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GermCree animals have been reared to a size,
weight, and age permitting the performance oC ma-
jor surgical procedures and the pursuit oC a variety
of surgical research problems. GermCree dogs have
been maintained in the isolator system through
three generations, indicating that lile, reproduction,
and growth are aU possible in the absence of micro-
bial contamination.

The value oC the germCree approach to surgical
problems has been utilized in studies oC a variety oC
gastrointestinal problems, shock, cancer, irnmunol-
ogy, burns, wound healing, and in direct patient ap-
plication. Patients have been maintained in isolator
environments Cor prevention oC inCection, Cor opera-
tive procedures, Cor treatment oC extensive burns,
and Cor management oC Ínlmune-suppressed indi-

viduals.
We conclude that germCree animals and germ-

free technics provide a valuable addition to the ar-
mamentarium oC the surgeon in both research and

clinical applications.
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T he Germfree Laboratory at Louisiana Staté~Uiii.:
.l versity was begun in 1961 as part of a continuing

study of the role of bacteria in the fatal outcome of
strangu1ation intestinal obstruction. The obVious advan-
tages of this approach to any problem with bacterial
implications stimuiated us to extend fue studies to other
afeas and to become a part of what was then a growing
worldwide interest in the use of gnotobiotes (germfree
animals andjor specifically containinated ~nimals withpure microbial strains). -

From the De~ento.r Surgery, Louisiana Sute University School of
Medicine, New Orleans, Louisiana.

Requests for repnnts should be addreSsedto Isidore Cohn, Ji.,MD,
Departmentof Surgery, Louisiana State UniversitySchool of Medi-
cine, New Orleans, Louisiana 70112.

Gerrnfree animals and technics were well established
in other centers when our work began, and the first exten-
sive reports in the surgicalliterature of the potential uses
ofthis "tool" had appeared in 1959 [1] and in 1961 [2].
Dramatic changes in the equipment necessary to house
these animals made the technics much more widely appli-
cable and led to an enlarging group of researchers with
ever-widening interests who became involved in the fieldo ~

Thedevelopment ofthe flexible-film, vinyl plastic isolator
to replace the old standard stainless-steel isolator, which
was basically a modified autoclave, decreased the cost
and the complexity, increased the mobility, and made
possible more extensive modifications in the utilization of
the technics. Earlier work, based on mice, rats, guinea
pigs, and chickens, dealt mainly with life cycles, bodyand
organ weight, and the refinement of the technology re-
quired to keep animals alive and allow them to reproduce
in the gerrnfree environment, but studies involving surgi-
cal experiments were limited. Our work necessitated our
leaming the technics of delivering and rearing the ani-
mals, plus the development of special isolators in which
gerrnfree animals could be operated on, observed, and
studied in the postoperative periodo As the work pro-
gressed, it became obvious that larger animals would be
more useful for surgical experiments, and this led to our
interest in delivering, rearing, and using dogs suitable for
the specific interests at bando Special stainless-steel cages
had to be devised, designed in such a way that they would
be sturdy enough to hold a fully grown dog but modular ,
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tively small ports of entry of the isolators and then recon- ,;:\t~"
structed inside the isolator o Important lessons in nutrition ;,j,.:¡~

.."..,c
had to be learned and sources found to provlde the proper )liff

nutrients to wean pups in a sterile environment, separated "'?jh
from the bitch from which they had...been removed by 'j
Caesarian section. Eventually, mature dogs were allowed ;!,,;,~
to mate in the gerrnfree environment, leading to the first i';1;;!xi§!
second-generation gerrnfree dogs anywhere; this was a ;)'!;?:~f¡~I~

---majoradvance, though in retr9spect it does not sound as éq~~~riJf:~;
difficult as it was at the time. Maintaining sterility of the ;~~~.,",

""""'~'"
internal atmosphere and the food and water, providing c! ~~\i,.,;"
for sterile exit of waste, arranging for sterile entry ofc!!(tl_~: ,

equipment for surgical procedures, and taking and..c d 11 d bl 1 ,có_. '.'. ",""t,.,
moVlng speClmens 10r stu y a presente pro erns. nif#;;t',;¡¡,;#((;:*¡(i.i.;¡~:;
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pends on a continuous sourceof forced filtered sterile air"c.,~t;,"\'¡ii~-.. h d be d f . f '" ,:c"c~1!:~~~~
prOVlS!OnS ~ to m~ e or emergenc~ power In case O 7'::'1"f,cj~~~lf&~

electncal failure,humcanes, or other dlsasters-naturaléc,;"!,,,,!~~~,&!!1
or manmade.

