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<:> Zeitschr, fur lmmu-itatsforsch, bd, 73, Hoft 1/2: 37-148, 1931,
hiober, I, - Tho kacteriopha-e-content of Chicken~droppings and the Influence of
Feeding of Dysentery Bacteria on the Origin of bacteriophsges
! One of the rarest phenomena in the arcvs of bacLeriophAge research 1s tho
octurrencc of bacteriophase ii. animels which work quite strongly and ocrasiciuully
apparently exclusively against human intestinal parasites, suob as typhus, cholers,
and dysentery-germis, . with which they bave never come in contact, Tﬁus, for
exarple are found dysentery-phages in crows (Haden), typhus phages in cattle, ' !
swine, etc, The chicken-dropping is recognized as one of the most productive
sources of bacteriophsges against all grem-negative bacterle (D'Herelle, Bail,
Watanabe, Hoder and Suzuki, Klieneverger, etc.), However, up to now the questio~ -
of the crigin of the lysine has not teen solved, Two possitilities arise (1) Lh
v
(:> autochthonous origin of the phages in the intestine and other organs cf tche i
enimal concerned, and (2) the taking on the lysine from the surroundings, where
tLey are always abundant, In sewage, tap water, ground water, setc,

New-born anirals snd foetuses are free of lysine (Vedrenne), In the
zeccnium lysine was first detected on the Lth day (Suranji and Kramar), Van
logben aad Ferelll found no phages in new-borne rabbiis, and the snimals remained
phage-less when raised on ultraate;ile food, Doeir found no phages in cnicks

| raised sterile and unsterile up te the 7th day, Phages first occurred on the
15th cay, and they were effective on Coli-germs of the intestines, Doerr des-

crived feeding with coli-bacteria whioh resulted in the occurrence of phages

which worked nct only on the coli-strein but also oa other races. Ve, in con-

trast to Doerr, found, not only in sterilly-raised cocks but &'so in chicks

{pallets) which had been fed om Bact, coli and various h man-psthogenic intes-

<:> tinal germs throughout their lives, neither culi~-phages nor typhus-coli-dysen-
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tery~phsges,

borchardt isolatea bacteriophages from feces of rabbits which had bean
fed verious dysentery-strains alter neutralizing of the stomach-acid, This
slowed thut pancreag-ferment activated b, the enterokinsse 1s the “primum
moverns" for the .ysste-formation,

Marcuse found likewlse no phages in cocks, but he did find pneges in s
lurge percentaze of grown hens and in all pigeons, He also leaves unanswered
the question of the source of the lysine, Sonnenscnein meintains that the
sugposed spontaneous origin of bscteriophages which has been main:ained on
eny sides, 1s not at all demonstrable, He polints ocut correctly the great
range (spread) or phagec, and assumes that the phage-carrying animals take on
the lysine from their environment with food snd water,

In the course of numcrcus experiments we had observed that at times 1he
fecos of chickens as well as of other animals were extraordiuarily phage-rich,
but then again at timea they are phage-free, or at least contasined no phage for
the particular bacterla we were using at the time, TWe tried by means of system-
atic thoroughgoing vesearch on the feces of chicks to establish how the phage-
content is variable in enimaias under normsl and pathologic sonditions,

e posed the following questions: (1, Does the phage-content of the normal
chicken intestinal tract remain constant under constant Glet? (2) #hen an
animal, whose feces does not contain a phage, for a pertiocular bacterium, 1is
fed thet straln of bvacterium, does the phase for thai bacterium arise in the
animal?

In our tests we used turee young chickens, which cam direct from the

brooder-instellation at the instifute, Up to then they bad not come in con-
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tect with grown chickens nor had they heen in the same room with grown chickens,

lisu 1 and Hen 2 we-e 4 weeks old and hen 3 was 6 wechs old., [he animals
rvere placed, lmmediately on recelipt, in sepsrate, previously sterilised cages,
in the stall were also found guinea pigs and rabtits, which also were iilkewise
placed in cages, sc that a direct transfer of phages te the chickens appeared
guite our of the question, The hens themselves never caeme in direct contact
with one sanohter, During the time of the test the food was alwaye the same for
8l)l three chickens, end cousisted of ccmmercisl sc-called chickenfeed (finely
grourd) and tap-watar,

Ve extractad each day from each animal 5 gms of the freshest dropping we
could finu, and manipulsted in in the following manner:

