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The use of probiotics has been widely documented to benefit human health, but their clinical value in surgical patients 
remains unclear. The present study investigated the effect of perioperative oral administration of probiotic bifidobacteria 
to patients undergoing colorectal surgery. Sixty patients undergoing colorectal resection were randomized to two groups 
prior to resection. One group (n=31) received a probiotic supplement, Bifidobacterium longum BB536, preoperatively 
for 7–14 days and postoperatively for 14 days, while the other group (n=29) received no intervention as a control. The 
occurrences of postoperative infectious complications were recorded. Blood and fecal samples were collected before 
and after surgery. No significant difference was found in the incidence of postoperative infectious complications and 
duration of hospital stay between the two groups. In comparison to the control group, the probiotic group tended 
to have higher postoperative levels of erythrocytes, hemoglobin, lymphocytes, total protein, and albumin and lower 
levels of high sensitive C-reactive proteins. Postoperatively, the proportions of fecal bacteria changed significantly; 
Actinobacteria increased in the probiotic group, Bacteroidetes and Proteobacteria increased in the control group, and 
Firmicutes decreased in both groups. Significant correlations were found between the proportions of fecal bacteria 
and blood parameters; Actinobacteria correlated negatively with blood inflammatory parameters, while Bacteroidetes 
and Proteobacteria correlated positively with blood inflammatory parameters. In the subgroup of patients who 
received preoperative chemoradiotherapy treatment, the duration of hospital stay was significantly shortened upon 
probiotic intervention. These results suggest that perioperative oral administration of bifidobacteria may contribute 
to a balanced intestinal microbiota and attenuated postoperative inflammatory responses, which may subsequently 
promote a healthy recovery after colorectal resection.
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INTRODUCTION

Probiotics are defined as “live microorganisms which 
when administered in adequate amounts confer a health 
benefit on the host” [1]. Bifidobacteria and lactic acid 
bacteria are the main genera of probiotic microorganisms. 
Probiotics are widely documented for their roles in 
prevention and treatment of diseases, primarily via 
improving the intestinal environment and enhancing host 
defense functions [2, 3]. Clinical trials have illustrated that 
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prophylactic administration of probiotics, and in some 
cases together with prebiotics (as synbiotics), to patients 
undergoing abdominal surgery reduced postoperative 
infections [4–8]. Systematic reviews and meta-analyses 
showed that the use of pro-/synbiotics has positively 
affected clinical outcomes after abdominal surgery [9, 
10]. However, another study demonstrated that the effect 
of prophylactic administration of probiotics to patients 
undergoing different types of gastrointestinal surgeries 
was insignificant [11]. The effects of pro-/synbiotics on 
postoperative infections in colorectal cancer patients 
remain controversial, and studies involving specific 
strains of probiotics for specific groups of patients are 
needed to better justify their efficacy.

The present study investigated the effect of a probiotic 
strain, Bifidobacterium longum BB536, which has been 
reported to have various physiological effects [12, 13], 
on immune functions, systemic inflammatory responses, 
and postoperative infectious complications in patients 
undergoing colorectal surgery. Fecal microbial profiling 
was also performed to better understand the possible 
roles of microbiota on health conditions of patients and 
to justify the positive outcomes of probiotic intervention.

MATERIALS AND METHODS

Study design and participants
Patients who had colorectal cancer at 20–85 years of 

age and were scheduled to undergo colorectal cancer 
resection at Mitoyo General Hospital between October 
2008 and December 2012 were enrolled in this study. 
The exclusion criteria were severe diseases of the liver, 
kidney, heart, and lung and the presence of a food allergy. 
Patients with bowel obstruction were also excluded. 
Written informed consent for participation was obtained 
from each patient before enrollment. All study protocols 
were reviewed and approved by the Local Ethics 
Committee of Mitoyo General Hospital, Takamatsu, 
Japan, and complied with the Helsinki Declaration as 
revised in 1983. A flow diagram of participants is shown 
in Fig. 1.