-gerrnfree research is not made to garner credit, particu-
larly since many advances
others, but is
plexities of the field, including the cost, which
have been met without significant support from the Na;;
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grossly normal appearance [as well as normal histologic
appearance], and failed to produce any lethal fluid in the
strangulated segmento This was in contrast to all the
opposite findings in conventional animals. The vital Tole
of bacteria in the outcome of strangulation obstruction
has been demonstrated." [5] Subsequent confirmation of
these resultS has been reported by Amundsen and Gus-
tafsson [6]'" and Vale and Altemeier [7].

Major differences were noted in the fluid require-
mentS and the output by vomiting and other routes in the
germfree versus the conventional animals, but there was
no explanation for these differences. Subsequent studies
of the fluid flux in, above, and below an obstructed seg-
ment of small bowel in gerrnfree animals demonstrated
that above the obstructed loop in germfree animals, there
is absorption of water and electrolytes, in contrast to the
secretory state in conventional animals [8]. Thus, the
"normal" microbial flora of the intestine are important in
the loss of fluids in the presence of intestinal obstruction.

The blind loop syndrome has been blamed on bacteri-
al overgrowth within the loop, and there can be no doubt
that such growth does occur. However, whether that
growth is responsible for the loss of fecal fat is not so
clear. Studies in conventional and gerrnfree ratS with a
blind loop [9] found that gerrnfree ratS excreted approxi-
mately the same percentage of their fat intake as those
without a blind loop, in contrast to conventional rats,
which had a doubling of fat in the stool after establish-
ment of a blind loop. Gerrnfree rats did not increase fat
excretion even with monocontamination or dicontamina-
tion with Bacteroides sp. and Clostridium sp. When they
were removed from the gerrnfree environment, the cate of
fecal fat excretion increased five- or seven-fold, in con-
trast to nonoperated gerrnfree rats, which increased ex-
cretion only slightly when removed from their isolator.
These studies need to be pursued with other species of
gnotobiotic animals to determine which organisms or
combinations are responsible for the malabsorption. lt is
difficult to extrapolate the data from one species of gnoto-
biotic animal directly to man, but improved knowledge of
how various bacteria produce their lethal effects in each
gnotobiotic species should aid the understanding of the
disease process in mano
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Institutes of Health and others; to give the reader
insight into the problems inherent in any unex-
fleldthat seems to offer research opportunities;

~-
.Was it worth the effort? The results of the

numerous investigators in the fleld provide ample evi-
dence foca cIearly positive reply,

Direct surgical application of the gerrnfree technics
was applied flrst and most extensively by Levenson and
associates [1], who demonstrated that it was possible to
do a number of standard surgical procedures utilizing the
gerrnfree technic to envelop the patient, or at least to
exclude the incision from contact with the outSide: atmo-
sphere and to conduct the operative procedure within the
isolator. Thisinvolves some cumbersome equipment, the
learning of a completely different approach to the hap-
dling of the instruments and tissues, and certain difflcul-
ties for nursing personnel. But the lessons learned from
these studies have aided in the use of the technics in other
applications, perbaps most publicized in the use of entire
room isolators for patients with speciflc irnmune-sup-
pressed problems. Other surgical arcas where isolator
technics have been used include neurosurgery, cardiac
surgery, bone marrow transplantation, post-transplanta-
tion irnmune suppression, bums, and infected cases where
reverse isolation is possible. Orthopedists have extended
these uses to procedures where they are most concemed
about infection-hip replacements-and then modifled
them to laminar flow and other technics, all of which
carne partially from previous experience with gerrnfree

technology.

~~

BILIARY/HEPATIC PROBLEMS
Bile peritonitis was studied by establishing a flStula

into the peritoneal cavity from the gallbladder [10]. Con-
ventional animals subjected to tbis procedure died witbin
26 hours. Conventional animals or gnotobiotic animals
with one or two known contarninants and treatedwith
antibiotics also survived. Germfree animals that received
no therapy of any kind all survived to reoperation at 15
days, at which time they showed no ill effects other iban
the presence of a sterile hile ascites, amounting to 2,500
mL in one animal. Thus, bacteria were shown to have a
commanding Tole in the fatal effects of hile peritonitis.

Ligation of the hepatic artery was thought to be fatal
for rnany years, but then became a popular technic for the
treatment of portal bypertension. Conventional dogs sub-
jected to this operation had a 100% mortality, with C.

INtESTINAL OBSTRUCTION
Pur earlier studies had shown that bacteria played a

ma~or Tole in the death of animals subjected to strangula-
tion intestinal obstruction, even when the animals re-
ceived adequate fluid and electrolyte support. Further
studies showed that antibiotics could prevent the fatal
outcome, and therefore the dominant Tole of bacteria
appeared to be established. There remained the lingering
question as to whether the antibiotics might be acting
through some other mechanism rather than just the con-
trolofthe bacterial flora in thesegment ofbowel subject-
ed ~o the obstruction and loss of its blood supply. This
same question about the action of antibiotics has persist-
ed through other afeas and was a further stimulus to OUT
work in the gerrnfree field. A citar-cut answer should be
available in the total absence of bacteria-the germfree
animal.

