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O Zeitscnr. fur lrnu'itatsforsch. bd. 73, hoft 1/2; 137-1.48, 1931.

hobvr, F. - The i'cteriopha,-e-content of Chicken-droppins and the Influence of
Feeding of Dysentery bacteria on the Origin of' bacteriophages

One of the rarest phenomena in the arta of bacteriophge research is the

occurrence of bacteriophage ii. aninals who' work quite strongly and oc I .. .lly

apparently exclusively against hturan intestinal parasites, such as typhus, cholera,

and dysentery-germs, with which they have never come in contact. Thus, for

exarple are found dysentery-phages in crows (Haden), typhub phares in cattle,

swine, etc. The chicken-dropping is recognized as one of the most productive

sources of bacteriophages against all gram-negative bacteria (D'lerelle, Bail,

Wateirabe, Hoder and Suzuki, Klieneberger, etc.). however, up to now the questio-....

of the origin of the lysine has not been solved. Two possibilities arise (1) th

Q autochthonous origin of the phages in the intestine and other organs of Vhe

animal concerned, and (2) the taking on the lysine from the surroundings, where

they are always abundant. In sewage, tap water, ground water, etc.

New-born anixals and foetuses are free of lysine (Vedrerne). In the

meccniunm lyrinae was first detected on the 4th day (Suran~i and Kramar). Van

ft.A U :rdr.- lou izo phagea in new-bornto rabbits, and the animals re~ained

phaue-less when raised on ultraaterile food. Doesr found no phages in chicks

raised sterile and unsterile up to the 7th day. Phagus first occurred on the

25th day, and they were effective on Cel±-germs of the intestines. Doerr des-

cribed feeding with coli-bacteria which resulted in the occurrence of phages

which worked r.ct only on the coli-strain but also on other races. We, in con-

trast to Doerr, found, not only in sterilly-raised cocks but also in chicks

pui11ets) which had been fed on Beact. celi and various hmnan-pathogenic intes-

tinal germs throughout their lives, neither coli-phhges nor typhus-coli-dysen-
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C tery-phages.

borchardt isolate bacteriophagks from feces of rabbits which had ben

fed various dygentery-strains after neutrslizing of the stomach-acid. This

Bh.owed thLft pancreas-ferment activated b. the enterokinase is the "primum

movens" for the ysate-formation.

Marcuse found likewise no phages in cockz, but he did find phages in a

large percentage of growa hens and in all pigeons. He also leaves unaniswered

the question of the source of the lysine. Sonnen.qcneln maintains that the

supposed spontaneous origin of bacteriophages which has been malncained on

many sides, is not at all demonstrable. He points out correctly the great

range (spread) or phages, and assumes that the phage-carrying animals take on

the lysine from their environment with food and water.

In the course uf numorous experiments we had observed that at times the

feces of chickens as well as of other animals were extraordiiiarily phage-rich,

but then again at times they are phage-frce, or at least contained no phage for

the particular bacteria we were using at the time. We tried by means of system-

atic thoroughEoing research on the feces of chicks to establish how the phago-

cor-tent is variable in bnimals uader normal and pathologic conditions.

We posed the following questions. (1' Does the phage-content of the normal

chicken intestinal tract remain constant under constant diet (2) When an

animal, whose feces does not contain a phage, for a particular bacterium, is

fed that strain of bactorium, does the phase for that bacterium arise in the

an imaa I

In our tests we used ttree young chickens, which cane direct from the

brooder-installation at the institute. Up to then they had not come in con-
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0 tact with grown chickens nor had they been in the same room with grown chickenj.

I;vi, 1 and Hen 2 woe-e 4 weeks old and hon 3 was 6 wecks old. 2he animals

were placed, immediately on receipt, in sopbrate, previlasly sterilised cages.

in the stall were also found guinea pigs aid rabbits, which also were likewise

placed in cages, so that a direct transfer of phages to the chickens appeared

quite out of the question. The hens themselves never came in direct contact

with one rnohter. During the time of the test the food was always the same for

all three chickens, and cosisted of commercial 5--called chickeifeed (finely

ground) and tap-watar.

Vie extracted each day from each animal 5 gma of the freshest droppirg we

could finu, and manipulated in in the following manner.

The feces was placed in a mortor with 20 cc bouillon and ground up (pH 7.2)

O- and was placed in a flask and alloned to stand at room temperature 24 hours.

