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Abstract; This clinical study was designed to determinate the value of colon microbiota microflora in colorectal
cancer patients. We investigate pre-and post-operation stool samples in patients with different tumor localizations,
trying to correlate those to postoperative complications. Our findings shows that if opportunistic pathogenic micro-
flora levels are elevated before operations, it can lead to further microbiota disbalance in postoperative period, espe-
cially in cases of antibacterial prophylaxis or treatment. Further, this changes increase a chance of receiving some
complications after surgery. So, we suggest an analysis of stool microbiota in patients with colorectal cancer to be
performed prior and after the operation. Furthermore, a perioperative decontamination therapy should be performed
in cases of pathogenic microflora levels elevation. Still, monitoring a perioperative microbiota changes is not a
routine in most recommendations and we assume that including this relatively unencumbered patient testing in pre-
operative survey will help to reduce a number of postoperative complications.
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Introduction

Technological advances in molecular genetics
have  significantly  altered  qualitative  and
quantitative perceptions of microbiota composition.
It is known that an absolute majority (89%) of the
microbiota in a healthy human being belongs to one
of two phyla-Bacteroidetes and Firmicutes-each of
which consists of a multitude of genera. Bacte-
roidetes is a group of anaerobic, gram-negative
bacteria of three classes-the Bacteroidetes, the Fla-
vobacteria, and the Sphingobacteria. Firmicutes

are gramrpositive bacteria of two primary classes

the Bacilli and Klebsiella. The general related to
Firmicutes include Streptococcus, Staphylococcus,
Lactobacillus, and Enterococcus. Not well-known
but widespread genera are Veillonella, Ruminococ-
cus, Eubacteria, and Peptostreptococcus (Fig. 1).
The most prevalent of the Firmicutes are the Clos-
tridia. It has been established that the total
quantity of Bifidobacterium in the order Actinomy-
cetales generally does not exceed 5% of the total
intestinal flora, and Lactobacillus does not
exceed 1%,
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are reporting the presence of a vast intestinal mi-
crobiota detected using bacteriological methods,
together with surgical practice, in patients with
colorectal cancer. As a result, some degree of in-
testinal microbiocenosis disorder was detected in
almost all patients because of low counts of Lacto-

bacillus and Bifidobacterium and growth of oppor-

tunistic flora; however, most of these studies are
5]
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Figure 1 Composition of human intestinal microbiota

Despite advances in surgery and intensive
medicine, very low incidence of postoperative com-
plications, and  patients  following  early
rehabilitation protocols, the intestinal microflora
plays a major role in the pathogenesis of a specific
proportion of complications (abdominal sepsis, an-
tibiotic-associated colitis, and incompetence of in-
testinal anastomosis)™ .

Many methods of correcting intestinal
dysbiosis have been suggested, from administering
eubiotics and probiotics to fecal transplantation;
however, no method has become standard practice
or is sufficiently effective™® 14,

Currently, most scientific studies are focused
on investigating the possible role of microbiota in
intestinal carcinogenesis and developing cancer
treatments that normalize microbiocenosis. Addi-
tionally, the search for microbiological markers
that would permit early diagnosis of colon cancer is
ongoing 14,

In contrast, there are a few publications track-
ing colonic microbiota in patients with colorectal
cancer prior to and after surgery using modern ge-
netic-based methods.

The search for correlations between the condi-
tion of the intestinal microbiota and type of com-
plication, tumor localization, and antibiotic proph-

ylaxis is the purpose of this study.

Materials and Methods

A follow-up comparative study  was
performed. All of the procedures performed in this
study were in accordance with the ethical standards
of the institutional research committee and with
the 1964 Declaration of Helsinki and its later a-
mendments. For all of the patients, informed con-
sent was obtained.

The intestinal microflora of 38 patients with
colorectal cancer was examined. Women slightly
outnumbered men at 55.5% (n =21) and 44.5%
(n =17), respectively. Most patients (73%) were
either of an elderly or of a senile age (60—89 years
old). The study included all patients on whom sur-
gery had been performed for the diagnosis of colon
cancer. Patients with distant metastasis were ex-
cluded.

Tumors were localized in 40% (n = 15) of
cases in the right colon, in 26% (n =10) of cases
in the rectosigmoid transition zone, in 18% (n =
7) of cases in the rectum, and in 16% (n =6) of
cases in the left colon. Tumors in all the patients
were verified to be adenocarcinomas (Table 1).

Table 1 The adenocarcinoma tumors’ localization in patients

Tumor localization n %
Right colon cancer 15 40
Rectosigmoid colon cancer 10 26
Rectum cancer 7 18
Left colon cancer 6 16
Total 38 100

In 37% (n =14) of patients, the tumor had
narrowed the intestinal lumen (1-cm wide colonos-
copy instrument could not pass through the lumen
giving a clinical picture of subcompensated
intestinal obstruction) and possessed signs of per-
itumoral infiltrate. Neoadjuvant chemoradiation
was performed on four (57%) of seven patients
with rectal cancer.

