wes given to me of Dr. Smith's letter to
tne Nationel Reseerch Courcily a carbon .copy of =y letter to Dr. Weleh; Dr.
Welch's letter to me; a carbon copy of my reply to Dr. Welch, with the list of
feferencés t0 reports of hnmmen cases of brucellosls in Southern Rhodesis traced
to infected cows; Dr. Smith’s letier to me; the letter from the National Re- .
search Councll invitiné me to serve on the Committee of Infectious Abortion;

g carbon copy of my letter of acce?tance.

Although Dr. Smith's opposition was ellsyed in 1925, other dairy bac-

tericologists elung for another decade or longer to the argument that bovine

brucellee could not be the cause of Inman éiseese because cases of brucellosis

»

I
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were not reported. IZf they had followed ithe medical literature on the sub-
ject, they would have learned that cases of human disease ceused by infectlon
with bovine brucelleze were being found I1n scaitered areas of this courntry,
end also in other countries, occurring sometimes as small outbresks, for when
the doctors of a given area were slertec by the diagnosis of one cése, other
ceses would be recognized. DBut generally brucellosis wes unrecdgnized, and
té this dsy meny ceses are missed, especlelly cases of éhe chronic disease,
because of the difficulty of correct dlegnosis, and because too often bru-
cellosis is not considered.

Only & roﬁgh estimate can be mede of the incildence of thie disesmse.
T» 1947 T presented evidence indicating thet the actual mzmber of cases occurring
in this country was et leest 10 times tae nurber of reported ceses. This

estirgte was acceplted ms reascnable by the Journal of the Lzmericen Medical
- it

Lssocietion in its Current Comments.
It wes elmost six yeers after the Tirst case of humen brucellesis pot

treceable to goets wes recognized in this country when Piblic Heelth Reports

bezen reperting reguierly the prevalence of "undulent fever". Two csses were
repcrted in July, 1928, and in each succeedirg month the nurber increased,
rouating to e pesk of 6,321 reported ceses in 1947. Since then there hes been
e steady decline to 636 ceses reported in 1961. )
Obviously the rspid increase in the pumber of reported-cases'was due
iergely, 1f not entirely, to tﬁe grovwing awareness of the disease, The decline
zey pe attributed chiefly to the decreasing number of infected cattle, with

tne additlongl fsetor of increesing usege of pasteurized milk and othef dairy

products.
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To reduce the enormous loéses due to brucellosis in the delrying
and cattle-raising industries - the estimeted loss was $100,000,000 in 1947 -
e federal-state program of eradicetion of the dlsease from cattle was begun
in 1934, The animels were tested for evidence of infection, and reactors were
sleughtered with compensation to the owner. About 1940 enother supplementary
nethod of combat was introduced - the vacecination of calves to increase the
enimel!s resistance to the disease.

The first series of tests indicated thét_ll.ﬁ percent of cattle in
this country were infected. By 1941 the percentage had been reduced to 2.4,
When during World Wexr II the program slackened unaveidsbly, the percentage
of infected animels doubled. In 1947 & nationwide conference on brucellosis
wes held which sparked a greetly =ccelereted effort to eradicate the diseasef
The campeign egeinst bovine brucellosis continues sucqessfully, vith & large
rert of the United States now “"certified brucellosis-free” or "modified cer-
tified brucellosis-free", which signifies that infeection eppeamrs in no more
then one percent of the animels &nd five percent of the herde,

The gosl of complete eracicetion 1s approeching, but the last stages
of the campaign will be long &xc éifficult beceuse cgttle ere Susceptible to
infection with the porciné ané ceprine types of brucelliee, and because other
species of demestic animals aré elsc wild animals are susceptible to infection
with the various types of brucellae., Ae yet, little 1s known sbout trans-

mission of the disease from wilg to domestic animsls.