This was a randomized, single-center, single-blinded 
trial. Physicians involved with the diagnosis of infections 
and researchers performing the statistical analyses were 
not involved in the randomization process. The subjects 
were randomized before surgery to either the probiotic 
group or control group using a computer-generated 
permuted-block randomization. Subjects in the probiotic 
group received a sachet containing 2 g of B. longum 
BB536 powder (approximately 5 × 1010 colony-forming 
units/2 g) daily for 7–14 days preoperatively and 14 days 

postoperatively (starting one day after surgery). The 
subjects were advised to ingest this powder by drinking 
it with milk or water. Subjects who did not receive the 
intervention were used as a control group.

Clinical observation and blood analyses
All patients started fasting one day before surgery 

and underwent preoperative bowel preparation by 
orally taking an electrolyte-compounding agent (2 
L, Niflec, Ajinomoto Pharmaceuticals). All patients 
received antibiotic prophylaxis (cefmetazole) as a single 
intravenous drip infusion on the day of surgery and one 
day after surgery. An additional postoperative antibiotic 
was prescribed when recommended by the physicians 
who diagnosed the patients. Detailed daily records of each 
patient’s postoperative course were kept, and infectious 
complications were recorded for 14 days after surgery 
in accordance with the Guideline for the Prevention of 
Surgical Site Infection (1999) [14].

Blood samples were collected before and after surgery 
(days: –14, 1, 4, 7, and 14) to assess biomarkers related 
to the health condition of the patients, with the exception 
of natural killer (NK) cell activity and interleukin (IL)-
6, which were assessed on days –14, 1, and 7. NK cell 
activity (%) was measured by a 51Cr-release assay [15]. 
All measurements were performed by SRL, Inc. (Tokyo, 
Japan).

Analysis of fecal microbiota
Fecal samples were collected from each subject 

before probiotic ingestion at prior to surgery, and 1 
week after surgery using a sampling kit (Techno Suruga 
Laboratory Co., Ltd., Shizuoka, Japan), which enabled 

Fig. 1. Flow diagram for the study.
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quick stabilization of DNA and processing of samples at 
normal room temperature. Six patients failed to provide 
samples before or after surgery; a total of 54 full sets of 
samples were collected (28 in the probiotic group and 26 
in the control group).

DNA was extracted from the fecal samples as 
previously described [16] with some modifications. Fifty 
microliters of 10% sodium dodecyl sulfate, 500 µl of 
phenol-chloroform, and 300 mg of glass beads (diameter, 
0.1 mm) were added to 450 µl of fecal suspension. 
The mixture was vigorously vortexed at 2,700 rpm 
for 3 minutes at 4°C using a Multi-beads shocker 
(MBS01(S), Yasui Kikai Corporation, Osaka, Japan). 
After centrifugation at 14,000×g for 5 min, 400 µl of 
supernatant was extracted with phenol-chloroform, 
and 250 µl of the supernatant was precipitated with 
isopropanol. Inhibitors were removed using a High Pure 
PCR Template Preparation Kit (Roche). The purified 
DNA was suspended in 200 µl of Tris-EDTA buffer (pH 
8.0).

The V3-V4 region of bacterial 16S rRNA genes 
was amplified by PCR with a TaKaRa Ex Taq HS 
kit (TaKaRa Bio, Shiga, Japan) and the primer 
set of Tru357F (5′-CGCTCTTCCGATCTCTG 
TACGGRAGGCAGCAG-3′) and 
Tru806R (5′-CGCTCTTCCGATCTGAC 
GGACTACHVGGGTWTCTAAT-3′). DNA was 
amplified according to the following program: preheating 
at 94°C for 3 min; 25 cycles of denaturation at 94°C for 
30 sec, annealing at 50°C for 30 sec, and extension at 
72°C for 30 sec; and a final terminal extension at 72°C 
for 10 min. Upon checking the size and the quantity of 
the amplified DNA using a QIAxcel system (Qiagen, 
Valencia, CA, USA), 1 µl of the PCR products were 
amplified with a 2nd primer set, adapted for the Illumina 
MiSeq. DNA was amplified using the same program as 
described above, except that a 15 amplification cycles 
were used instead of 25. After checking the size and the 
quantity of the 2nd set of amplified DNA products using 
the QIAxcel system, the products were purified using a 
QIAquick 96 PCR Purification Kit (Qiagen, Valencia, 
CA, USA) according to the manufacturer’s protocol. 
The purified products were quantified using a Quant-
iT PicoGreend dsDNA Assay kit (Life Technologies, 
Carlsbad, CA, USA). Subsequently, equal amounts of 
the amplicons from different samples were pooled, and 
primer-dimers were removed by gel extraction with a 
QIAquick PCR Purification Kit. The pooled libraries 
were sequenced using an Illumina Miseq instrument with 
a MiSeq v2 Reagent kit.