Gerrnfree dogs were subjected to the same strangula-
tion obstruction procedure as conventional animals and
treated only with fluid replacement. Six gerrnfree dogs
and a total of 13 gnotobiotic dogs contaminated only with
a Bacillus or a Bacil/us and Staphylococcus albus all
survived to 100 hours, in contrast to the conventional
animals that all died within 37 hours [3,4]: "These results
convinced us of the importance of bacteria in the patho-
genesis of the lethal results in strangulation obstruction.
Gnotobiotic dogs that received only fluid support sur-
vived, had a strangulated segment of bowel retum to
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mental animals, contributed to the death of the animals,
since prior cecectomy prolonged survival [16].

More recent studies have shown that gerrnfree rats
had significantly better survival than their conventional
controls when both groups were subjected to a "fluid-
treated" model of hemorrhagic shock in unanesthetized
unrestrained rats [17]. The gerrnfree animal should be a
fertile source for defining the Tole of the microbial flora in
the shock syndrome.:quire-
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we/chii given credit for tbe letbal effects. Antibiotics pre-
vented tbe letbal outcome, and it was sbown tbat even
small doses of antibiotic administered prior to tbe bepatic
artery ligation would algo prevent tbe fatal resulto Still,
tbe possibility tbat tbe antibiotics migbt be acting in some
otber way prevented tbe full acceptance of tbe bacterial
etiology as tbe complete answer to tbis problem. Repeti-
tion of tbe experiment in germfree dogs witbout any
antibiotic or otber tberapy resulted in survival, eliminat-
ing any question about tbe importance of bacteria in tbis
condition [/1].

Bacteria have been implicated in tbe production of
blood arnmonia levels, particularly in tbe elevations found
in patients with liver disease. Gerrnfree guinea pigs were
sbown to have blood arnmonia levels about one fourtb
tbat of conventional animals and to exhibit an increase
when given a high-protein diet, altbougb not to tbe same
extent as conventional guinea pigs [/2]. Subsequent stud-
ies using the Eck fistula as a tecbnic for measuring vari-
ous parameters of hepatic encepbalopatby indicated tbat
gerrnfree dogs develop encepbalopatby witb bistologic,
biocbemical, and clinical evidences of byperarnmonemia
and bepatic coma [13]. Ingestion ofblood led to increases
in blood arnmonia levels comparable with tbat in conven-
tional dogs. Thus, bacteria are not essential for produc-
tion ofblood arnmonia nor for tbe development ofbepatic
encephalopathy, though bacteria mar exaggerate such a
condition.

nIMUNOLOGY
All gerrnfree species studied demonstrated reduced

development of the peripherallymphoid organs. This is
most noticeable in the organs close to the gastrointestinal
tract, which normally would be influenced by the micro-
flora or microbial products. The degree of retardation of
lyrnphoid system development is diet-dependent and is
most striking in the colostrum-deprived germfree piglet
and in other species maintained on a low molecular
weight, water-soluble, antigen-free diet. AlI species of
gerrnfree animals have reduced or absent immunoglobu-
lins, which is also diet-dependent. When immunized with
specific antigens or stimulated with nonspecific mitogens,
all species have been capable of an adequate response,
except the germfree guinea pig, which fails to develop a
typical delayed-type hypersensitivity response. There is
usually an increase in the lag phase of approximately 24
to 48 hours in the response curves. Once the gerrnfree
animal has responded, the response usually reaches a
greater magnitude and is more prolonged than that ob-
served in the conventional counterpart [18]. A study of
allograft rejection, using transplanted thyroid, showed no
difference in any of the parameters studied between
gerrnfree and conventional animals [19]. Thus, gerrnfree
animals provide Jet another tool for the evaluation of a
number of immunologically related problerns in surgical
research.

PANCRE..\TITIS
The role of bacteria in pancreatitis has not yet been

resolved. The Pfeffer technic, which uses a closed loop of
duodenum that includes the pancreatic duct but does not
include bile since the common duct is ligated, was em-
ployed for this study. Germfree animals developed severe
pancreatitis in this model, as did the conventional ani-
mals, even though cultures of the germfree animals and
all their secretions continued to be sterile [14]. The
closed-loop obstruction was not a cause of deatb in the
gerrnfree animals, although it could be implicated as such
in tbe conventional anirnals. However, the conclusion
drawn from this work was that bacteria are not a cause of
death in this form of experimental pancreatitis, and this
was the ftrSt clear-cut study where otber nonbacterial
factors could be excluded. Otber reports with differen~
animals and different tecbnics confirmed these resultsm'
germfree animals. A paradox arises from tbe observation
tbat antibiotics instilled into tbe Pfeffer loop prevent fue
development of pancreatitis, even in germfree animals.[15]. -