-
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With the gredusl decline of milk-bo;ne brucellosis the humen disesase
i1s becoming more and more occupational, ozcurring chiefly in fénmers, veter-
iparians, and workers 1ln slaughterhouses, meat-pecxing plants, and in other
occupations necessitating contact with infected enimels, thelr carcasses or
tissues., As the percentege of ﬁumaﬁ cases of infectio; with Br. ebortus

declines the percentage of cases infected with Br. suls increases, and the

disesse in swine is of growing concern. In 1961 the U. S. Department of
Agriculture began what will become & nationwlide program of eradication of

porcine brucellosis, in cocoperation with the states.
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Chepter VIII

Studies on Bruceliosis &t the Hygilenic Ladboratory

During the summer of 1922 en outbreak of disease occurred@ in Phoenix,
Arlzona, and after several weexs brucellosis was suspected. By the end of the
surmer 35 cases hed been recognlzed. Sqme of the petients were convalescents
recovering from tuberculosis, two of whom died. All of the patients had Arunk
freely of rew goat;s milk,
| In response to & request, Dr. Gleason C. Leke of the Hyglenic Lab-
oratory was detalled for duty iz Arizona to cooperate with the state end local
health officers. He mallel tc =e for identification cultures from human cases,

and from goat's milkx. They were founé fo be Brucells melitensls, the veriety

typical of caprine infectiozn.

While I was studyinz vhe culvures from Phoenix, I received the Baltimore

{3

cwlture which has already teen &iscussed., The finding of the Baltimore case
of brucellosis, the first to be':eported in this country not of caprine origin,

and the recovery of the cansal organiem from this petlent gave me valld reason

_for resuming the study of bruceilse. It was the event for which I had been

waiting.

One dsy the subject of himen brucellasr infection was under discussion
with Dr. McCoy and & few other medical officers of the Leboratory. The sug-
gestion wes made by Dr. Walter T. Herrison that there was one mcre experiment
that should be carrled out which might étrengthen the evidence of close re-
lationship between the causel;organisms of bovine contaglous ebortion and
mman undulant fever. He thought a pregnant cow should be inoculated with

Br. melitensia, I egreed that if arrangement could be made, such an experiment
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shoﬁld be carried out. Dr. McCoy said he thought he could meke an arrange-
ment with the Bureau of Animel Industry, U. S. D. A. He did so and shortly
after, he eccozpanied me, carrying s culture of‘gz. welitensis, to the famrm
where experizents with brucellosis in cattle were being conducted. It was
located in Chevy Chase not far from the southwest corner of Wisconsin Avenue
and Bradley Boulevard. The lermnouse which wes used as & laeboratory lster
beceme & recreation center for the Bethesda-Chevy Chase area, and it is still
used for that purpose.

The pathologists of the B. A. I. assisted in carrying out my experiment
willingly ené cheerfully while frankly expressing thelr skepticism, as did
their yournzer colleazues six years earlier. One of them said he didn't think
anytning woulc héppen. I ventured to reply thet 1 expected sometping would
happen.

Forty-six Gays efler & pregnent heifer was inoculsted, she aborted.

EBr. melitersis was cultivated from the stomach contents and from verious other
fiuids of the fetus, and from the heifer's colostrum.

My next undertaking wes & survey in search of cases of lmmen brucellosis,
zede py exsmining the remnents of 500 semples of human blood serums recelved
et the Bysierie Laberatory for the Wasserman test. One hindred four of the
szuples ceze from the Neval Hospital on the grounds of which the Hygienic{iab-
oratory was located. The remainder ceme from many places 1n northeastern -

United Stetes, most of them fram veterans' hospltals.
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Of the 500 serums 16 (3.2 perceni) agglutinated the iwo test eniigens,
one prepaved with e streino oi‘gz. melltensis, and the other with a strein of
Br., abortus., TFifteen of the serums geve slight reactlocs in dilutlons of 1:%0

or lower, too low e titer to be acceplied as evidence of present Infection., One

serm received from the Nevel Hosplitel zeve a positive reasction in e éilution

of 1:;320. This would heve been sccepied ungquestionsbly es eviéeﬁce cf bru-
celloslis in ereas where the disease Is erndexic. A second semple of the retient’s
blood was obimined, and by gbsorving ~ze azglutinins from the serm wilh bru-
celler entigens 1t wes determined thel ike infecting orgenism was of the

goortus~-suls type.