Preoperative preparation of the colon included
a low-residue diet for seven days prior to surgery.
Patients with rectal tumors received purgative ene-
mas the night before and the morning prior to sur-
gery. Bulk laxatives were not prescribed.

All patients underwent surgery as scheduled.

Standard laparoscopic procedures were per-

formed in 66% (n =25) of cases. whereas open
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surgery was performed in 34% (n =13) of cases.
Anterior rectal resection operations with total me-
sorectumectomy were followed by mandatory reversal

of preventive transverse colostomy (Table 2).
Table 2 The type of performed operation

Operation type Laparoscopic  Laparotomy

Abdominoperitoneal resection 2 1
Frontal rectal resection with total mesorectal excision 7 2
Right hemicolectomy 9 6
Left hemicolectomy 5 1
Hartmann's procedure 2 3
Total 25 13

All patients were administered antibiotic

prophylaxis. The following regimen was followed
most often-intraoperative; Ampisid (Ampicillinum
+ Sulbactamum) 1.0 g, postoperative: Ampicilli-
num 1.5 g TID for three days. Seven patients re-
ceived additional Metronidazole therapy, 400 mg 2
times a day, primarily due to signs of peritumoral
inflammation. Microflora of all the patients were
analyzed seven days prior to and ten days after sur-
gery. The sampling., transport, and storage of
fecal matter was conducted in strict compliance
with methodical recommendationst*,

The sample container was stored until analysis
at 2—8°C. The time from sampling to analysis was
no greater than 48 h.

We used real-time polymerase chain reaction
(PCR) using a selection of KOLONOFLOR rea-
gents, which included a PCR amplification mix for
all bacteria (general bacterial mass) and amplifica-
tion mixes for each type (or group) of bacteria de-
tected (the list of detected microorganisms is given
in Table 3.

Results

Analysis of our findings showed changes in
quantitative and qualitative microflora composition
before and after surgery in all patients (Table 4)
(Fig. 2). Primarily, changes were observed as ele-
vated total bacterial mass (Fig. 3), counts of Lac-
tobacillus spp. (Fig. 4) and Bifidobacterium spp.
(Fig. 5), significant anaerobic imbalance (Fig. 6),
and progressing elevation of opportunistic patho-
genic microflora. Prior to surgery, 87 % of patients
had an elevated total bacterial mass, and 95% of
Lactobacillus spp. and 97 % of Bifidobacterium spp.

were elevated. In 32% of patients, anaerobic im-

balance was detected, primarily due to significantly
(89%) elevated count of Bacteroides fragilis group
(Fig. 7). Prior to surgery, Escherichia coli (Fig. 8)
was elevated in 50% of patients, and Enterobacter
spp. (Fig. 9) was elevated in 71% of cases. Of the op-
portunistic pathogenic flora, 63% of patients had ele-
vated enteropathogenic E. coli (Fig. 10), and a third
had elevated Fusobacterium spp. and Clostridium per-
fringens. Clostridium difficile (Fig. 11) was observed
in 8% of patients prior to surgery.
Table 3 The list of detected microorganisms and

amplification mixes

Amplification reagents

Sample No
FAM HEX
1 Total bacterial mass
2 Lactobacillus spp.
3 Bifidobacterium spp.
4 Escherichia coli
5 Bacteroides fragilis group
6 Faecalibacterium prausnitzii
7 Klebsiella pneumoniae Klebsiella oxytoca
8 Candida spp. Staphylococcus aureus
9 Escherichia coli enteropathogenic
10 Enterococcus spp.
11 Bacteroides thetaiotaomicron
12 Clostridium difficile Clostridium perfringens
13 Proteus spp.
14 Enterobacter spp. /Citrobacter spp.
15 Fusobacterium nucleatum
16 Salmonella spp. Shigella spp.

Table 4 The changes in microflora composition before

and after surgery

Before surgery  After surgery

Index

% n % n
Total bacteria mass A 87 33 97 29
Lactobacillus spp A 95 36 97 29
Bifidobacterium spp A 97 37 87 26
Escherichia coli A 50 19 70 21
Bacteroides fragilis group A 89 34 67 20
Bacteroidesfragilis/Faecalibacterium
prausnitzii ratio (anaerobic disbalance) 5 12 o 1
Enterobacter spp A 71 27 93 28
Escherichi coli enteropathogenic A 63 24 73 22
Fusobacterium spp + 34 13 17 5
Clostridium perfringens t 32 12 10 3
Klebsiella oxytoca A 18 7 20 6
Klebsiella pneumoniae A 13 5 29 11
Clostridium difficile + 8 3 26 10
Citrobacter spp A 13 5 20 6
Enterococcus spp A 10 4 23 7
Proteus vulgaris A 5 2 7 2
Candida spp A 3 1 7 2
Staphylococcus aureus A 3 1 10 3

Comment: #4 . increased amounts; -+ : bacteria presence
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In the postoperative period, anaerobic imbal-
ance was noted in 63% of patients. In this regard,
Lactobacillus spp., Bifidobacterium spp., and B.
fragilis group levels were either elevated or nor-
malized. The increase in the number of patients
with elevated E. coli (70%), Enterobacter spp.
(93%), and enteropathogenic E. coli (73%) was
notable. Almost one-third of patients possessed el-
evated C. difficile, Klebsiella pneumoniae, Citrobacter
spp.» and Enterococcus spp. after surgery.

