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with T3 have shown various steps in the de- 
velopment of new bacteriophage particles in 
the protoplasm of infected and lysed cells. 
After 15 minutes incubation fields like those 
of Fig. 2 ,  3 anld 4 are common. The lysed 
cell of Fig. 2 resembles that of Fig. 1 in show- 
ing its protoplasm extruded from the broken 
membrane. Much of this protoplasm has, 
however, already been converted into new par- 
ticles of T3. The conversion is still more 
completle in Fig. 3 where the cluster of coccoid 
T3 apparently is developing from one or niore 
central particles. This cluster recalls a bac- 
terial microcolony resulting from several di- 
visions of a single cell. A still later stage 
wherein the newly formed particles have com- 
menced to disperse is shown in Fig. 4. .After a 
few more minutes incubation the formation of 
bacteriophage 'has progressed so far a t  the 
expense of the lysed protoplasm that it is hard 
to find either the protoplasmic masses or the 
clumps of bacteriophage evident in these earli- 
er photographs. Many electron micrographs 
like the foregoing have been obtained; they 
exhibit T3 particles in small groups and chains 

that suggest they have arisen by the same 
kind of self-reproduction which is often seen 
in bacterial growths and which appears to un- 
derlie the multiplication of the T2 coli bac- 
teriophage. 

Summary. Cultures of young, rapidly grow- 
ing susceptible colon bacilli obtained afiter 
hourly transplants to fresh broth appear quick- 
ly lysed by the addition1 of T3 bacteriophage. 
Electron micrographs show ithat the bacterial 
membranes rupture very soon after adsorption 
of bacterioph(age and that colonies of new 
phage particles rapidly appear in the pro- 
toplasmic masses. This protoplasm from 
young cells is the same assemblage of spheri- 
cal macromolecules seen after lysk with T2 
phage. As was the case with this other phage 
the observed phenomena are those to be ex- 
pected of particles behaving as if they were 
minute microorganisms multiplying by di- 
vision at the expense of the bacterial proto- 
plasm. 

Received Ahrch 14, 1949. P.S.E.B.M., 1949, 71. 

17113. Effect of Chemical Irritation of the Peritoneum on Transmural 
Migration of Intestinal Organisms. 

FRITZ SCHWEIKBURG AND FELIX HEIMBERG. (Introduced by Jacob Fine.) 
Front t h e  Kirstein Laboratory of Surgical Research, BPth Isruf>l Hospital, and the Department 

of Surgery, Harvnrd Medical School, Boston,, Mass. 

For reasons already given elsewherel it is 
believed that the peritonimtis which develops 
during peritonea1 irrigation for the treatment 
of acute renal failure is due to  the transmural 
migration of bacteria from the isntestine. While 
there is no evidence that thlis can occur in 
the absence of severe damage to the intestinal 
wall, it might be possible as a result of the 
combined effect of the uremic state and the 
irritating properties of the dialyzing fluid. In 
the absence of clinical evidence for or against 
such a hypothesis, animal experiments were 
performed to see if transmural migration of 

Surg., 1948, 128, 3. 

__I____ - -- 
1 Frank, H., Seligman, a., Fine, J., Aiiiaals 

intestinal bacteria can be induced (1) in 
normal animals subjected to chemical irrita- 
tion of the peritoneum and ( 2 )  in normal and 
uremic animals exposed to the intraperitoneal 
injection of the fluids used flor peritoneal ir- 
rigation in acute renal failure. The rlesults of 
the first part of these studies are herewith re- 
ported. 

Method. Healthy rabbits and dogs received 
stlerile physiologic saline s o h  tion or the fluid 
used for peritoneal dialysis of uremic patients, 
in a volume sufficient to grossly distend *the 
peritoneal cavity twice daily up to 2 weeks. 
Peritoneal fluid was aspirated as completlely 
as possible just before each infusion. The as- 
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pirated fluid was always found devoid of bac- 
teria by aerobic and anaerobic culture. 
moderate leukocytic response was regularly 
present after the first few infusions. F'ost- 
mortern examination of some of the animals 
after 2 weeks showed no grossly recognizable 
changes in the peritoneum. 

A severe inflammation of the peritoneum 
was then produced in a second group of ani- 
mals by the intraperitoneal injection of sterile 
5% monolate ( monoethancdamine oleate), 
which is strongly irritating to endothelial cells. 
Since a single dose of 4 cc of monolate killed 
rabbits within a fen- hours, a graded dose of 
from 1-4 cc was injected dailj- into each of 
a series o f  rabbits. Each of a series of dogs 
received 5 cc of monolate daily. 