The xmedlicel cfllcers who hel exerined the ambulelory rvelient sccepled

whe Giesnosis of bruceliosis beceuse Tzey ned founé no evidence thet led thex
to sustect any other dlseese, The pét:e::, who lived in subuwrban Virginle,

hed been in the nebit of drinkdng rew 2sw's milk, This wes the seccnt cese

ol mmman brucellosis rot traceedle o geets Lo be recognized in this countly.

From the forelgn litergture cz trucellosis T =eé leprred thsl henéling
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contreciing meningiiis or typhoid fever w=uld mot gusrenies asaminst Infecilon
with Yrucellee, Forbly years later, et the time of this writing, the éenrer
of contrecting brucelileosis in laboratiries is well =r wn from wlde expericnce

in meny ledboretories. Brucellsze heve teen found to oulnumber by for pny ciher
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1

¥ith intensive work in progress om several strains of Br. meliténsis

from Phoenlx end the sireln of 3r. suls from Baltimora, it was elmost ineviteble
thet I should ﬁecc:e iznlected., It ﬁa@peneﬂ in QOctober, 1922, ;itthE- melitensis
as the asgent, proveé by culiures obtained in 1923; 1928, endé 1931. Meny yeers
of 111 heeith followed the infection, with periods of complete incepecitetion
elterneling wlth pericés of pertisl or complete fecavery. The last disedling
ezacefbation'cccu:reﬁ ir The syeeeer of l9h3, elmost Twenvy-cne yeeaxs alfter the
dete of 1nféctiop.

As In most ceses o chronic brucellosls, there were no physicel signs
of disease during Zong ;eriedé oF 111 keelth, and T, like very meny cother
chronic brucellosis petlents, recelved the dlegnesis of "neurastkbenie" (the
ter~ commonly usec in Lhose ans), vith its Iimplicetion ol :eliﬁgering. In
ny cese, exonersticn care In 1928, efter yesrs of 111 health, through the
intervention of enciher fiseesa wikich required surgery. Cu;tivgtion of 3r.
relitensls frcem clseesed tissue expledineé the prolenged 133 hea;th.

My experierce uﬁth ::renic brucelloslis geve me op?crtuniﬁy +o observe

gt first hend this Jor= of the dlseese, with Iis impliceticns, Iz the 1920's

it was practically unksncwn In Americen zedlcelse, though Creig hed deseribed
three cases in returned soléZers who hed served in the Phildippine Islends

duri=z +he Spenish-imericen Wer of 1898. ; ;

L

itorranenn aree, and lesvnedé thet this diseese was prolongec in zild form in
rany cases. onéd “hpt the chveonis petients were opt to be regerded ss neurasthernic.

T nover doubted thet brucellsr infectlon was the 2ruse of oy trctble. e
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disease is beltler Xnown now, with slowiy growing recognition of the fact thet
the tests which ere genermlly relleble for the diegnosis of acute brucellosis
cormonly Jail to cdetect evidence of infection in ceses of the chronic disease,
In receni yeexs, however, with the sévent of dlsebility insurence and
the acceptiance ¢l brucellosis es = compenseble cccupetional hezerd, malingering
is somelires suggzested In the literature on brucellosis es & reason for the
fallure of reccvery, or it 1s suggested thet e élegnosis of psychoneurosls
pfior to infection be macde. The Injustice of such dameging Judgments besed
on feulty evicence was obvicus when in one sweesing Indietment it fell upcn
sixteen crronlic brucellosis petlients who felled to reccver after contiracting
the disease iz the leboratiory et Fort DetrleXx. I was Incited to take up my
brucelloslis tTen ezaln efer sixteen yeers of reillrement, In en etismpt to
stimulate & more zeelous sesrch for knowledge of thls obscure disesse,

To Se 211 endé regerded as mn Impostor is o be in sn elmost intoleredble

13

situation, exé e Sameged reputation 1s not readily repeired. The rule of law

that the suspected shoulé be consideredé inmocent unless gullt is proved ought
to be spplled 2tso in mecliclne.