The Illumina paired-end reads that passed the quality 

filters were combined by the fastq-join script in EA-Utils 
(ver. 1.1.2-537) [17]. The sequences were then analyzed 
using the QIIME software package version 1.6.0 [18, 
19] (http://quime.org/). Potential chimeric sequences 
were removed using UCHIME, assigned to operational 
taxonomic units (OTUs) using open-reference OTU 
picking [20] with a 97% threshold of pairwise identity, 
and then classified taxonomically using the Greengenes 
reference database (http://greengenes.secondgenome.
com/downloads/database/12_10) and a confidence 
threshold of 60% [21]. As a result, 1,363,590 sequences 
were assigned to 108 samples, in which the average ± 
standard deviation of the read number per sample was 
12,625 ± 3,370. UniFrac distances were calculated from 
the Illumina V3-4 16S rRNA gene dataset.

Statistical analyses
Postoperative infectious complication was 

predetermined as the primary efficacy variable. The 
secondary variables were as follows: additional 
postoperative antibiotic treatment, hospital stay, and 
changes in blood parameters and the microbiota. 
Regarding sample size, a minimum of 60 subjects were 
required to demonstrate a reduction in postoperative 
infectious complications from 40% to 15% at a 5% 
significant level with 80% power, similar to that seen in 
another study [22].

Results of blood parameters are expressed as the mean 
± SD or SE. Statistical analyses were performed using 
the paired and unpaired Student’s t-test for continuous 
variables and Fisher’s exact test for categorical variables 
in comparison between the control and probiotic groups. 
Variables that did not follow a normal distribution were 
analyzed after natural log transformation. The data for the 
microbiota were expressed as the median and interquartile 
range (IQR) of the proportion of each bacterial category 
in the microbiota, and the within-group difference and 
between-group difference at each time point were 
analyzed using the Wilcoxon signed-rank test and Mann-
Whitney U-test, respectively. Statistical significance was 
determined at p<0.05.

RESULTS

Demographics of patients and clinical observation
A total of 60 patients, 31 in the probiotic group and 

29 in the control group, were enrolled. The baseline 
characteristics of the probiotic and control groups are 
shown in Table 1. No significant differences in sex, age, 
BMI, types of surgery, and length of operation were 
found between the two groups (Table 1). In addition, 
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no significant differences were found in the numbers 
of subjects with preoperative diabetes and preoperative 
complications. The probiotic group included 11 colon 
and 19 rectal cancer patients, whereas the control group 
included 12 patients with colon cancer, 13 patients with 
rectal cancer, 1 patients with anal canal cancer, 1 patients 
with local postoperative recurrence of rectal cancer, 
1 patients with rectovaginal fistula, and 1 colostomy 
patient. The study groups did not differ significantly in 
preoperative values of blood parameters.

Among the patients with rectal and anal canal cancer, 8 
in the probiotic group and 7 in the control group received 
preoperative chemoradiotherapy (CRT). The CRT was 
performed by oral administration of 5-FU/l-LV for 7 to 
9 weeks accompanied by irradiation treatment (3 Gy per 
day, up to a total of 45 Gy). Surgery was performed 6 to 
8 weeks after the CRT. The study groups did not differ 
significantly in preoperative values of blood parameters 
with the exception of lymphocytes and albumin. 
Among the CRT patients, a significantly higher level 
of lymphocytes (p<0.01) and lower level of albumin 
(p<0.05) were observed in the probiotic group compared 
with the control group (Table 1).