SHOCK
Fine focused modero interest on the role of the micro-

bial flora and endotoxins in shock. Thus, tJ:¡e germfree
animal offered an opportunity to refine our understand-
ing of shock. The early studies of shock in germfree ani-
mals failed to give the anticipated increase in survival,
even though fluid therapy did increase survival.A partial
explanation was provided by studies which showed that
the large cecum in germfree rats, which were the experi-

CANCER
Spontaneous prostate adenocarcinomas developed in

aging gerrnfree Lobund Wistar strain rats, but not in
Sprague-Dawley rats maintained under the same condi-
tions, emphasizing the Tole of genetics in the development
of cancer [20]. Tumors have been induced in gerrnfree
animals with dimethylbenzanthracene (DMBA), but the
lncidence was higher in conventional than in gerrnfree
rats for colon, small intestinal, breast, salivary gland, and .,

ear duct tumors [21].
Early studies with Ehrlich ascites tumor in germfree

mice showed that transplanted tumors could grow in the
germfree animal, and therefore these animals were suit-
able for the study of certain effects of immunologic and
microbiologic factors on tumor growth [22]. Later stud-,
ies with Dude mice seemed to indica te that transplanted
human tumor cells would grow but not metastasize in
fuese animals [23]. It was later found that if the tumor
were debulked from time to time, so that the weight ofthe
tumor did not cause death of the host animal, metastases"
did occur. Further evaluation of the potential of geimfree
animals in cancer research is wárranted.



changes in pancreatic enzyrnes. These studies lead to the
comment that the intestinal microflora "represent an en-
tity with a weight comparable to orie ofthe larger organs
ofthe body" and therefore deserve further study, some of
which is only possible in the gnotobiotic animal [30].
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::!:\\;' .An earl~ report on the valu~ofthe lsolato~ for patients

~:;!{rc:',;'\".i; WIth extenslve bums surnmanzed the expenence gained
~!~:~,"'::)""C froní 149 patient-days in isolators and concluded that the!i,(~!,;:::,'.:: C isolator is an effective barrier against cross-contamina-

;~~';:,. tion, that the device was practical, and that the usual care
~?jJ!:,' o~ patients with serious bums was possible without undue
ti:;" difficulty [24].
~fi¡~c Experimental studies on animals indicated that a 25%
(:;~'.'"" full-thickness bum was not lethal to germfree rats and

that the eschar did not separate even after prolonged
intervals, emphasizing the importance of bacteria in the
elimination ofthe"earlyeschar. Ifthe animals were specif-
ically contaminated with Pseudomonas afte¡: the bum,
the subsequent course was similar to that of conventional
rats, except that the gnotobiotic rats had a morerapidly
lethal course. High irnmunoglobulin M titers developed
but were not protective. Heptavalent P. aeruginosa vac-
cine increased irnmunoglobulin G response and pro-
longed survival tiPle. Some forros of antibacterial therapy
increased survival under these conditions, but no benefit
was detectable from the use of the isolator system [25].

PATIENT ISOLATORS
David, the Houston "bubble-boy," was an infant with

severe combined irnmune deficiency disease (SCID), who
lived a fulllife within germfree isolation chambers for
more than 12 years and thus became the longest living
untreated survivor of SCID. From him "much was
learned about the role of the environment on mental,
psychomotor, and psychosocial development. The isola-
tion systems had worked better than anticipated, proving
to be adaptable to David's changing needs as he grew
from a baby to a young mano He was kept free ofinfection
throughout bis entire life" [26]. David died of massive {3-
cell proliferation (probably stimulated by an Epstein-
Barr virus) following an attempt to reconstitute bis bone
marrow with abone marrow graft.

Germfree isolator technology can be utilized to pro-
tect cancer patients from infection during immunosup-
pressive chemotherapy, for patients with burns, and in
patient isolation [27].

MISCELLANEOUS
The relatively few studies of wound healing in germ-

free animals point to the fact that the rate of wound
healing is essentially normal in the germfree animal even
if there is less inflammatory reaction, granulation tissue,
and epithelialization in the gerrnfree than in the conven-
tional animal [28].

The formation of a capsule around a prosthetic breast
implant, with its attendant contracture and loss of com-
pressibility, was shown not to be bacteria-dependent since
there was no difference between conventional and germ-
free animals in the response to a silicone implant [29].

Within the gastrointestinal tract, there have been
studies of Crohn's disease, ulcerative colitis, the relation
between severe diarrhea in C. difficile infection in germ-
free animaIs, the Tole of intestinal bacteria in bilirubin
metabolism, development of intestinal mucin, and
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