A Iyrersensitivily to bruceller entigen ended zy work wiih culiures

40 other subjects of siudy. In 1936, however, I

n-

of brucelles, end I turne

returned o & Tirel irastligzation of & cvuce"a_ oroblem in which I hendled

no lving cultures. I plenned end coordlineted the work of a teea of three

young doc::rs wno carried out field investipetions to determine the prevnlence
of chronlce brucellosis. Ye included in this siuéy an eveluetion of the varlous

laboretory procefures in use at thet time for the dlegznosis ol brucellosis.
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The areas selected for the surveys were three widely sepercted cltles
of the United States where a large percenfage of the milk wes consumed raw,
elthough the herds supplying the milx were known %o be infecied with ﬁrucellre.
Through the courtesy of the locsl physicians & sesrch for e’“éence of brucellar
infectioh wes mede among chronic patlents In.vhom setisfeciory evidence of
diseese was lacking. '

The survey which geve the most informetion wes in e city of shout
107,000 frhabltents, in en area where a simulteneous survey of bovine bru-
cellosls was being carried on 2s g pert of the netlionzl progrz= of eredication
of the disease fron cattlé. This ecity weas gelected for e stucy of the prev-
glence of the hmean disegse becesuse 23 percent of cows were Zzund te be infec%ed.
and €1 percent of milk wes solé rew.

Arong 325 ceses sTucied, 22 were found In which brucellosis eppeered
10 be the loglcel diegncsis. In 5 ceases druceller infectlon was proved by
cultivetion of the orgenism; in 9 cases clinicel considergtic:s were supported
by positive agglutiﬁative regetions with bruceller sntigens; Zn 8 cases a
diegrosis of pfobgble orucellosis wes mede cesplite the feet that specifie iests
fedled to confirm the clinical evidence of brucellar infecilzzn. In gznerel,

the conteets of the 22 bruceller petlents were limited to the Ingestion of

milk gnd other dedlry procducts.
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- . Chepter IX

Southern Rhodesle Ieeds .5_._1_1 the Recognitiorn

©of Evmen Brucellosls of Bovine Origin

The first person <o peke prasticel epplicetion of tke new knovledge
of the reletionshlp betveen Br. melitensis and Br. gborvus wes L. E. W. Bevan,
g veierimerian of Southern Rhodesie. From the time of his e..:-rival in 1905 he
red encountereé cutbreeXs of contegious gbhertion In cattle. Also a nysterious
Infecticon of men vwhich éefied dipgznesis be;:e::.é e matter of greet concern in
thet erez. A Dr. Apoleyerd, en old but keea cliniciez, suspecied that Ik
Clceese might be & form of Melte fever, which he hed seern elsevhere.

In 10821, when Bevenr reed sghout the relatlonship beivween Becillus gbortis

End Micvceopocus melftensis, he begen Lo "think furiously.” Fe studied hespiiel

racprés gné WEs StIuck Ty the fact thal meny cases 0f'the gbhscure discese ceme

from fpr—s Wnere there wes no ponteet with goets. Firelly s petient carme Trom

g= avepn where Beven xnew the cpttle were infected. He prevelled upon the

geotor 4o ovtein-a sexple of the patient's blood ené he found thet +the corum

geve & posiitlive zzzluiinet! re resetleon with the stenderdéd susvensien of 3r,

LI ]

etortus In dfluilons es hizh s LiZ00. The case wes reporied In the Jeanuary,

m

i1ssue of Trensectiszns Rovel S:z2isiy of Trovicel Medicine end Yyoiene,

n il

Scon effcerwerds Teven siucdlel other cases of unldentifled dlszcese which he
Cleznosed as brucellosis Dy meens of the esglutinative fest.
YWorxing in the sexe srep with Seven was the becterlologlst Qrpen. In