The rates of postoperative infections did not differ 
significantly between the probiotic and control groups 
(p>0.1); 16.1% and 24.1% for superficial surgical site 
infections (SSI), 6.5% and 10.3% for deep SSI, and 9.7% 
and 17.2% for anastomotic leakage, respectively, for the 
probiotic and control groups. Insignificant differences 
(p>0.1) were also observed in the frequency of additional 
postoperative antibiotic treatment and duration of 
hospital stay between the two groups (Table 2).

The occurrences of postoperative infections in patients 
who received preoperative CRT treatment were higher 
than those without CRT treatment (Table 2). Four patients 
in the control group but none in the probiotic group 
experienced postoperative anastomotic leakage (p=0.10, 
probiotic vs control). In addition, the duration of hospital 
stay was significantly shortened in the probiotic group 
(39.6 ± 15.6 days, p=0.03) compared with the control 
group (21.6 ± 11.7 days).

Changes in blood parameters
The blood parameters changed significantly after 

surgery in both the control and the probiotic groups 
(Fig. 2). There were significant increases in white blood 

Table 1. Background characteristics for all patients and those patients who received preoperative chemoradiotherapy (CRT)

All patients† CRT patients†

Control (n=29) Probiotic (n=31) Control (n=7) Probiotic (n=8)
Gender (Male/Female)  15/14  20/11  6/1  7/1
Age (years) 71.2 ± 9.5 68.9 ± 10.4 71.3 ± 8.8 65.9 ± 8.2
Body mass index (BMI) 24.1 ± 3.4 22.4 ± 3.7 24.0 ± 2.6 21.3 ± 3
Preoperative chemoradiotherapy (CRT) 7 (24.1%) 8 (25.8%) - -
Preoperative diabetes 6 (20.7%) 6 (19.4%) 0 0
Preoperative complication 5 (17.2%) 7 (22.6%) 2 (28.6%) 2 (25.0%)
Operation time (min) 230.0 ± 84.4 218.9 ± 88.7 305.9 ± 110.4 281.0 ± 121.3
Types of surgery 
   Colon 13 11 0 0

  Rectum 12 19 6 8
  Others 4‡ 0 1§ 0

Blood parameters before surgery (D–14)
White blood cells (/µl) 5,603 ± 1,910 5,446 ± 1,559 4,570 ± 968 4,950 ± 1,331
Erythrocytes (104 /µl) 433 ± 46 417 ± 42 438.4 ± 51.8 413.9 ± 32.2
Hemoglobin (g/dl) 12.3 ± 1.8 12.4 ± 2.1 13.2 ± 1.8 1 ± 1.4
Lymphocytes (%) 27.8 ± 8.5 24.4 ± 10.3 18.3 ± 4.2 27.3 ± 9.2**
Platelet (104 /µl) 22.8 ± 9.5 26.6 ± 10.2 20.0 ± 6.6 19.6 ± 9.1
Total protein (g/dl) 7.0 ± 0.6 6.8 ± 0.7 6.8 ± 0.7 6.4 ± 0.9
Albumin (g/dl) 4.0 ± 0.4 3.8 ± 0.6 4.0 ± 0.4 3.5 ± 0.7*
hCRP (mg/dl) 0.5 ± 1.5 0.5 ± 0.6 0.2 ± 0.1 0.4 ± 0.3
IL-6 (pg/ml) 6.0 ± 9.1 6.6 ± 10.2 3.5 ± 1.7 11.1 ± 18.8
NK cell activity (%) 40.3 ± 18.1 43.8 ± 13.6 40.0 ± 14.4 42.6 ± 15.4

†Groups were compared using Student’s t-test for continuous variables and Fisher’s exact test for categorical variables. *p<0.05, 
**p<0.01. ‡Anal canal cancer (n=1), postoperative local recurrence of rectum cancer (n=1), rectovaginal fistula (n=1), colostomy (n=1). 
§Anal canal cancer.
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cells and high-sensitive C-reactive protein (hCRP) 
and significant decreases in erythrocytes, hemoglobin, 
lymphocytes, total protein, albumin, and NK cell activity 
after surgery (D1) in the control and probiotic groups 
(Fig. 2). Significant between-group differences were 
found in the changes from preoperative levels (D–14) 
of erythrocytes (D14), total protein (D1), and albumin 
(D1 and D7). Tendencies for differences (p<0.1) were 
also found in the changes from baseline values (D–14) of 
hemoglobin (D14), lymphocytes (D1), and hCRP (D14) 
between the two groups (Fig. 2).