The next day the suspension was centrifuged and the :;ear liquid obtained was

%armed 25 min. at 580. This tewpoaturc suffices to kill the vegetative forms

transferred 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 the germs to

te investigated. As a rule a completely pure culture of the pathogen can be

obtained. Occasionally the corrzon SubtIlis or other aerobic spore-bauilli in-

crease greatly in addition to the gram-negative germs, but still not so greatly

th.. tney wc,.; ... with the analysis of the test. The phages were not

phased by the temperature of 580. This mcthc d is simpler and quicker than the

usual filtration-method.

The test of bacteriopheges followed in two stages.

K
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Eext direct seaors o agar-platea w:re made (1 ese of a 2'. hou1. bulion

culture of t1he baclverium concerned p~lus an Use of the fecos-cenrifjato).

At the same time was undertaken An enric.inC of the pha-;os prosent eyent ;ally

in the ceritrifueate only in snall imLurs. To this pLr,*ho03 each 5 cm boail n

was innoculated with I am of the centrLfugpte and by I Oese of a fresh bouillon

culture of the bacterium Vc be tested, tho tc'ulets after 24 hour incubation,

regardless of whether or not they showed :iediment, warmed 25 min. in water bath

at 580, ar then tested for phage by amearing - 1 Oese of the heated bouillon

plus 1 Oese of the fresh bacterim.

The second part of the test proved to be best. Repeatedly after the erich-

ment, wh.ich made possible the use of a larger amount of the original centrifugate

the p age was established ss present, whereas direct smears did not show detect-

O able phage.

We worked exclusively with dysentery-bacteria, with 22 different strains.

The large number were chosen since it was important to us to find dysentery

strains agaicst which our hens after several weeks produced ro phages, since it

was only after feeding of such strains that we could obtain resiAlts which were

tu bone degree sigr.Iicant,

In the first test we tried to establish the phage-content of the 3 hens.

Ich day we extracted 3-5 g of fresh 'ecee and manipulated it in the manner

described above. For "our weeks, while thA test- ran, the diet wuZ constant,

bomogeneoua. For brevity, we pres-ent the results only for Hen 2. (Table I).

The feces of the other two hens gave similar results. ',e show in the table

only positive v. negative occurrence, without ahowing the actual activity of

the ptages, and without indicating whether the results were obtained vsing

O direct smears or smears of enriched eentrifugate.
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Table I

'' eye:" p p n n n r n p n n n ) n
'0U3ie- LAipzig t p n p p f n I, p p nr Zi p fl

I. ii n p r, p n n n n n p n n n n
o'3. L ipzig D n n n p n n n P P ri p n p 1

p p n n n n n n n n n p p nSi,-Lerm p p nn p p p p h, n p n n n
.-SS p n n n n n p D r, n n n p
oanns Levcr p p p p n n p p n n n p n p
Fiex' er ;neyer n n n p n n n n n n p 1 n n

lc~r basel n n n n n n n n n p n n
.. roise asel p p n p n p p p n p n p p p

p p n p p p p p p p n p p p
Shiga Charkov n p n n n r p -I n n n p n n
Flex.,4er n n n p r n n n n p n n n n1 n
hiss n n n n n n n n n n n n n n
.cr - itz n n n n n L p p n n n p n n
G0j i com. n n n rn n n n 11 p n n n n n
L. hrron p p p p n n P p n n n P n p
Clil ser.sible p p n n n p p n n p p n p n

na ever n p n n L n n r. n n n p n n
hisra s terda m  n n r, n n n n n n n n n r, n
Flexner f'rankfurt p n n p n p n n J1 p p p n n

The results of the aooatinuoua test vas, as the table sho~s, extraordinarily

4' -, .- - .1 1 oSt n
3-,ipi 1i, A ouri.Rronr OQ tne point1ve occurre: es snows , that the phao-cntent

of th-e sirgle stools was also nowhere near constant; phge-rich days followed

pfag-poor days and vice versa. , second astonishing outcome was ti.at during

the course of the test occurred phages against alsost all of the strains employed.

The hen poorest in phage was Hen 1, the richest was hen 2. At the end of the

test, the following strains had not been lysed:

Hen I: Pseudodysenteri Leipzig A, ?saudodysentery Leipzig D, Dysentery

Tuch, baot. Go Li commune, Hias J._terdam and Hiss ?avia.

hen 2: Hiss and Hiss imsterdam.
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Hon 3; fsod ~setery Leipzig A, hiss ?avi.a, Flexner basel and bact.

coil c ofn.urge.