Another series of rabbits and dogs received 
a daily dose of 5 cc and 40 cc of sterile 2,%7% 
gum tragacan th suspension2gt3 reqxctively , for 
a number of daq's. Samples of peritoneal fluid 
were taken daily, with sterile precautions, 
from all animals. The animals were sacrificed 
on the day following the last injection or at  
some later date. When the tap was dry, 5 or 
10 cc of sterile saline were injected and. 
after a few minutes, a portion of this fluid was 
withdrawn. ,111 specimens were smeared and 
cultured iminediatel? in trpptone broth, on 
agar and on endoplates. The same small loop 
was used for all inoculations, so that positive 
plates would permit a roughly quantitative 
measure of the degree of contamination. Broth 
and plates were observed for as long a s  10 
days. 

Contamination of peritoneal fluid from tche 
irritant itself or from the skin a t  the site of 
puncture was avoided by sterile technic and 
by the finding of no growth in cultures made 
from the irritant and from the skin. Daily 
blood cultures were also done on several 
animals throughout the experiment to exclude 
bacteremia as a source of peritoneal contam- 
ination. Identification of bacteria was made 
by standard bacteriologic technics. 

Results Table  1. Cultures of all animals in- 
jected with monolate or gum tragacanth if 

39, 449. 

______ -- __- - 
2 Steinberg, B., G o l d h t t ,  H., Int. Men., 1927, 

3 Stefnberg, B., Am. J .  Clin. Path., 1936, 6, 253. 

positive contained Escherichia coli and never 
any other organism. The number of colonies 
on direct plates was always less than 50 
coloni~es per plate. E. coli was found regularly 
in the peritoneum of all rabbits and dlogs be- 
ginning on the 4th to 9th day of injection. 
Once the microorganism appeared, it con- 
tinued to be present until the injections were 
stopped. In  four rabbits the culture re- 
mained positive for from 3 \to 7 days after the 
last injection, and sterile for from 9 to 14 
days thereafter. These rabbits showed exten- 
sive intraperitoneal adhesions without active 
inflammation. while those sacrificed shortly 
after the last injection showed diffuse fibrino- 
pirulerit and adhesive peritonitis. That the 
fibrinopurulent peritonitis was produced by 
the monolate rather than by E. culi, is, indi- 
cated by finding in several rabbits and dogs 
sacrificed after only 2 or 3 days of monolate 
injections that cultures taken each day and at  
postmortem were sterile despite the presence 
of a marked Gbrinopuruient peritonitis. 

Gum-tragnrnnth Experiment (Table I )  : 
Three rabbits injected in traperitoneally with 
onse dose o f  gum-tragacanth showed a fibrino- 
purulent peritonitis within 24 hours and E. 
coli was recovered a t  the same time. In  dogs, 
however, the results were somewhat difflerent. 
Four dogs;, injected once, revealed sterile peri- 
toneal cultures each day up to the time when 
they were killed on the 2nld, 4th, Sth, and 
7bh days respectively. A t  autopsy they all 
showed mild degrees of fibrinopurulent or 
fibrinous peritsnitis. The rcesults were the 
same in 2 more dogs which received daily 
doses of tragacanth for 4 days and for 7 days 
respectively. In  another which received a 
daily dose of 40 cc of tragacanth fior 6 days, 
E. coli first appearled on the 4th day and con- 
tinued t'o be present in the peritoneal exudate 
for 4 more days. At postmortem he showed 
severe fibrinopurulent peritonitis. In  still 
another dog similarly treated for 4 days E. 
coli m7as first found on the 5th day and con- 
tinued to be present for 4 mlore days, after 
which sterile cultures were obtained during 
5 subsequent days. Autopsy revealed a re- 
solving fibrinous peritonitis. That the posi- 
tive cultures were in no instance due (to bac- 
teremia, contamination from Ithe skin at the 
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site of injection or of the irritant itself was 
shown by uniformly negative cultures from 
these sources. 