The feces was placed in & mwortor with 20 ¢c bouillen and ground up (pH 7.2)
and was placed in a flaskx and allosed to stand at room temperature 24 hours,
The next day the suspension was centrifuged and the cieasr ligquid obtalned was
warced 25 min, at 58°, This temzciaturc suffices to kill the vegetative forms
transf{erred to the feces in the bouillon or at least to diminish them so much
that they do not interfere with the obtaining to pure culture of tle germs to
be investigated, 4s a rule & completely pure culture of the pathogen can bs
obtalned, Occasionally the comcoﬂ Subtilis or other serobic spore-bacilli in-
crease grestly in additiorn to the gram-negative germs, but still not so greatly
thet tney wowld !mtzifere with the analysis of the test, The phages were not
phased by the temperature of 58°, This mcihod is simpler and quicker than the
usual filtration-methed,

The test of bacteriopheges followed in two stages,
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Next direct smears vo agar-plates wore made (1 Oese of a 2% howr bouillon
culture ¢f the bacterium concerned plus an Vese ¢f the feces-centrifiyate),

At the same time was undertaken an enricliing of the plajes presont eventislly
in the centrifugate only in small numlers, To this pur,vse csch % em bouill~n
was innoculated with § om of the centrifugete and by 1 Oeswv of a fresh bouillon
culture of the bacterium to be iested, ths tltislets efter 24 hour incubation,
regardless of whether or not they showed nediment, warwed 25 =min, in water bath
at 580, end then tested for phage by smearing - 1 Oese of the hsated bouillon
plus 1 Qese of the fresh bacterium,

The gecond part of the test proved to be test, Hspeatedly after the enrich-
ment, wrich made possible the use of & larger amount of the original centrifuéate;
the phage was estgblished as present, whereas dirmsct smears did not show detect-
able phagse,

Ve worked exclusively with aysentery-bacteria, with 22 different strains,
The large number were chosen since it was important to us to find dysentlery
strains agaiost which our hens after several weeks produced ro phazes, since it
was only after feeding of such strains that we could obtaik results which were
tu some adegree gignificant, '

In the first test we tried to establish the phage-content of the 3 hens,
Eich day we extracted 3-5 g of fresh .Jeces and manipulated it in tke menner
described above, For our weeks, while the tests ran, the diet wui: conatant,
hosogensous, For brevity, we pres.nt the results only for Hen 2, (Table I},
The feces of the ctiher two hens gave similar results, We show in the table
only positive v, negative occurrence, without showing the actual activity of

the prages, and without indicating whether the results were obtained using

<:> direct emearse or smears of enriched centrifugats,
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Table I

Ly 1. <_ 2 e 6 7T .8 v 10 1z 13 14 15 16
traing (22)

D p n n n n n p n o n o) p n
weipzig K P o o p p Db 0oL p P n L jo n
v3, weapzlg A n P n P n n n n n ol n n n n
‘v3, Lelipzig D n n n p n n n p o n P n p i
by ~ich P P n n u n n n n n n p P n
olize .-olerdam p P n n p p p p n n P n n n
Hiss Pav.a p n n o n n p b n n n n n g
Qoniie heyer P p P P n n p o] n n n P n p
Flexuer ieyer n n n P n n un n n n jo) n n n
Fflesner basel n n n n n n n n n p n n n n
L, kruse basel P P n P n p p p n p n p p jo
ohige r,-%, amt, P P n p p 2 p P P P D p p P
Shiza Charkov n p n n n &n g n n n n p n n
Flexuer n n n [ n n n n P n n n n n
Liss n n n n n n n n n n n n n n
acnmive n n n n o L P P n n n p n n
Celi comm, n n n noon n n u p n n n n n
L, Kruse P p p P n n p p n n n p n D
Coli sensitle P P n n n Pp p n n p p n p n
Shire weyer n p n n n n n n n n n p n n
hiss amsterdam n n n n 0o n n n n n n n n n
Flexner srankfurt P n n pPp n p n 0 i p P P n n

The results of the continuous test was, as the table shows, exiraordinsrily
Surpirieaint, A cumperaison of the positive occurre:ceg snews, thal the phaje-content
of tie single stools wes alsc nowhere near tonstant; phage-rich days followed
phage~-poor deys &nd vice versa, a» second astonishing outcome was thst during
the course of the test occurred phages sgainst almost all of the strains espluyed,
The Hen poorest in phage was Hen 1, the richest wus lien 2, At the end ol the
test, the following strains had not been lysed:

Hen 1: FIseudodysenters; ieipzig 4, Pseudodysentery ieolipzlg D, Dysentery

Tuch, Bact, Goii commune, Hiss 4-rierdam and Hiss Pavia,

hén 2: Hiss and hiss amsterdam,

—— — e m———
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coli commune,

e r
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rsexiodysentery Leipzig A, hiss Pavia, Flexner basel and bact,

Wia can Also wsgune thal ageinet the nazid sicelns with a known prodability

ware prescul hc phaces in the intestinal tract of the concerned animals,

Untortuniately the Hen 1 dled shortly attes the first test {rom unknowu

cuusns, 80 that we wure able to pursue the experiment only with the other two

hens,

In the next test we sought to find the scurces of the varying occurrences

oI bacteriophages, and next used large and small amounts of feces, since we

thought of the possibllity of a hindrance-activity of ths feges in itself,
The entire daily discharge of the hens tsken and mixed up together, sand

two 'aliquots' taken, one of 1 g, and one of 15 g., theose gmounts belng mixed

sach with bouillon, and manipulated in tbe same manner &3 described above,

li11ss Heyer
r'seudodys, Lt ipeig
Psedodye, Leoipsig
rseuxlocys, Lelpzig
Dys, Tuch

Shigsa hasterdam
Hiss Psvisa

Sorne meyer
Fiexner ideyer
Flexner Basel

E, fruse, Basel

Table Il
leg | 1%
n n
n n
n n
n n
n o
P p
n n
n n
P P
L n
n n

Shiga R,-G,-4mt,
Shiza Charkov
¥lexner

Hiss

Schritz

Coli commune

E. Kruse

Coli sensible
Shiza deyer

Hiss anmsterdam
Flexner Frankfurt

1g 15¢g

n n

n n

n n

n n

n nt

n n

P| P )
p P !
Pl op i
n n

o n

]

This table shows, that the phageé-content in both amounts of feces was the

Sulie,

was nore abundant in the smaller amount than iz the larger amount of feces,

Repetition of the test resulted in similar outcome, but one time th

e phags

P

e A




obviously tiC result of incomplete mining of feces of varying phage-content,
In & Turther test we teated two diacharres froa Hen 2. Ths flrst wes
teken lute in the worning the aeccond early in the afterncon, Al.or the first
discharse, Lo provent the possitility of mixing the two, the hen was placed
in & ivesh, sterile cage, (Table IiI),
The phazo-content even in those two dischargcs is very veriatle, The
first discliargv countalned only two, the second up to 7 phages, In this ceso

also repeat-tests gave similsr results, In no cgse did two gnecessive steols

gortyin_the srme lysing,
Wie conclude therefrom that the phazes iere probably discharged i batchea,
perrops as in typhus-convaleacence when the bacilll are still cerried in the

intestine after convalescence hus begun,

Table I1I
A i . A Iy
Liss ligyer n p 3hipa deichsges,-Amt, n n
fseudodys, leipzlg H P o Shire Cherkov n n
Pscudodys, Leipzig A n p Flexner n p
Pseudodys, leipzig D n p Liss n n
oysent, Tuch o n Schnmitz n n
Shige Amsterdsm n n Ccli comrune n n
hilss ravia n n E. Krause n r
Sonne l.eyer n n Coli sensible n n
Flexner lkeyer n p Shiga leyer P n
Flexner b.sol L p Hiss Axsterdaw n n
E, Kruse basel n n Flexner Frankfurt n n

4 18 the morning discharge: 2.5 g,
b is the afternoon discharge: 3 g.

4 repeated check of pH of the boulllcn before use and after centrifuging of

the manipulated I'eces indicated that there was no significant change of piH durlng




tho stemiing 24-hours, Whereas the ph of the starting-bouillon was 7,2, that

of the clcar tluid after centrifuging was 7-7,1, It could nct be pogsible,
therafore, that changev of pH way the causce of change of phage-cuniine,

é3 we have glrewdy gathored rrow Test 1, there remained only a fow stirsins
sgainst widch during the 4-weeh duration of thu test phayges did not arisee, We
souzht now to determine whethar phages would arise agsinst these perticular
strains if they weroc fod to the chickens,

In Hen 2 ouly phages against hiss and hiss Amsterdar had not arisen,

One Vase of & fresh agar culture of Hiss was rmixed in & physiological
saline, put with sterile broth, end fed to the animal, The Hea 2 fed on this
mixtwe in preference to tue chicken-feed which had been its exclusive diet,

