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CHAPTER 6
WORKFLOW AND METHODS TO DETERMINE 

THE ROLE OF BACTERIA IN ANASTOMOTIC 
LEAK PATHOGENESIS FROM HUMAN SAMPLES: 

DEFINING THE ROLE OF BACILLUS SUBTILIS
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ABSTRACT
Background and purpose
Various bacterial strains have shown to contribute to anastomotic leak in 
gastrointestinal surgery. This study aims to define a methodology that links bacteria 
retrieved from an anastomotic leakage site to its potential role in leakage pathogenesis.

Methods
We obtained the anastomotic fluid sample from a patient following a total gastrectomy 
who developed an anastomotic leakage on postoperative day 3. We cultured 
and speciated a strain of Bacillus subtilis and determined its ability to express a 
“leak phenotype” as judged by its ability to produce collagenase, activate matric 
metalloprotease 9 (MMP9) and cause a clinical leakage when introduced to anastomotic 
tissues in a mouse model.

Results
The patient‘s culture was positive for Bacillus subtilis which produced a very high level 
of collagenase and activated MMP9. Introduction of the strain (n=7) into mice subjected 
to a colorectal anastomosis via enema fed both a standard diet (SD) and a high fat 
western type diet (WD) and exposed to antibiotics resulted in a statistically significant 
leak rate (SD- 14% leak rate, p = 0.02; WD- 50% leak rate p < 0.01 compared to controls).

Conclusions
Bacteria retrieved from anastomotic leakage sites may be identified to have the 
potential to contribute to anastomotic leakage pathogenesis when they are analysed 
beyond their species and antibiotic resistance profiles. Determining the “leakage 
phenotype” among strains retrieved from patients with anastomotic leakages may 
advance our understanding of the pathogenesis of this dreaded complication.
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INTRODUCTION
Anastomotic leakage remains a real and present danger to patients despite 
improvement in operative technique, use of antibiotics and rapid availability of 
imaging. Although leakage rates across high volume centres seem to have significantly 
decreased over the last several decades, even among high volume expert surgeons, 
leaks still occur resulting in significant disability. Our group has been interested 
in bacteria as causative agents in anastomotic leakage across all sites of the 
gastrointestinal track. Yet, even with the use of standardized preoperative oral and 
intravenous antibiotics, certain commensal organism, with the potential to become 
pathogenic, survive antibiotic exposure and colonize anastomotic tissues. Our group 
has provided compelling evidence to uncover the multiple contingencies required for 
bacteria to behave as causative agents of anastomotic leakage. First the normal flora 
must be disrupted allowing certain strains of bacteria to proliferate such as those 
that can colonize injured tissues and produce toxic tissue degrading enzymes such 
as collagenase. Second, these bacteria must be “cued” by local environmental factors 
in the injured tissues such as the release of cytokines or end-products of ischemia/
hypoxia. Third, these collagenolytic pathogens must activate tissue proteases 
that further impair collagen production and anastomotic healing such as matrix 
metalloprotease 9 (MMP9), which is known to play a key role in anastomotic leakage 
pathogenesis. (1) When all of these contingencies are met, certain bacteria can fulfil 
the criteria of expressing a “leak phenotype.” Although it is common to culture various 
enteric organisms from an anastomotic wound site, discerning which of these are 
merely a reflection of the anastomotic wound itself versus actually contributing to 
the development of the wound has remained a challenge. We previously identified 
Enterococcus faecalis as an organism that fulfilled many of the criteria expressing the 
“leak phenotype.” (1) Although E. faecalis is a low abundance commensal organism, it 
normally survives antibiotic exposure, can proliferate when the normal microbiota are 
eliminated and can shift its phenotype to become highly pathogenic. In this report, 
we describe a case of anastomotic leakage in which the retrieved microbe was found 
to be a commensal mouth organism normally not considered to be a pathogen. Yet 
when tested for its ability to fulfil the above criteria, it expressed the “leak phenotype” 
as judged by its ability to express collagenase, shift MMP9 from its pro-form to its 
active form and cause anastomotic leakage in rodents when introduced directly to 
the anastomotic tissue site.