Among those patients who received CRT treatment, 
similar within-group changes and between-group 
differences as found in the whole groups were observed 
(Fig. 3). In particular, the levels of hCRP remained 
high at two weeks after surgery in the control group, 
but declined to near preoperative levels in the probiotic 
group (Fig. 3). In addition, 7 days after surgery, NK 
cell activity recovered to near preoperative levels in the 
probiotic group, but remained low in the control group 
(Fig. 3). Significant between-group differences were 
found in the changes from preoperative levels (D–14) of 
white blood cells (D14), erythrocytes (D14), and hCRP 
(D7 and D14). Tendencies of differences (p<0.1) were 
also found in the changes from baseline values (D–14) 
of white blood cells (D1), hemoglobin (D14), and total 
protein (D14) between the two groups (Fig. 3).

Changes in fecal microbiota
High-throughput sequencing analysis of the fecal 

microbiota at the phylum level indicated significant 
postoperative increases in the proportion of Bacteroidetes 
and Proteobacteria, but significant decreases in those 
of Firmicutes and unclassified bacterial groups in 
the control group (Table 3). On the other hand, the 
proportion of Actinobacteria increased and proportion of 
Firmicutes decreased significantly in the probiotic group. 
The proportions of these bacterial groups did not differ 
significantly between the two groups at before or after 
surgery (Table 3).

Correlation between compositions of fecal microbiota 
with blood parameters

Taking into consideration the whole samples collected 
preoperatively and postoperatively, analysis revealed 
the following correlations between the proportions of 
bacterial groups with blood parameters: 1) Actinobacteria 
significantly correlated positively with erythrocytes, 
hemoglobin, albumin, and NK cell activity; 2) Firmicutes 
significantly correlated positively with lymphocytes, total 
protein, and albumin, but negatively with white blood 
cells, hCRP, and IL-6; 3) the proportions of Bacteroidetes 
significantly correlated negatively with total protein and 
albumin but positively with hCRP and IL-6; and 4) the 
proportions of Proteobacteria significantly correlated 
negatively with erythrocytes, hemoglobin, lymphocytes, 
total protein, and albumin but positively with white 
blood cells, hCRP and IL-6 (Table 4). The correlations 
associated with Actinobacteria were observed in samples 
collected both preoperatively or postoperatively; 
however, the correlations associated with Proteobacteria 
were not observed in samples collected preoperatively 
(Table 4).

DISCUSSION

Postoperative infections remain significant risk 
factors for patients undergoing surgery for cancers, 
such as colorectal cancer and biliary cancer, and are 
often indicators of postoperative health and recovery. 
Zhang, Liu and colleagues [22–24] evaluated the effects 
of administering perioperative probiotic supplements 
containing L. plantarum, L. acidophilus, and B. longum 
to patients undergoing colorectal resection. The probiotic 
group recovered postoperative peristalsis more rapidly, 
accompanied by lower incidences of diarrhea and 
infectious-related complications [22].