A test of the feces Lefore the infection showed numerous coli~-bacilli end
numercus gra positive, slendsr, often thread-like rcds, After infectlion this
flora rewsined unchanged, The anikmal remained healthy, Vie did rot succeed in
deteating in its feces any of the Hiss bacilli which we had fed to it,

Twenty-four hours after the infeotion the first feces wes sampled, and
manipulsted in the ggme way as before, Neithar this test, nor the severel

succoedily; ones during the following 8-day period, showed any content of a

phage ajainst the Hiss bacilii,

Cn the 9th day the Hen 2 was again fed s fresh Hiss-culture, This time

the animal sickened and developed bad diarrhea, The feces contained normal

Coli and the otner mentioned gram=spositive rods and also occasionally paracoli-
bacilli, Thie time also we were not able to detect Hiss-bacilli in the feces,
The phage-cortent was enhanced astonishingly, so that of the 22

lysed, How ver we ware still nct aeble to demonstracte the prescroce of phage

L




Bialngt hisg-bacilld,

After 1U asys, since by this time the chicken was discharging the ususl

fecus, we urain infected it, this tlme howevar with an Uese of Hiss Amsterdsm,

The nen sicxened, tecawme puralysca In ite extresmities umdi could not

support itself, and hud diarrhes, Imwedlsteiy aftor the infectionz e were

able to detect thie hiss Ansterdum 1n the feces,

in Lthe feilowing two days occurred phages against s series of other perus,

bul none sgainst lilss Amsterdam, On the 2<nd day a phage sgainst hiss Amsterdam

did sppear, which disappeared on the 23rd day, reasppearsa on the 24th, ard

T
inally disappesred, It was last eeen on the 29th aay, On the 30tk day the
hen died,
In the 4th, 5th and oth tables we presenl merely the results of the tests
using the stirains sgainst which, in the healthy animals, no pha;es had cccurred
up to the beginning of the feeding with the bacterial-strein, As a matter of

fect, in all the tests, all 22 strains were actually tested,

Table IV
i, Infection 2, Infection 1, Irfection
with hiss with Hisas with Hiag AmslerdsDn
Drxildl2 slelel ziglAlictl li}l? VARG DR BVIREINE | R P Eri vl PIAYS)
hiss j aj npuj agaf oy andnlainijalntnlaln{nlnlla]lnln]|n{n |n
g Ansiercarilalpininin n Ao ipdplpelo ipinindodinidn lnip lo lPp 0

Hen 3: In the continulng tests of feces from Hen 3 {pre-infection) no
phages occurred sgainst the following strains: Jsseucodysentery Leipzlg A,
Hiss Pavis, Flexner basel, and bact, coli commune,

The bacteriological tests of the normal Ifeces of Hen 3 shows predominsrtly

norzal Coli, in addition to a few short, grem positive reds, and single gram

———
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positive oocci.

In tre first feudlns test we infuctcd Hen 3 with an Cese of Psecudo-
dyscatery Jeivziz A and hass Puvia, The fcces-Tlora was not changed by the
infection, Irmediatel, a.ter tho fewvding we were onoce able to detect
dysentery-tacilli, The animal sickened with dlarrhes, 7The tesis for phegges
werce, as in the previous tests, carried out with the largest possible esount
of chicken feces,

On the first day after infection no phages occurred against the Leipzig A
and iiigs Pavia, Lut on the 2nd day appeared s stron: phsfe agalnst Hiss Pavia,
Sut on the 3rd day that phage had dwimdlsd, The animal remsined sick, had
diarrhes, and was hardly able tc move, Up to the 7tk day it had just about
Leld its own, &nd at part the feces were nol as runny, The phage against Hlss
Favia had not shewu up szain, whereas that against the second germ, Pseudo-
dysnetery Loipzig A hed no. shown up at all,

On the 7th Gay the feeding with both stralns was repeated, The animals
sgzain g0t diarrchea and couls not sipport themselves, .iame in both le:s),

On the 9th day a phage agalnst liss Pavia chowed up; but thet ggain dis-
appeared on the 10th day, Orn ibe 10th day appeared a phage egainst Flexner
Fesel, a surain which up to that time had not teen fed, On the 1lth day the
Flcxnor Lasel phaze was also no longer detectable, On the 13th day phazes
acainst iis twe sirsins which had Leen fed showed up, 4t thls time the animal
sartially recovered azain and presenced a falrly healthy aspect, The diarrhea
diseppenred and the stoo. was normal, TLikewise the paralysis diminished,