Here we describe a workflow (Figure 1) in which the potential of a retrieved 
microbe from an anastomotic leakage site to express the leak phenotype can be 
determined. Yet whether a given microbe retrieved from an anastomotic wound site 
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plays a role in the pathogenesis of anastomotic leakage in humans, remains to be 
determined.

Figure 1 – Workfl ow to determine the possible contribution of microorganisms in a clinical anastomotic 
leakage.

METHODS
Patient history: A 48-year-old female patient, with an BMI of 35 and a known CDH-1 
mutation had recently undergone bilateral mastectomies with reconstruction for 
breast cancer 7 months prior to the current presentation. In consultation with her 
medical oncologist, she elected to undergo prophylactic gastrectomy. (2) A laparoscopic 
total gastrectomy with a hand-sewn Roux-en-Y oesophagojejunostomy was performed 
in standard fashion. Intraoperative endoscopy at the conclusion of the procedure 
revealed an air-tight anastomotic with no evidence of ischemia. An UGI obtained on 
postoperative day 3 showed no evidence of leak the patient was given a clear liquid 
diet and advanced to pureed foods. The night of POD3 the patient spiked fever of 39.2°C 
and became mildly tachycardic. A CXR revealed free air, however the patient was in 
no acute distress, had no signs of peritonitis on physical exam, was normotensive 
and did not have any signs of sepsis. A decision was made to forego CT imaging and 
perform repeat laparoscopy. Approximately 50cc of turbid fl uid was identifi ed near the 
anastomosis and was taken for culture. Upper endoscopy was performed, and a 2 mm 
hole was observed without any grossly visible areas of ischemia. The upper abdomen 
was irrigated and drains were placed. The patient underwent placement of a stent 
which was eventually removed with complete healing of the anastomosis and without 
stricture. Follow up after several months of the index operation demonstrated that 
the patient was doing well, had no nausea and was eating regular meals. The patient, 
who was obese prior to the index operation, had lost 50 lbs (23kg), had a BMI of 27 and 
maintained a stable weight.

Jasper_Proefschrift.indd   108Jasper_Proefschrift.indd   108 27/01/2020   14:28:0527/01/2020   14:28:05



109

Workflow to Determine the Role of Bacteria in AL: Defining the Role of Bacillus subtilis

Identification of collagenolytic bacteria
The initial fluid sample obtained during the re-exploration demonstrated normal 
mouth and gut flora and was therefore the clinical laboratory did not perform 
additional cultures to identify the organism. Our laboratory retrieved the original 
fluid sample from the clinical lab and subjected it to a series of tests to determine if 
it expressed the “leak phenotype.” Therefore, fluid samples were directly plated on 
skim milk-containing plates as recently described to determine if cultured organisms 
expressed collagenase. (3)

Briefly, plates specified for Gram(-), Gram(+), Enterococcus and Pseudomonas 
were created with either incorporation of skim milk into Enterococcus, MacConkey       
Gram(-), and Pseudomonas media, or by skim milk overlay of Columbia CNA Agar with 
5% Sheep Blood (CNA, Gram(+)). (3) Colonies surrounded by zones of skim milk clearance 
(i.e. collagenase producing organisms) were collected and identified. Speciation of 
isolated collagenolytic colonies was then performed by the clinical microbiology 
laboratories at the University of Chicago Medicine and the Mayo Clinic Hospital in 
Rochester, Minnesota.

Quantitative collagenase assay
Quantitative analysis of isolated colonies for collagenolytic activity was performed 
using the EnzChek gelatinase/collagenase assay. Bacteria were grown overnight 
in TY media consisting of 10 g/L tryptone and 5 g/L yeast extract. They were then 
inoculated into 96 well plates at 1:100 dilution of overnight cultures with fresh TY 
media; fluorescein-conjugated gelatine from pig skin (D12054, ThermoFisher Scientific) 
at a final concentration of 5 μg/ml was introduced immediately before measuring 
using a multichannel pipette. Cell density (OD= 600 nm) and collagenolytic activity 
(495/515 nm, excitation/emission) were measured immediately (t=0) and serially for 
up to 24 hours. Start point values were subtracted, and collagenolytic activity was 
normalized to cell density.