<he July 22, 1923, issus T Scuth Alfricen Medicel Fecord he descrided his

-

=othod of obitzining blicod culiures froz peilents wiith brucellesls, oné in the

Foorugry 23, 1924, issue of the seme journal he reperied that by zeans of the
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e.gglutinin—e.‘::sorption test he ldentifled the Southern Rhodesian strelins es
Br. gbortus. Since Orpen &i1d not glve the éate wher he firsi cbtained bm.
cellee from & patient, L1t is questlionadle whether his proof of human infeciion
with brucellee of bovine origin entedeted the cultivetion of brﬁeellae of
porcine origin from the Baltimore case Iin Ogtober, 1022, which was reported

pRng o i i +)

by Keefer in the Jenuaxy 24, 192k, mimber of the Bulleiin of ihe Johns

Y

Bospitel. The records show, however, thet the first recognized cese o2 himan
Irnfection with brucellae of non-ceprire origin wes Jound In Southern Fnodeslia
the year before the Baltimore case oceccurres,

In 1625 Beven wrote that 35 cacseg of brucellosis hed bwean recoznizess
in Scuthern Bhodesia in persons who eould not heve received Infastion Irom
goats. At that time ozly five ceses of humen brucellosis not ireczell
hed been recognized in the United Stales, three of which were o porcize anc

two of Povirne ordigin,
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Chepter X

Studles on Streptococel

For many yeers I cerried oz studles of streptococci, chiefly the
beta-hezolytle streptococel belonging 1o group A, in varlous espects ol thelr
reletlon to disemse.

Before the dlscovery of the two therspeutic agents,lsﬁlfa compounds
end penicillin, which ceme Into generel use ebout 1940, the chief incentive
I.-_"or investlgations of pathogenlc sireptococci was the acquirement of knowledge
which might lead to the developmeni of therepeuilc antlserums. When the cures

were founé, 1l seemed thet a dregz hed come true, and ihet further strepto-

I hed begun wmy sireptococcel siudies e rurter of years defore 2950 and
I continue¢ them until retirerment “n 284 45, for I -ed dorne zuch work, =né much
rore neecec 10 he done before connlusions could te Erewm In the griermdt to deo
vermine whether an immunologic relationsﬁip exists betwsen sirains of heterologoun
acglu£inative types.

In 13219 Dochez, Avery end Lencefield reportied thelr stuéy of e Mimited
number of stralins of four biologlc tyves and & few untyped sirains, They found
that asclutinetive repctions were correleted with <oe resulis of proiscuiion
tesis: they observed no cross-protection beiween ezzlutinstive tvpes., A theory

L ]
of the unity of type in streptocescel Irmunity wes formeleted, which did no%
include the possibility that the baeterisl celle might have components other
then the iype-specilic antigen which could give =ise o proteciive reacrtions.
Their theorv. beseéd on the study of & few stroling, remeined unchallenzed for

wore Li.nn Lwo decates.
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When I began ﬁy studles the number of recognized tyﬁes hﬁd,multiplied

I3

to =zbout ihirty, and it continued to incresse. 'The time hed come, I thought,

to re-examine the immunologic relatioﬁship between these meny egzlutinative

types.

In the first phese of my study I selscted strains of streptocacel thet

were déistinguished from the mejority by lack of ebility to ferment lactose.

.