'&j chn sa2,o -Qwjup t h,.t agairst t'c rAz~c at.-"is with a known probability

were pres-;it iic phaea in the intestinal tract of the concerned animals.

UrWortunately the Hen 1 died shortly alter the first test from unkxlowi,

cuu-5s, so that we wure able to pursue the experiment only with the other two

hels.

In the next test we sought. tW find the sources of the varying occurrences

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

thought of the possibility of a hindrance-activity of the feces in itself.

The entire daily discharge of the hens taken and mixed up together, and

two 'aliquots' taken, one of 1 g. and one of 15 g., those amounts being mixed

O aach ultb bouil-on, sad manipulated in the same manner a3 described above.

Table Ii

i 1iss 4 euyer n Shiga R.-G.-Amt.
r'seudodys. 1A pkig 11 n n | Shi--a Charkov n "I

rlseilcodye ^. .. ci, ' 1 n n .. F lexaer n n

t.se-docys. Leipzig D n n Hiss n n
Dys. Tch nI n Schmitz n n
Shi 1 i, iasterdam p P Coli commune n n
Hiss Pavia n n E. Kruse P p
3onne 1:eyer n r Coli sensible p p
Fiexner ',Aeytr p p Shisa *Aeyer p p
Flexner Basel n1 n Hiss Asterdam n n
E. Kruse, Ba~el n n Flexner Frankfurt

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

same. Repetition of the test resulted in similar outcome, but one time the phags

was more abunxant in the smaller amount than in the larger amount of feces,

~0
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0 clviouily t;.r.J of incomg-I te mi.)inG of feevs of vnry int; p)bgo-cortent.

in 6 ifurt1.er te3t vio ttatotd two d13chvr,-es fron, Hen 2. Tlj flr -t was

t&'Acfl )t.te aIn the moniriC the aecer)- early in, the afterioon. A: or- the first

di.cl.br,-c, to p'oveit the possiu ility of mixing the two, the hen W115 Placeli

in ~ ~&.,sterile ct :. (Table 111). dshrc svr ~~~e

T'he jhn,;o-c-',ctnt evnin thof-e two dShr-3i eyv-ill.'

first dijo1.ort~t cuntainod only two, the second up to 7 phajos. In tVls ctno

also rejput-tests gave aimilar results. In no cage did two *-iccr-sflvo stLP1.

co~ il re.e Yj T

Tie conclude therefrom that the phagges kere probably discharged in batches,

per!.cps as in typhus-convale3ceice when the bacilli are still carried in the

intes-tine after convalescence htue begun.

________-~ iable III

!"iss J'ov"et n p Shij7a rieichsges.-Amt. n n
Z5 e ud-Ody S. L0ip)Zig H- p p Si" Charkov r. n

:.4- ; pzS L i4 A n p Flexrner n
A'sciidodjs. Leipzig D n p H*is j n n

TuchI L I I ObCM ItZ

L.higa Armterdarr n n Ccli coii-un8 n r n
iiiss eavi~a M n E. Krause n r
Soiure Leyer n n Collt sensible n n

Flxe i.eyer n jp Shiga Meyer p1
' xrer B.-SOl1 n p , iss A"" terdu a t  r

E Kruse Basel nj n Flexnor Frankfurtjn n

Ais the ~orning dischrg&~ 2.5 g

b Is the aftern-oon diachiarge: 3 g.

A repeated check of ph of the bouillo~n before use and, after centrifuglng of

the manipulated feces indicated that there ws no significankt change of p? dliria
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0 tho sttidlnl- 24-hou:'a. Whureoa t,( pH of the atart in-bou llon vas 7.2, that

of thu c'tur fluid after centrifuCng wus 7-7.1. It could not be possible,

thirefore, that chai;O of PH was ttio cai of clarlse of -ow tn.

AS %V hawv alr'Udy gathered froc. Test 1, there remained only a fe strains

against wl,lch during the 4-wuok daetior, of thu test phages did qot arise. We

3cuht now to determine uaeth-ar rha;es wuuld arisu aGatnst these particular

strains if they were fod to the chickens.

In lion 2 only phages against hiss and hiss Amsterdam had not arisen.

One Oeso of a fresh agar culture of hiss was ri xed in a phyaiological

saline, put with sterile broth, and fed to the anizal. The hen 2 fed on thts

mixtuare In preference to Lie cnicken-feed which had been its exclusive diet.