MMP9 activation assay
Recombinant human proenzyme MMP9 (r-MMP9) (Calbiochem, catalog #PF038) was 
used as a substrate. The r-MMP9 was diluted to a final concentration of 1 μg/ml in 
the assay buffer [50 mM Tris-HCl (pH 7.5), 10 mM CaCl2, and 0.05% Triton X-100]. 30 ml 
of B. subtilis grown in TSB (OD 600 nm = 1.0) was incubated with 20 ml of r-MMP9 (1 
mg/ml) for 2 hours. After co-incubation, the conditioned medium was centrifuged 
(6,000g, 20 min), and 5 μl of the supernatant was mixed with an equal volume of 2× 
SDS loading buffers and subjected to zymography. Zymography for identification of 
zones of enzyme activity was performed using 7.5% SDS-PAGE gels containing 0.1% 
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gelatine as previously described. (4) E. faecalis strain E2, previously shown to activate 
MMP9, was used as a positive control.

Mouse model of anastomosis leakage in response to exogenous bacteria
In order to have easy access to an anastomosis in the mouse so as to be able to easily 
expose it to the test microorganism, we performed a colorectal anastomosis on mice 
as previously described. (5). Briefly, male BALB/c mice aged 6 weeks old (Charles River 
Laboratories) were used in the experiments. Mice were maintained in accordance 
with the University of Chicago IACUC Protocol 72491 with guidelines prepared by the 
University of Chicago Institutional Animal Care and Use Committee. Our protocol 
for this mouse model is to create conditions that mimic those of our patients with 
antibiotics exposure and feeding of a western diet. Therefore, mice are randomly 
assigned to two feeding regimens, a Standard low fat, high fibre diet (chow) diet (n = 14) 
and a high fat, low fibre Western diet (Bio Serve S3282) (n = 12) more typical of the diet 
of our patients. Mice were allowed their defined diet and water ad libitum for 6 weeks, 
and the weight of the mice was measured at the end of 6 weeks. Prior to the surgery, 
mice received oral clindamycin (100 mg/kg, ~50 mL oral gavage of 50 mg/mL) and a 
subcutaneous injection of cefoxitin (40 mg/kg, ~100 mL of 10 mg/ mL), mimicking 
the preoperative antibiotic treatment in human colorectal surgery. Subsequently the 
mice were anesthetized with an intraperitoneal injection of ketamine (100 mg/kg) 
and xylazine (10 mg/kg). In short, after opening the abdomen by a midline abdominal 
incision, the colon was transected at the peritoneal reflection and an anastomosis 
was created with 7 interrupted sutures of 8-0 proline. The anastomosis’ integrity 
was verified by administration of an 100μl enema of normal saline via a 22-gauge 
blunt, olive tip needle, after which the abdomen was closed by a double layer of 5-0 
Vicryl followed by a 5-0 Nylon. Animals were resuscitated with 1mL subcutaneous 
injection of 0.9% normal saline. Postoperative analgesia consisted of subcutaneous 
injections of buprenorphine (0.05mg/kg Henry Schein) every 8-12 hours for first 48 
hours and one-time subcutaneous dose of meloxicam (1mg/kg Henry Schein). On 
postoperative day (POD) 1, 100 mL of a freshly prepared bacterial suspension with B. 
subtilis (OD600nm = 1.0 in 10% glycerol) or only vehicle (10% glycerol) was administered 
once via a rectal enema with a 22-gauge blunt olive tip needle. Half of each group was 
given the bacterial suspension (Standard diet n=7, Western diet n=6). The mice were 
observed during the postoperative days for clinical signs of leakage such as lethargy, 
weight loss, decreased movement and visible chills. Mice that exhibited signs of leakage 
were sacrificed and their anastomoses visually evaluated for signs of leakage. All other 
mice were sacrificed by CO2 asphyxiation with confirmatory cervical dislocation on 
POD6, upon which their anastomoses were visually inspected at the time of sacrifice. 