In the present study, although the incidence of SSI was 
higher in the control group than in the probiotic group, 
the difference was not significant. However, among the 
patients who received preoperative CRT, the duration 

Table 2. Clinical observations for all patients and those patients who received preoperative chemoradiotherapy (CRT)

All patients† CRT patients†

Control (n=29) Probiotic (n=31) Control (n=7) Probiotic (n=8)
Hospital stay (day) 23.0 ± 13.8 21.4 ± 10.1 39.6 ± 15.6 21.6 ± 11.7 *
Surficial infection 7 (24.1%) 5 (16.1%) 4 (57.1%) 3 (37.5%)
Deep infection 3 (10.3%) 2 (6.5%) 3 (42.9%) 2 (25.0%)
Anastomotic leak 5 (17.2%) 3 (9.7%) 4 (57.1%) 0
Additional antibiotic treatment 7 (24.1%) 8 (25.8%) 5 (71.4%) 3 (37.5%)
†Groups were compared using Student’s t-test for continuous variables and Fisher’s exact test for categorical variables. *p<0.05.
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of postoperative hospital stay differed significantly 
between the two groups. CRT, which is usually applied to 
patients with severe case, often disrupts the colonization 
of indigenous microbiota and subsequently affects gut 
immunity [25, 26]. We observed a higher incidence of 

SSI in the CRT patients compared with those without 
CRT treatment (Table 1). The patients in the control 
group also had increased levels of hCRP and IL-6, 
accompanied by decreased levels of NK cell activity two 
weeks after surgery (Fig. 3). High postoperative levels 

Fig. 3. Changes in blood parameters during the trial period among patients who received preoperative chemoradiotherapy.
Changes in values, compared with D–14, are shown as means ± SE. ○, control group; ●, probiotic group. *p<0.05, **p<0.01, paired t-test 
with Bonferroni correction for within-group differences from baseline (D–14). †p<0.1, ‡p<0.05, #p<0.01, Student’s t-test for between-group 
differences at each time point. (A) white blood cell; (B) erythrocytes; (C) hemoglobin; (D) lymphocytes; (E) platelets; (F) total protein; (G) 
albumin; (H) high-sensitive C-reactive protein; (I) interleukin-6; (J) natural killer cell activity.

Fig. 2. Changes in blood parameters during the trial period for patients who underwent colorectal surgery.
Changes in values, compared with D–14, are shown as means ± SE. ○, control group; ●, probiotic group. *p<0.05, **p<0.01, paired 
t-test with Bonferroni correction for within-group differences from baseline (D–14). †p<0.1, ‡p<0.05; Student’s t-test for between-group 
differences at each time point. (A) white blood cell; (B) erythrocytes; (C) hemoglobin; (D) lymphocytes; (E) platelets; (F) total protein; 
(G)albumin; (H) high sensitive C-reactive protein; (I) interleukin-6; (J) natural killer cell activity.
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of CRP are associated with bacterial translocation and 
prolonged hospitalization and are often critical indicators 
of post-operative infections [22]. Our results showed 
significantly earlier postoperative recovery of serum 
levels of hCRP and NK cell activity in the probiotic 

group compared with the control group among CRT 
patients. This is in agreement with previous reports 
that demonstrated the potential of B. longum BB536 in 
suppressing inflammatory reactions and maintaining 
innate immune responses [13, 27].

Table 3. The proportions of bacterial phyla in the fecal microbiota

Category at 
phylum level

Control group BB536 group
Before surgery After surgery Before surgery After surgery

median (%) IQR (%) median (%) IQR (%) median (%) IQR (%) median (%) IQR (%)
Actinobacteria 1.95 0.32–4.89 0.63 0.21–2.60 0.70 0.24–1.90 1.71 0.36–3.09*
Bacteroidetes 24.52 18.32–32.01 32.80 27.17–40.60* 24.72 18.88–32.89 29.56 24.76–32.87
Firmicutes 66.57 57.18–75.96 56.82 46.77–64.24* 62.31 52.34–72.98 56.51 48.46–64.15*
Fusobacteria 0.23 0.08–1.37 0.25 0.07–3.76 0.18 0.10–2.09 0.69 0.09–2.75
Proteobacteria 1.74 1.50–2.16 3.54 2.90–5.84* 2.05 1.54–5.06 3.43 2.27–9.75
Unclassified 0.50 0.37–0.55 0.37 0.26–0.51* 0.33 0.25–0.51 0.32 0.21–0.46

The data for the microbiota were expressed as the median and interquartile range (IQR) of the proportion of each bacterial category. *p<0.05, 
intra-group difference.