Multi-factor analysis demonstrated that mi-
croflora changes were not statistically dependent
on the gender or age of patients, scope or method

of surgical intervention, or on tumor-induced ste-
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Figure 2 Dynamics of perioperative intestinal microbiota
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The elevation of Lactobacillus spp., Bifidobac-
and B. group

categories statistically

terium, in all patient

which

somewhat contradicts data presented in the publi-

fragilis
was significant,

cations  provided® ™.  Significant  anaerobic
imbalance was most frequently diagnosed during
the postoperative period, especially after antibiotic
prophylaxis and therapy. C. difficile and C. perfrin-
gens were most frequently diagnosed in patients
with tumors of the right colon (P <C0.05).
Postoperative complications arose in five pa-
tients (13.2%): (1) lower pelvic abscess (infected
hematoma); (2) postoperative wound inflammation;
and (2) dehiscence of anastomosis (6 %). However,
no deaths occurred. It should be noted that all pa-
tients underwent laparoscopic surgery and two re-

ceived preoperative chemoradiation.

Detailed analysis of the changes in microflora
composition in patients with complications revealed
that elevated Lactobacillus spp., Bifidobacterium
spp.. and B. fragilis group levels tended to normal-
ize. In this regard, more so than in the remaining
group of patients, this group experienced anaerobic
imbalance due to dominance of opportunistic path-
ogenic microflora, the significance of the specific
types thereof may not be evaluated due to a small
number of observations (Table 5). A month after
the surgery, 34% (n =13) of patients exhibited
signs of irritable bowel syndrome, and most of
these patients were diagnosed with clostridial in-
fection during the postoperative period. This re-
quired decontamination by prescribing enterotropic
antibiotics and probiotics, which helped to cure

this complications.

Table 5 The changes in microflora composition before and after surgery
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Discussion

This issue is very relevant to clinical practice at
present. Many publications provide detailed analysis of
colonic microbiota in patients with colorectal cancer
and almost immediately suggest a method for treating
detected changes using eubiotics and probiotics. Never-
theless, quotidian surgical practice indicates that dysbi-

osis remains a “dark horse”. No single pre-or postop-

increased amounts; 4 4 : highly increased amount; 0;

lack of bacteria; N reference

erative colonic microflora analysis exists as an accepted
part of standardized care for patients undergoing
surgery or any category of patients with colorectal
cancert!" 1%,

The results of our study somewhat contradict
the data found in the literature®’. The study re-
vealed the presence of lacto-and bifidoflora both

before and after surgery, but individual patients
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tested at low-normal level. Almost all patients

were diagnosed with anaerobic imbalance,

primarily due to elevated bacteroides and oppor-
tunistic pathogenic microflora. Quantitative and

qualitative opportunistic pathogenic microflora

different from those

described in other publications 2!,

composition was also
Analysis of
postoperative colonic microbiocenosis is especially
interesting. C. difficile and many other pathogenic
and opportunistic pathogenic microbes were dis-
covered in every third patient, especially those
with tumors in the right colon.

Conclusions

Changes in microflora changes did not depend
on patient gender or age, scope or method of surgi-
cal intervention, or tumor-induced stenosis and in-
filtration (p 0.05). Significant anaerobic imbalance
was most frequently diagnosed during the postop-
erative  period,  especially after antibiotic
prophylaxis and therapy in patients with tumors of
the right colon (p 0.05). Analysis of microbiota in
stool samples of patients with colon cancer should
be performed prior to and after surgery. If oppor-
tunistic pathogenic microflora are elevated, preop-
erative decontamination should be performed using
enterotropic antibiotics or personalized antibiotic
prophylaxis to be followed with mandatory postop-
erative analysis and outpatient treatment.
Specialized medical communities should consider
colonic microbiota analysis prior to and after
surgery as a part of standard medical care.

The study poses questions that absolutely
must be answered. What is the distinction between
increased pathogenic and opportunistic pathogenic
microbes and infection Does opportunistic patho-
genic microflora require preoperative decontamina-
tion Alternatively, perhaps should preventive an-
tibiotic treatment be personalized, taking into ac-
count the changes in microbiota What is the place
and significance of eubiotics and probiotics during
the preoperative period considering the findings

Our study indicates that the role of dysbiosis in
complications is unclear. However, it is clear that mi-
croflora should be analyzed before the patient is dis-
charged. One-third of patients were diagnosed with
elevated pathogenic and opportunistic pathogenic

microbes. The quality of life of these patients is

significantly diminished, thus dysbiosis should be

treated in the outpatient setting.
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