Jasper_Proefschrift.indd   110Jasper_Proefschrift.indd   110 27/01/2020   14:28:0527/01/2020   14:28:05



111

Workfl ow to Determine the Role of Bacteria in AL: Defi ning the Role of Bacillus subtilis

The anastomotic healing was scored with the validated anastomotic healing score 
(AHS) as previously described (5): 0 = normal healing; 1 = loose adhesion; 2 = dense 
adhesion; 3 = gross abscess formation; 4 = gross leak with peritoneal contamination.

RESULTS
Bacillus subtilis expresses the “leak phenotype” as judged by its ability 
to degrade collagen and activate MMP9.
The initial clinical microbiology culture results of the turbid fl uid grew mixed normal 
mouth and gut fl ora and therefore was not speciated by the clinical microbiology 
laboratory. The fl uid sample then was cultured on skim milk agar plates specifi ed for 
Gram(-), Gram(+), Enterococcus and Pseudomonas. (3) Collagenolytic colonies were 
found on Gram(+) CNA plates covered with skim milk. The facultative anaerobe Bacillus 
subtilis was identifi ed as a highly collagenolytic that predominated on the plates. 
Quantitative collagenase assay revealed high level of collagenase activity as seen by 
degradation of fl uorescein-labelled gelatine. B. subtilis’ collagenase activity was three-
fold that of the other Gram(+) collagenolytic strains of E. faecalis isolated previously 
from anastomotic tissue in rat model of anastomotic leakage (Figure 2A). B. subtilis 
was also capable of MMP9 cleavage activation, similar to that of E. faecalis (Figure 2B).

Figure 2 – Collagenolytic activity (A) Collagenolytic activity of the Bacillus subtilis strain compared with 
a known high collagenolytic Enterococcus faecalis strain (E2 (1)). (B) The B. subtilis shows to be capable of 
MMP9 cleavage activation similar to E. faecalis.
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Exposure of Bacillus subtilis to the anastomotic tissues of mice results 
in impaired healing and gross clinical leakage.
In order to analyse the potential of B. subtilis to cause leakage, we tested the bacteria in 
our mouse model using mice on standard chow and a western diet. Mice fed Western 
diet for 6 weeks signifi cantly increased in weight (p < 0.01, t-test) (Figure 3). In both the 
Standard diet and the Western diet groups, the mice given the saline enema (vehicle 
control) did not develop any visible signs of anastomotic leakage when sacrifi ced on 
postoperative day 6 (POD6). In the Standard diet group with B. subtilis, only one mouse 
showed signs of leakage at POD6 and showed abscess formation at the anastomotic site 
during inspection after sacrifi ce. Three mice in the Western diet group with B. subtilis 
developed severe clinical signs of leakage on POD5 and were therefore sacrifi ced. In 
all three cases, upon evaluation of the anastomoses, there was visible dehiscence with 
signifi cant perianastomotic adhesion, abscess formation and spilled luminal contents. 
Statistical analysis showed a difference in leak rate between the B. subtilis mice and 
the vehicle mice in the Standard diet group (14%, p = 0.02, Mann-Whitney U). In the 
Western diet group, there was also a statistically higher leak rate in the mice given a 
B. subtilis enema compared those who received only vehicle suspension (50%, p = 0.04, 
Mann-Whitney U). AHS in Western diet fed mice with B. subtilis was signifi cantly higher 
compared to Standard fed mice with a vehicle suspension (p < 0.01, Mann-Whitney 
U) (Figure 4).

Figure 3 – Weight of mice (A+C) Weight of mice on the day of surgery (POD 0) (B+D) and on the day of 
sacrifi ce. The weight of the mice was signifi cantly higher in mice fed a Western diet (WD) on POD 0 (p 
< 0.01, t-test) and on POD 6 (p = 0.02, t-test). On POD 0 the mice with a Standard diet (SD) and a B. subtilis 
enema differed in weight compared to mice fed a Standard diet with a vehicle enema (p = 0.04, t-test), but 
this difference had disappeared at the day of sacrifi ce. In addition, the mice fed a Western diet and given 
a B. subtilis enema had a signifi cantly higher weight than mice fed a Standard diet given the same enema 
on both POD 0 and the day of sacrifi ce (p < 0.01).
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Figure 4 – Anastomotic Healing Score (AHS) The anastomotic healing score of the 4 groups of mice. Mice 
fed a Standard diet (SD) given a B. subtilis enema have a signifi cantly higher leak rate compared to mice 
with a vehicle enema (p = 0.02). Mice fed a Western diet (WD) group and given a B. subtilis enema leaked 
more compared to Western diet with vehicle enema and Standard diet with vehicle enema (respectively 
p = 0.04 and p < 0.01).