Table 4. Correlations between blood biochemical parameters and the composition of fecal microbiota of all patients

Blood parameters Data  analysis
Spearman’s correlation

Actinobacteria Bacteroidetes Firmicutes Proteobacteria Unclassified
White blood cells Before+after –0.062 0.127 –0.246* 0.205* –0.114

Before –0.183 –0.013 –0.016 0.037 –0.078
After 0.017 0.048 –0.287* 0.099 0.02

Erythrocytes Before+after 0.211* –0.095 0.046 –0.308** 0.06
Before 0.204 0.061 –0.206 –0.132 0.105
After 0.312* 0.082 –0.102 –0.165 –0.158

Hemoglobin Before+after 0.361** –0.052 0.032 –0.241* 0.138
Before 0.301* 0.054 –0.11 –0.045 0.153
After 0.472** 0.074 –0.141 –0.196 –0.013

Lymphocytes Before+after 0.131 –0.152 0.317** –0.322** 0.189†

Before 0.234† –0.054 0.037 0.025 0.186
After 0.035 –0.016 0.366** –0.282* 0.034

Total protein Before+after 0.099 –0.267** 0.311** –0.373** 0.039
Before 0.031 –0.131 0.134 –0.094 –0.13
After 0.228 –0.144 0.122 –0.252† –0.074

Albumin Before+after 0.242* –0.240* 0.311** –0.391** 0.171†

Before 0.383* 0.083 –0.056 –0.158 0.034
After 0.294* –0.194 0.300* –0.297* –0.022

hCRP Before+after –0.163† 0.222* –0.263** 0.398** –0.277**
Before –0.179 –0.02 0.112 0.159 –0.227†

After –0.247† 0.043 –0.203 0.154 –0.173
IL-6 Before+after –0.231* 0.199** –0.204** 0.327*** –0.236*

Before –0.321* 0.005 –0.136 0.185 –0.13
After –0.348* 0.004 –0.184 0.155 –0.074

NK cell activity Before+after 0.231* 0.026 0.02 0.049 0.034
Before 0.249† 0.052 0.012 0.139 0.122
After 0.271† 0.002 0.047 0.047 0.157

Analysis was based on data of blood parameters and the composition of fecal microbiota obtained at before and/or after surgery of all patients. 
Blood parameters employed for before and after operation were those obtained at D–14 and D7, respectively. †p<0.1,*p<0.05, **p<0.01, 
***p<0.001, Spearman’s correlation analysis.
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Surgery led to significant declines in the levels of 
erythrocytes, hemoglobin, total protein and albumin, 
however, an improvement in postoperative recovery of 
hematological and nutritional parameters was observed 
in the probiotic group. To our knowledge, this is the 
first report on the possible effects of perioperative 
probiotic intervention on postoperative hematological 
and nutritional and parameters of patients undergoing 
colectomy for cancer. The exact mechanisms of 
bifidobacteria in improving hematological and 
nutritional parameters remain unclear. However, several 
possibilities have been suggested: (1) increased mineral 
solubility through the production of short-chain fatty 
acids; (2) production of a phytase that reduces phytate 
as an antinutrient that leads to mineral unavailability; 
(3) reducing inflammation, which negatively impacts 
mineral uptake and nutritional status; and (4) hydrolysis 
of glycoside bonds of food in the intestines [28]. In 
addition, some bifidobacteria, including B. longum 
BB536, have been reported to have a high potential for 
producing folate [29, 30]. Folate is crucial for its roles 
in essential functions of cell metabolism, such as DNA 
replication, repair, and methylation and synthesis of 
nucleotides, vitamins, and some amino acids, and has 
been known to promote the generation of erythrocytes 
[31, 32]. In addition, B. longum BB536 has also been 
demonstrated to possess anti-inflammatory effects [27]. 
We postulate that the improved postoperative nutritional 
status observed in the present study was attributed to the 
anti-inflammatory effects and the production of folate and 
phytase in the intestine by B. longum BB536. However, 
further study is needed to elucidate the details of these 
mechanisms.