They were chosen for the practicel reason that Znability to ferwent lectose

was correletved with high virulence for mice end merXed =bility to produce

potent entiserum in rebbits. The egglutinetive reactlons of these sireins

pleced them in types 14, 15, 18, end 19. I prepered protective serums with

one sireln of eech of the four iypes, end

tvested the polency of the entlsermzms

in wice inoculeted with dlluted culture. T Zouné thet three of the four entil-

seruzms gave cross-protecilon, one ggelinst L of the three heterologous sirelns,

one gzelnst 2, and one eselinst ell 3,

Eo

The study wes continued using enviseru=s predeved with the Tour sireins

used in the prelliminary

s

¢y togetiher with sddizlionel entiserums, {wo of

which were prepered with e mennile«lermeniling strein, one of tyre 6, “he other

of tyve 22, Aniis

the types no strel

ety

erums of other iypes wWere Limited 1o flve hecause 1z most of

n suiitetle for the producilcon of entiserum cozuld be found,

I found thet the rolilitly of the sirepiocsesl to ferment mennite,

possessed by e reletlvely few s

and that these, as

lence Tor mice end 1

traeins, was zorreleted with serolegie preouvring,

lelent stireins, possess high viru-

irn rebhiis pntlsexuims of high votency.
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The 11 entiserums were tested in mice for protection sgainst 56
streins of streptococeli of éo egglutinative types. One of the serums fmiled
to show protection egeinst eny séréin of heterclogous fﬁpe; ten gave pro-
tectlon epeinst one or more strains of heterclogous type. The rannite-fermenting
streins of types 6 end 23 were fourd to produce entiserums of wide fange ct
potency, that of type 6 vroducing antiéerum which protected egeinsi 20 strains
of 15 heterclogous types, and thet of type 23 producirg ern entiserum which
protected sgeirst 20 sirains of 13 heterologous types.

The streins of type 23 waich prcduced en entisernm with wide renge of
pote:éy hed been studied oy Aronson four decades ezrlier. EFe found thet the
entiserun produced bty this strein protected egeinst meny streins of streplococed
frox verious diseese sources. Xis chservetions were conlirmed withlin g few
yeers, ené the Interesting s<rain was Xept elive in severel leboretories.

Byt fronson's provhetic observations on the provertles of this strein were
forgotten, while the theory of uhn wiity of tyre-specilicilty wes generzlly

accepted.
In 1955 D. G. Fleck of Ioncen reporied & study cf one strain of strep-

tococcus of exch of four types, 1, 6, 18, 2nd 23, in which I hed founé sirelns

- ]
which produced entiserums cepable of giving drotectilon eseinst sireins of

heterologous tyves. Irn hls first series ol tests he feound no eross-prolicction,
but “he entiseruns of iypes 6 and 1 seemed to delay the éeeih of the mice In.

feeted with Sur&i. ~8. He prepareé another entiserusm with the strein of type 6,

and this geve "significant protection ageinst infectlon with the type 18 sirep-

&

tocccel.” The cross-proicciion obiainaé wiith the one aniiscrum of type 6 wes
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'_confirméd by 1ts enhencement in the blood of s mouse of Phegoeytosis of the

streptococci of type 18, but of no other type. Also in a precivitin-sbsorption
test & reletionship between types 6 and 18 wes shown.
During Worlé Wer IT the first report <o be mede by en epide:iologist'on

+ -

group-specific Iromunily egealnst strepiccoccel Zxfection was published by Rantz
‘and his colleboretors. They reported (1945) thei during & “ood-borne epidexic
in & milivery hospliiel caused by sireptoccesl ¢ type 1, more then 2350 cases of
elinicel infection were discovered., A nuxber of men previously infected by .
other types of group A streptococel were hospitélizeé gt the vime of the epidenic,
end were exposed to the infectlon, Necne of fhe: }eacted to tbhe presence of ihe
néw type with zore then e zminimm of elinicel signs.