A tenit of the feces before the infection showed numerous coli-bacilli and

numerous gram positive, slender, often thread-like rods. After infection this

flora re..ained unchargei. The animal remained healthy. We did rot sucoeed in

detecting in its feces any of the Hiss bacilli which we had fed to it.

Twenty-four hours after the infection the first feces waa sampled, aed

manipulated in the Wme way as before. Neither this test, nor the t-avers!

succoedirq. ones during the following 8-day period, shoved any content of a

phaie a.ainst the Hiss bacilli.

On the 9th day the hien 2 was again fed a fresh Hiss-culture. This time

the arimal sickened and developed bad diarrhea. The feces contained normal

Coli and the otrer mentioned gramopositive rode and also occasionally paracoli-

bacilli. Ttir time also we were not able to detect iss-acilli in the feces.

The phage-oo-tent was enhanced astonishingly, so that of the 22- strains, 19 wzum

lysed. How ver we wore stiU. nct able to demonasracts the prescnoe of phage

0
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0 atdi'jst s bcl.

After iu uhbs, since by th,1 titve the chi. cken was discharGinw t he usual

fucts, ve ti;a n ln'eCc C it, this tmO hurevar %ith an Qese of Hiss Aazstardan.

f, hen, sickened, Lecabc puralysou in itz oxtre.Arties utc could not

sPpfurt itseCf, arb h J dlarrhea, jids.ev al'tor the in:ectio .ae were

able to detect the hiss A sturaum in thbj ftces.

ttU fCionloa6 two days occxrrod phages aGninst a series uf oTner ,;erms,

but none against HIiss Amsterdam. On ths 2-end day . phage eiainst hisa Amsterdam

did appear, which disappeared on the 23rd day, reappearec or, the 24th, arnd

finally disappeared. It was last seen on the 29th cay. On the 30th day the

hen died.

In the .th, 5th and Oth taules we presernt m erely the results of the tests

O using the strains against which, in the healthy animals, no phases had occurred

up to the beginning of the feeding with the bacteria!-strain. As a matter of

fact, in all the tests, all 22 strains were actually tested.

Table Iv

i. infection 2. Ir ection 1. Irfection

,ith I t with i'4 ruth wr - r M

Da D 112! 231 JI 51l61 71 el QAl101111 121 1321 ILt 11 l'_1?i 1 IZO L211 2~ 2 'AI Z z5 1 2U
-iss -1n rr -~ ri n 0n n nf n nn n n n n n n n n

rAnn n * n

hen 3: In the continuing tests of feces from Hen 3 (pre-infeotion) no

phages occurred against the follow ing strains: Pseudodysentery Leipzig A,

Hiss Pavla, Fle)ner Basel, and bact. cell commune.

The bacteriological tests of the normal feces of Hen 3 shows predomiruaity

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

.9
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0po6t4ve cocci.
in the firs; feuuinC test we ir d H:ctc a len 3 with ar Ccse of Pseado-

d',sunterv eit:)zV A and E-3s P Yvia.e lcces-flora was not chanted by the

rinfuctin, lrzediatel, after thu feudir, we wore once able to detect

d stntery-bacIll . The arnJinal sickened with diarrhea. The tests for phages

were, as in tIje previouB tests, carried out with the largest possible ae.ount

of chicken feces.

On the first day after infection no phages occurred against the Leipzig A

an d hiss Pavia. jut on the 2nd day appeared a stron.. phage against Hiss Pavia.

but on the 3rd day that phage had dwirdlsd. The ani al remained sick, had

diarrhea, and was hardly able to move. Up to the 7th day it had Just about

held its cwn, ar4 at part the feces were not as runny. The phage against Hiss

O Pavia had not shown up again, whereas that against the second germ, Pseudo-

dysnetery Leipzig A had noL shown up at all.

On the 7th day the feedirg with both strains was repeated. -he animals

agaiu Fot diar-hea and conuL not sipport themselves. _Lame in both leis).

On th-e 9th day a phage against Hiss ?avia showed ;p, but that again diz

appeared on the 10th day. Or, the 10th day appeared a phage against Flexner

rasei, a s-.rain which up to that tize had not been fed. On the l1th day thA

Flcxnor Lasel phae was also no lorer detecbable. On the 13th day phaves

against L:,e twc strains which had been fed showei up. At this time the animal

a'rLialli recovered again and presented a fairly healthy aspect. The diarrhea

diseppered and the stoo was normal. Likewise the paralysis dirirAished.