Discussion. In spite of the large number of 
investigations which have been madte on the 
permeability of (the intestinal wall for bac- 
teria, conclusive evidence of transmural mi- 
gration of intestinal bacteria has not been 
produced. A normal intact serosa is generally 
regarded as impermeable, but this may not 
be the case where there is inflammation of the 
peritoneum due to 'a 'foreign body or a chemi- 
cal irritant. For example, the presence of bile 
or a sponge in the peritoneal cavity may re- 
sult in peritlonitis or absicess formation, with 
organisms of intestinal origin presenlt in the 
absence of a visible break in the continuity of 
the intestinal serosa. However, convincing 
proof that in such instances no break in 
continuity, howfever small, was responsible is 
difficult to produce. 

Experimental data are contradictory. When 
a foreign substance, such as melted agar or 
sodium nucleinate4 lor brobh5 is placed in a 
serous cavity, intravenousIy injected cocci 
are found occasionally in the cavity contain- 
ing the foreign substance but not in the other 
cavities. Thus an irritant in the peritoneal 
cavity may attract and retain intravenously 
injected cocci, but such organisms obviously 
must have entered the cavity via the circula- 
tion. Peritonitis following the feeding of viiru- 
lent cocci usually does nut occur. 6-12 In sever- 
al instances where this did happen transmural 
migration was not proved, because bacteria 
may have entered the circulation via the in- 
flamed intestinal wall .13-17 

4 Pawlowski, Y., Zentralblatt f. Chir., 1887, No. 
48; Virchouu Arch. ,  vol. 117, 1889, quoted by 
Kiiiizel, Il., Xi inc l~n .  Med.  Woch., 1904, 51, 1920- 
1921. 

5 Peiser, A., Beits. z. Klin. Chis., 1907, 58, 484. 
6 Austerlitz, F., Lnndsteiner K., Sitzungbericlite 

der kaiserlicheii A kadcrnie der Wisscnsel~aften in 
Wien, 1889. 

7Markus, H., 2. f. Zeilkunde, 1899, 29, 427. 
8 Neisser, M., 2. f. Hyg., 1906, 54, 363. 
9 Opitz, E., Z. f. Hyg., 1904, 48, 67. 
10 Selter, H., Z. f. Hyg., 1896, 22, 1 2 .  
11 Bail, M., Arch. f. Klin. Chir., 1900, 653, 369. 
12 Hornemann, E., Z .  f. Ryg., 1911, 88, 39. 

The recovery of the organism responsible 
for primary peritonitis from the intestinal 
wa1118y19y16 or in the stoo12@*21 does not es- 
tablish the case for transmural migration, be- 
cause all of the involved areas may have been 
invaded from the blood stream. The evidence 
that the intestinal serosa when intact can be 
traversed by bacteria has therefore been equiv- 
ocal. 

I n  our experiments the sterility of the in- 
jected substmae and of the skin, ascertained 
by daily cultures, exclude an external source 
for the bacteria found in the peritoneal cavitty 
of our animals. Invasion via the blood stream 
is unlikely. To exclude this Femote possibility 
daily blood cultures from two rabbits and one 
dog were taken during (the entire (time of the 
experiment and yielded no growth. In  view 
of these observations the regular finding of a 
typical intestinal microorganism in pure cul- 
ture in the peritoneum inflamd by chemical 
irritation is strongly in favor of its origin 
from thle gut by transmural migration, in 
spite of 'the absence of any signs at  postmor- 
tem examinatifon of mucosal inflammation. 
Why only E. coli and none of the other in- 
testinal bacteria was recovered is difficult to 
say. Pure E. eoZi peritonitis is rare.22,23J3 
The fact that E. co€i was the usual contamin- 
ant or infecting organisms in patients subjec- 

13 Lenander, K.; Nystrom, G., 2. f .  Klisi. N c d . ,  
1906, (63, 263. 

14Geirsvald, S., quoted by Lenander, U. G., 
Nystrom, G.13 

15 Felsen, J., Osofsky, A. G., Pharpngogcnic 
Hematogcnous Streptoeoccic Peritonitis, A rch. 
Surg., 1935, 31, 437. 

16 Weil, S. A., Saphir 0.) Am. J .  Dis. Child., 
1933, 43, 611. 

17 Montgomery, A. I€., Surg.  Gyn. Obst., 1925, 
21, 798. 

15 Escherich, T., Jahrb. f. Kinderhei lkmde,  
1889, 49, 167. 

19 Flexner, S., The Johns Hopkins Bospi tnl  
Bull., 1895, 6, 64. 

20 Obadalek, W., Deutsche Z. f. Chir., 1929, 
220, 307. 
21 Obadalek, W., Ueutscks Z. f. Chir. ,  1931, 233, 

587. 
22 Welsh, quoted by Flexner.19 
23Fishbein, M., Am. S. Ned.  Sciences, 1918, 

144, 502. 
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ted to peritoneal irrigation for uremia sug- 
gests that the mechanism of invasion in these 
patients was similar to that in the forepoing 
experimlen ts. 