Several studies have demonstrated the effects 
of perioperative probiotic supplementation on the 
gastrointestinal microbiota [5, 6, 8, 22]. We observed 
significant changes at the phylum level in the fecal 
microbiota 1 to 2 weeks after surgery (Table 3); 
Firmicutes increased in both groups, Proteobacteria and 
Bacteroidetes increased in the control group but not in 
the probiotic group, and Actinobacteria increased in the 
probiotic group but not in the control group. In addition, 
we found some feeble but significant correlations between 
the proportions of the microbiota and blood parameters. 
The proportions of Proteobacteria and Bacteroidetes 
positively correlated with the levels of inflammatory 
parameters (CRP, IL-6, and white blood cells), while 
the proportions of Actinobacteria and Firmicutes tended 
to be negatively correlated with these parameters. All 
patients received antibiotic prophylaxis (cefmetazole) as 
a single intravenous drip infusion on the days of surgery 

and one day after surgery, which may be one of the causes 
of the microbiota changes. Considering the physiological 
functions of each bacterial group, Proteobacteria 
are normally present at low levels in a healthy gut 
environment but often overgrow in inflammatory states 
[33, 34], leading to opportunistic infections. Biagi et al. 
[35] showed positive correlations between opportunistic 
enterobacteria and some pro-inflammatory markers 
(IL-6 and IL-8). Contrarily, the genus Bifidobacterium 
is a bacterial group known to downregulate the pro-
inflammatory response of the gut epithelium [36, 37]. 
These observations suggest a possible association 
between the balance of the microbiota and systemic 
inflammatory response of the patients.

On the other hand, the current study showed that the 
proportion of Actinobacteria positively correlated with 
the levels of erythrocytes, hemoglobin, albumin, and 
NK cell activity and that the proportion of Firmicutes 
positively correlated with the levels of lymphocytes, 
total protein, and albumin; all these parameter tended 
to be negatively correlated with the proportions of 
Proteobacteria and Bacteroidetes. As described above, 
the anti-inflammatory effects and the metabolites 
generated in the intestine by bifidobacteria, the main 
components of Actinobacteria, might have contributed to 
the improvement of the immune function, hematological, 
and nutritional parameters of these patients. Several 
studies have demonstrated the effects of administration 
of B. longum BB536 in maintaining balance and 
eliminating harmful bacteria [38–40]. Therefore, we 
think that probiotic ingestion contributed to the increased 
proportion of Actinobacteria in the microbiota, which 
might have also influenced the proportions of other 
components of the microbiota. Based on these findings, 
we conclude that maintaining the balance of the gut 
microbiota is important for maintaining host defenses 
and nutritional status, especially during recovery from 
major surgery.

This study has several limitations. We were unable 
to perform a placebo-controlled trial due to ethical 
issues in this hospital. Although the physicians who 
diagnosed infections were not directly involved in the 
randomization, we could not exclude the possibility 
of bias in the clinical observation of the infectious 
symptoms. However, administration of probiotics had 
objective effects on blood parameters and the composition 
of the microbiota. Another limitation is that the number 
of subject might have been insufficient to detect possible 
clinical significance, because of the low incidence of 
postoperative infection. We expected an incidence of 40% 
of postoperative infectious complications in the control 
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group, but it was much lower (approximately 31%). 
Therefore, future large-scale randomized controlled trial 
(RCT) studies are needed to confirm the health benefits 
of the ingestion of B. longum BB536 for patients with 
unbalanced health conditions.

In conclusion, this study shows the potential of 
the B. longum BB536 intervention in balancing the 
postoperative intestinal microbiota, attenuating systemic 
postoperative inflammatory responses, and improving 
recovery of hematological and nutritional conditions in 
patients undergoing colorectal surgery. These beneficial 
effects are likely to reduce the risk of postoperative 
infectious complications and to promote healthy recovery 
after colorectal resection. Our findings suggest that the 
administration of B. longum BB536 may represent an 
effective strategy to maintain a balance in the microbiota 
and promote healthy recovery in patients undergoing 
surgery.
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