On the 16th dsy suddenly occurred & powerful phege ggainst the buct, ccll

con:une, wnich kad not been fed at all, and tne Flexner basel phare reappeared,

10
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we intended on the 1oth dey to feed Coli suiraisz, since thet was Lhe
only one against which no phaze hau shown up, Lutl the coll phaje appeared
spontanecusly tlut day Just pricy to the feeding of 1t, ‘ie carried out tne
feeding with coll the next day just as desgoribed above,

The animal ate the stuff resdiiy; the feces remained norrai,

Tavle V
1, Infection with 2. lrfoction with 3, Infection with
Pseudodys, Leipz, A Pse‘uod . weipz, A Enct, coll comnune
—_— - %_Higs Pgvia 3 _l"bxi_a i
va)i] of 11 12[ 13 14 15T1o 17 ‘- l20[ il 22 23] 24
Pseadodys, weipzig “1[.' In'nip tn In 'n ' inn .n nicin
Kiss Pavic bnls 'nlnlp,nin|n ln l; ininlalr In|n
Flexner b.sel hnin: Intln |n |n yn {pin In|n ln ninlnijn
E. coll commune n In Ln ‘n tndn irinln In {rininlg

In spite of the feeding, which mccording to our previous conceptioas should
have led to an enrictmant of the coli-phages in the intestinel tra:t of the
animal, the coli-phaje rermained absent in our tests, Instead the lysin against
Eiss Pavia ocrcurred azain,

On the 24th day the test wes broken off,

‘s I'ind out the influence cf the feeding on the phages which alrsady

=t

were present in the feces, we fed, in a later test, 1 Oese of the stirain
dysentery Tuch and the strain E, Kruse Basel to the Hen 3, On the day of the
irfection phages againat the three strains were detectable in the feces, Lven
here one must assume that the eddition of a large amount of the sensitizing
gerrs must have led to an increase of the homclogous bacterlophazes in the
intestinal tract of the hea, Lut it shows that the fluctuations in content

of both phages wes the same before aud after the feeding, The enhancement of

content of the humologous bacteria had no appreclable influence on the occur-

i - e - —y
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<:> rence of the lysines, (Tsble VI,

Froi our tests we conaluie that the phage ccntent of the herns, walch
indoed under conditions nawirally favorslle to inf .clion should have little
opportunity to pick up true dysentery-buc.1lli, or graz nejative himan patho-
gens, nas nothing to do with the presence of the homologous bacteria, It i3
a giurstion of the lysines occurring in the intestinal tract as fsr as vossibla
coli~phares, which develop a more or less strong activity to bacteris of the
typhus, paratyphus, and dysentery groups (most of all the latter), and which
generate obviously entirely irrcgularly (or were secreted), It is naturally
impossible or at least very difficult to detect the sensitizing coli-strain

in the feces of the chicken, since the phage-sctivity inhiblts the culturing

of the sensitizing germ on the plste or in the bkouillon, The question as to

<:> the formation of the phages, w..other they arise in the intestinal tract of the

animal or human, or whetler they are introduced secondarily from without and
first increase in the intestine, we cannot say for sure, We conslder it doubt-
ful that phazee can arlse wvoluntarily in thre intestine & the chicken upon feed-

ing by strongly sensitizing bacteris,

Table VI
Infection l
Before infection After infection J
Dysent, Tuch p 1 o} a p n n p ﬂ
lg‘ Kruse Bgsel n_; p P D - b_}_.. P n 0
Summary

1. The phage=-coniert of cnicken feces 1s extremely variable and 1n each
tost exhilbits a different form., The irregularity in the occurrerce of the

phages 1s 80 greut that even twc immedlately successive discharges show a

C
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different phage-~content,

2, it is immaterlal whether a larre or small amount of feces 1is used,

The results in both ca3ses remein the same.

3. The diversity in conditions of successivs tests is not the result

of differences in ph of the bouillon because of the manipulation of the feces,

4, During the cearse of many tests one c¢en be certvain of finding phazes

in the fecos of chickens against alwmost any kind of dysentery-germ, ..any
phagzes recur very irregularly and disappear rapidly, Others are very common

and in alnost every test can be found without difficulty.

S. The artificisl infeection of chickens with dysentery-bac.eria does not

lead to the arising of homologous phages, Whan the phages for certain < sentery

bacteria do occur along with those bacteris, still the occmrrence is so irregular

vhat we caunnot draw a causal-relationship or correlation of the two, Wwe observed

in two cases the first occurrence of & partlcular phage immediately preceding

the fecding c¢f the tacteria concerned. The phage, however, was again missing

&fter the fesding of the bacteria,
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