Summary. Chemical peritonitis induced by 
repeated injections of monolate or gum-traga- 
canth in rabbits and dogs results in the ap- 
pearance of E. coli in pure culture, in small 
to moderate numbers. in the inflamed periton- 
eum, Once this Contamination is established, 

it continues for some time after the injections 
are discontinued. Eventually all cultures are 
sterile. 

By exclusion of all other possible sources 
of contamination of the inflamed peritoneum, 
it appears that the E. coli fiound in the peri- 
toneal exudate is derived from the intestinal 
lumen by transmural migration. 

Rccri~.rd F. 'ck)~ua~g- 17, 1949. P.S.E.B.M., 1949, 71. 

17114. Transiiiural Migration of Intestinal Bacteria During Peritoneal 
Irrigation in Uremic Dogs." 

FRITZ B, SCHWEINBURG, HOWARD A. FRANK, EDWARD D. FRANK, FELIX HEIMBERG, 
AND JACOB  FINE.^ 

From t h e  Eirstcin Laborutorjl f o r  Sirrpiccil Besearch, Brtli TsrueZ Hospital, cind the Department 
of Szi erg, I € n  r i ~n rd Med i cnl ,V c7i o o 1, B o .s to n , M a  ss. 

Peritonitis due to Escherichia coli in pure 
culture occurs readily during peritoneal irriga- 
tion for the treatment of acute renal fai1ure.l 
Clinical data suggested that the peritonitis was 
due to invasion of the peritoneum by the trans- 
mural migration of E. coli from the intestinal 
lumen .I 

In  a prtevious experimental study2 it was 
demonstrated that transmural migration of 
E. coli can be induced by the intraperitoneal 
injection of strong irritants, but that bacterial 
peritonitis does not ensue. Tt was then con- 
sidered desirable to determine whether the ir- 
rigating fluid used in treating acute renal fail- 
ure can also provoke a bacterial invasion of 
the peritoneal cavity from the gut. The data 
to follow demonstrate that bacterial contam- 
ination is produced following in traperitoneal 
administration of this irrigating fluid in uremic 

* The work described in this paper was done 
under a contract, rwoiiin1e11ded by the Coniinittee 
on Medical Research of the Office of Saval  Re- 
search of the United States Kavy and Harvard 
University. 

t With the technical assistance of Sunya Gordon 
and Dorothy Kaufman. 

1 Frank, H. A., Srligmtln. A. N., t m d  Fine, J., 
Ann. Xurg., 1948, 128, 561. 

2 Schweinburg, F. B., and Heimberg, F., €'ROC. 

dogs but not in normal dogs and that prophy- 
lactic oral antibiotic therapy is effective in 
preventing it. 

Method.  Xormal dogs, and dogs made 
uremic by removal of both kidneys 24-72 
hours previously, were treated as follows: Fif- 
teen hundred to 3000 cc of sterile irrigating 
fluid: was injected into &e peritoneal cavity 
by needle puncture under rigid sterile precau- 
tions. The fluid! as it escaped from the 
needle, just before and just after the puncture, 
was inoculated into dextrose broth. Alt the 
same time, swabs of the site of puncture of 
the skin, which had been prepared by shav- 

The 2 solutions used €or infusion were those 
which had been used in patients for peritoneal 
irrigation1 Each was used in  about half of the 
experiments. As there was no difference in their 
effect, the results are nut considered separately. 

_ _ ~  ~ 

NaC1 
KC1 
CaCI, 
31gC12 * 6HZO 
NaHCO:; 
llextrose 
Gelatin$ 
pH after sterilization 

7.25 
0.19 
0.095 
0.2025 
1.5 
9.5 
4.75 
7.9 

Solution B 
(g/l) _-___- 

7.4 
0.05 
0.05 
0.22 
0.77 
5.0 

10.0 
7.2-7.6 

$ W e  are indebted t o  the Atlantic Gelatin Com- 
m n v  for the pelatin ixsed in these experiments. 