O% the 16th day suddenly occurred t powerful Phage against the bact. ccli

comowne, which had not been fed at all, and the Flextier basel phage reappeared.

K10
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0;,e anten3ei on thc 11th dt±y to feci Coil strai, s,-e t'.LL Vas the

only one aia'inst .1% .'ch no pha-e hn sloen u-p. Lut th-je celi ha.e apored

spote.eouly thtit day jst prir to the feeding of it. 'e carre out the

feedlni with celi the next day 4ust as desoribed above.

The anizal aLe tno stuff reaciil ; the feces remained norma!.

T'able V

L.Ir ection with 2. intfection %ith 3. lufection with
s scudodys. Leipz. A Psdods. eiz. A ELct. colil com ;ne

a 111145U7 J 13 1 15 1 11 8 ,12 221 :-3 2
?se.dociys. Leipzi .1 rI i 1 1 r

r 11 K I 1n
Fl~ex-ner B..sei P n n rP r.n 1 nl n n J n nj

rjT cot unprrFe ni. fInIflfl n ~n n n Jnjr, n n* n

In spite of the feedairE, whnich according to our previous conce:ptions sh~ould

oha ve led to an enriclent of the coli-phages in the intestinel. tra .t of' the

animal, the coli-phage remained absent in our tests. Instead the lysin against

hiss Pavia occurred again.

On the 24th day the test wes broken off.

,o rinn out the influence of the feoding on the pbagcs whicr already

were present in the feces, we fed, in a later test, I Oese of the strain

dysentery Tuch and the strain E. Kruse Basel to the Hen 3. On the day of the

infection hajes against the three strains were detectable in the feces. Even

here one must assume that the addition of a large amount of the sensitizing

ges mu5st have led to an increase of the homclogous bacteriophages in the

intestinal tract of the hen. but it shows that the fluctuatiors in content

of both phages was the same before and after the feeding. The enhancement of

content of the homologous bacteria had no appreciable irfluence on the occur-

12I



O rence of the lysines. (Tble VI).

From our tests we conclude that tne phare ccnsent of the her.s, wnich

indeed udncr conditiors nauzally favorehls to in' ction should hove little

opportirnityi to pick ap treo dysentery-bacil, or gram netJu humnan patho-

sens, nas notiin to do with the presence of the homologous bacteria. it I

a questior of the lysines occurring in the intestinal trnct as f.r as .)ossibla

coli-,ha.es, which develop a more or less strong activity to bacteria of the

typists, paratyphus, and dysentery groups (most of all the latter), ard which

generate obviously entirely irregularly (or were gecreted). It is naturally

impossible or at least very difficult to detect the sensitizing coli-strain

in the feces of the chicken, since the pnage-rctivity inhibits the culturin-

of the sensitizing germ on the plate or in the bouillon. The question as to

Sthe formation of the phages, w..dther they arise in the intestinal tract of the

animal or human, or whether they are introduced secondarily from without and

first increase in the intestine, we cannot say for sure. We consider it doubt-

ful that phages can arise voluntarily in the intestine S the chicken upon feed-

ing by strongly sensitizing bacteria.

Table VI

i Infection

D Before inftection After infection
y~ a L 1 3 1 - - 1 1 __ 2 1 3 1 L]S tysent. uch p p 0 o n p

:uteBasel n_ P_

Summary

1. The phage-con.ett of chicken feces is extremely variable and in each

tet exhibits a different form. The irregularity in the occurrerce of the

phag~es is so great that even two immediately successive discharges show a

©1



different phage-content.

2. It is imnaterial whether a lare or small. amount of feces is used.

Tho result& in both casao rcMein the ;GWe.

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. Daring the coarse of many tests one can be certain of finding phares

i th6e fec, of chickens against almost any kind of dysentery-erm. ; any

2agmes recur very irregularly and disappear rapidly. Others are very common

and in elnost every test can be found without difficulty.

5. The artificial infection of chickens with dysentery-bac-eria does not

lead to the arising of homologous phages. Whar the phages for cert&i'L :4sentery

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

O that we osanot draw a causal-relationship or correlation of the two. o'e observed

in two case-s the first occurrence of a particular phage immediately preceding

the feeding cf the tacteria concerned. The phage, however, was again missing

after the feeding of the bacteria.
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