For yeers the la%e Dr. Schwentrzer was erngezed in studies on the epidem-
lology of sireptococcel infectlons In Eurqpe, Zn the U. S, fomy, and In tﬂe
U. 8. Yevy during Worlé Wer'IZ. In 19L3 he szie: "All our observailons point

towerd & conclusion thetl resistance to sirepifcoccal Infectilon Is due, ot least
. L/

in lerge pari, to soze xind of type-specific Z—uni<y." In e later report

4

Dr, Schwentker stated tiat he undervook nls =avel reseexrch With the beliefl thel
Ixmunity o strevtscccezl Infectlons was tyze-specifle. 2Bul before maXing this
reoort he chenged his rmind, after cerryling oul an experiment in which a group

of men were Irmunizeé with veccines prezpered with e single type of stireptoccceus.

ko

This group showeé 33 percent reductlon in ithe {otel nuzber of sircplococcal In-

the tyve of sirein he useé Lo prepere the successiul vecclne,

Y
Franels T, 5o
e Journal-Ian
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Holmes end Wiliiams (1958) observed sirepitococesl infections fﬁr 32
yeers in s home neer London with an average populeiior of more then 400 chil-
dren. Avong the children with tonsilg; but not significantly in those without
tonslls, the perceniage of cases of 1llness wes substantielly lower in the

féroups wiih g history of heterologous type 1liness o? exposure tﬁan in the

unexposed grouwp.

3

Avperently Dubos hed in miné the streptococel when he wrote In 194S:
"The obvious mportaace of the tyve-specific entigens, end the eese with which
they cen ve studied, has led to the cocmperative negléct of the other cozponentis
of the tezteriel cells which can elso glve rise to protective reactions. There

i, howewver, much evidence for a type of scquired lwmunity whieh iranscends the

Aizits of type gifferentietion and which is effective for & whole beclerlicel

Dubes ~  relses = guestion concerning the validity of ithe experimental
aporoesh whlch seperaies "phenomene end structures into their elerentery per-
ticles, . . . Lo stuéy these oy highly refined enalytical methods . . .
Everyining in neture partaxes of organized coxzpliexivy, end the scleniisv must
therelors Zezarn 1o stucy experimental slitueilons involving a.ﬁ rmver of Dutuelly
: derired from reflectlons on biolosic
science in generel, emphaslizes whal the limizted data on strepiococcel group-

speclfle Lr—unidy point ouv, “haet lhe _ﬂdurobe“_c propertlas of the entire

bacteriel colls should be consicdered. To funwre Invesiigelors of the eniden-

- ey, ke Lo oavy - Ead =T Y . - -
Rer.e Dibos, "The Szientiflic Dreoms of man,” wWorld Heelih, July-Auruei,
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Chepter XI

Streptdcoccel Bécteriophage

One of the flrst festures of sireptococei to ettrect my sttention
wes thelr susceptibility to beclerlophage, and I beceme interested in the
possibllity thet host susceptltility to the vericus iypes of sireptococcal

vhese might serve es e useful chevacter for the identificatlon of sireins.

A good stiert heé been made on phege~typing of +the Enterchacierlacess, but

this meincd of clessificatlon 2ad not been utilized spprecisdbly in siudles

of other dacteriasl femilfes, githough tke phege phenczmenon had been dis-

S

covrered ebous two decedes egrlier.

¥y Tirst concern, however, was with aa Ideas of thetl tize thal since

nhese deeltroys decteria, It should be & good rexely Ior declerial infectlons.