DISCUSSION
The results of this report and analysis provide a methodology to link a microbe 
retrieved from an anastomotic leakage site to its potential role in the pathogenesis 
of leakage. Although results of the present study suggest a potential role for B. subtilis
in the leak observed in this case, the fact that the leak occurred on postoperative 
day 3 is highly suggestive of a technical issue such as tension, ischemia, suture 
placement, etc. Evidence against this possibility is the fi nding that endoscopy and 
UGI suggested integrity of the anastomosis following immediate construction and 
during 3 days of healing. However, the process of ischemia and non-healing could 
peak during the ensuing days following initial anastomotic construction and account 
for a non-bacterial mediated anastomotic leakage occurrence. Yet the extent to 
which colonization of a highly collagenolytic bacteria that can activate MMP9 on 
an anastomotic site with a technical issue contributes to the clinical manifestation 
of leakage, remains to be determined. (1,5) Developing a standardized methodology 
to understand the role of microbes in leak pathogenesis may require interrogation 
of the microbe beyond its speciation and antibiotic resistance profi le alone. It is for 
this reason, mice were exposed to antibiotics and administered a high fat diet, both 
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of which are known to alter the microbiome and are a routine part of the care of a 
patient undergoing anastomotic surgery. (6)

The microorganism Bacillus subtilis is a human commensal organism that normally 
colonizes the gastrointestinal tract. While it is not traditionally considered to be a 
pathogen, it has been associated with foodborne illness. (7,8) It has been previously 
demonstrated to produce gelatinase and other Bacillus species are known to produce 
collagenase. (9) B. subtilis is highly resistant to extreme environmental conditions 
and antibiotics and in some cases it has been used as a probiotic to prevent infection. 
(10,11) However in some cases, as demonstrated in the present report, it may have the 
potential to behave as a pathogen. Like many commensal organisms, depending on 
environmental context, colonizing microbes can adapt a commensal lifestyle, while in 
other circumstances a pathogenic one. The current approach of intestinal antisepsis 
prior to gastrointestinal surgery does not consider microbial phenotype expression 
as a target of the antibiotics. Yet when competing organism are eliminated by broad 
spectrum antibiotics, remaining organisms can shift their phenotype, especially when 
they encounter environmental cues such as those present in a fresh intestinal wound. 
Therefore, a more complete understanding of the microbiome that patients bring to 
the operating room prior to surgery, the organism we eliminate with current antibiotic 
regimens and those that subsequently colonize healing tissues may allow for a more 
complete identification of organisms with the potential to complicate healing. Such 
information may indicate that a one-size-fits-all approach of antibiotic prophylaxis 
may not be ideal.

Data from the present study suggests that in the current era of promiscuous 
antibiotic use, the intake of a western type diet and the prevalence of obesity, 
identification of microbial organisms and the phenotype they express at sites of 
anastomotic leakage may be important to inform future approaches for intestinal 
antisepsis prior to gastrointestinal surgery. As microbiome sciences continue to 
develop, understanding which organisms to preserve and which to eliminate may be 
now technically possible in the era of advanced sequencing. Results from the present 
study demonstrate that both phenotype expression (i.e. collagenase production) and 
introduction of isolate into mice may play an important role in establishing the extent 
to which a microbe, present at the site of an anastomotic leakage, contributes to the 
molecular pathogenesis of this devastating surgical complication.
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CANDIDA PARAPSILOSIS

C. parapsilosis is a fungal species of 
yeast. It is considered as a normal 
human commensal. However, 
patients with suppressed 
immunity are at risk for 
infection with this species. 
It is considered to be an 
emerging fungal pathogen 
and is associated with a high 
morbidity and mortality rate. 
This species is associated with 
anastomotic leakage and is 
amongst others discussed 
in Chapter 7 of this thesis.
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