The resul<s of my exseriments in mice ané rabbliis shoved thet phege inoculated

i3

wogether with sensitive sireciocoze!l did not protect i

i
1]
X
[
[F':
F
g
t
W
ir
1
H
=

found that in testi itube experizmenis the scilon of sirepioccseel these wes in-

hfbited Ty enicel Tluids. This mipht offer an explanetion of Its Zzmpotency

ct
fa
i}
et
v
b
v
(I-
L) 4

es e therepeutic esent. There wes sore evidernce that phege =igh
g sublethel dese ol sireptococcl in mice,
<0 types of strenioccceel phage hed beern deseribed Tefore oy woril on

this subject Tezen, neither of which was cepeable ¢f lysing sireins of guooun Al

r

WO

L 1

I seercheé for phese with an elfinliy for streins of group A and feund
IO e Pk}

serolopicelly distined races of differing elflfiniztles, end ¥ essistent, Ilsie

Socxrider, found another race ol phaje with en effinily fcr cerimin sirsin

Ly

of group & not lysed by the reces previcusly found,
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It wes noted that sensitivity to the verious types 6f phege wes
correleted with physiologic and serologic cheracters of streptococei. This
strengthened the belief that phege-sensitivity patterns might be e useful
charecter to 21& in the determinetion of reletionship between straiﬁs, end

in the differentlatlion of closely related strelns. Iysogeny epvears to have

poteatliel signilicence in evidemioleogicel studles.

The most interesting observetion that resulied from my siudies on
streptococecel phege ?as that at the moment when the phage was Gestroying the
hacterizl cells of e sensitive strain,.collateral lysis of certein cocel thet
were resistant to the £iltered iysaete would oceur, I celled this the "nescent”

tete of the phege. A siniler exhencement of thé potency of stephyleococcal
pheze in ithe Tresence of e growing sirein hed been noted previcusly by Gratle.

With the Zepse of years belcre recogniztlon, 1t seexed ps 1T =y odser-
7esZion of nascent phege would sini quietly irto oblivion. Then, Twenly-inree

yeers afier oy first publicetion on the sudject, Mexted of Icondocn end Krause

34
*
c*

of Zocreleller Znétitﬁte published reporis oz studies of neascen
ehcut the saze time.

Mexted, and Kreuse, andé Investlgators in other levoraterlies nove oX-
tovged severpl 1frnes of study on ihis-pheno:enon. Resulis Iindlicste thet it

is =o%t ihe phage thel ceuses ceclleterel lysls of resistant sireins, dbut &

L8]

] -

lebile lytie fector with enzyoetlic properiies whlch 1s dreduced by the in-
Terted strein at the time of lysis. The enzyzmatiec factor mey Se useé to
resecace vorious entigens from the cell wells of group A stircpicocceci. Follow-
inz zanether Mne of study it Zes been found teo produce proivrlectis and I forms

o7 sroup A streptcccceci. This cpens a new approach to invesilgatlons ol

ernnring morpholosy.

avael
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i - : Epilogue

The pesseze of elghteen years since retirement gives a point of van-
tege Irom which 1o review wlibk consldersble objectivity the events thet sheped

my cexeer., I reliving them ené reviving cld rmemories, some simost Torgovten,

oy izpellisp Interest wes In seerching the TSac

™

zground which determined the

course ¢f events, &nd in exegmining the present svevus of problexzs on vhlch I

Worked, o mpprelise the reswits of my eflorts in the light of subseguent trends,
These prehings beceme & pert of the wenoirs a:d.crbwﬁed ocut co::eﬁﬁs thet might
heve teen mede on projects that demended Z=ss of my tire end thought.

Czitted elso sre mexorebhle incidents vﬁich ghsorbed tezporery aitenticn.

If %kis pen were zore feelile, I =might éwell 9

1 soe 0 the richly endowed per

1

L

soneli<Zes, end the beeutles ¢l nature s=i ert thel entered =y Zife an

[&1]
g
I
4]
ta
i)
DJ

out, Zeeving <heir lmprinus. s
Certelinly, there era regrets over £I177icull situations thel T misht
heve nenéled petier. 3Dui ithe course ithet wes oven for my shiv 1o sefl wor on
P ot -

- £ — ke o - — = e - am - i wh a5 - - -
the whole cretifring, The joing wes roufz et tiwes, gnd there were eireiches

of clemr salliing 100,

washington, D. C.
Septembver 2, 1953
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