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Abstract

Background: Different types of Streptococcus gallolyticus are associated with malignant bowel cancer.
Objectives: The aim of this study was to compare two culture and molecular methods in identifying Streptococcus gallolyticus in
patients with colon diseases.
Methods: A descriptive study was conducted to detect Streptococcus gallolyticus in 55 patients with colon diseases referring to hos-
pitals in Babol and Chalus, Iran. A polymerase chain reaction and culture technique were performed. Detection of Streptococcus
gallolyticus after deoxyribonucleic acid (DNA) extraction from designed primers (PCO3, PCO4) was used for SODA gene. From the
general culture medium, brain heart infusion (BHI) broth and specific medium for bacterial growth and detection were used. Then,
the characteristics of the two methods were evaluated.
Results: Of 55 biopsy samples of patients with colon diseases, 3 samples (5.5%) with 95% confidence interval were positive and 52
(94.5%) were reported negative in terms of DNA of Streptococcus gallolyticus. According to the culture test, 9 (16.4%) were positive
and 46 (83.6%) were negative for diagnosis of Streptococcus gallolyticus bacteria. Based on the diagnostic agreement between the
two methods, the ratio of 9 positive cases of culture method to 3 positive cases by polymerase chain reaction (PCR) method (3.6%)
were reported positive both in terms of molecular and positive culture, and 7 (12.7%) out of 9 (16.4%) were negative. To investigate
the agreement between the culture and PCR methods, the Kappa test was used, which was statistically significant (P < 0.015). Other
studies which have been conducted using the culture method, reported a significant relationship between the family history of
colorectal cancer, diabetes, and the presence of Streptococcus gallolyticus bacteria.
Conclusions: Considering the advantages, disadvantages, and the characteristics of both methods, none of them can be considered
as a comprehensive, standard test at present. The simultaneous use of the two methods is recommended in cases where achieving
fast results prevails, or when there is a likelihood of sample infection or late-growing microorganisms.
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1. Background

The human intestine, as a vital anatomical location,
has the largest number of microbes so it is not hard to pre-
dict the leading role of the microbes as well as the bacteria
on health status and different colon diseases (such as polip,
colitis, crohn’s diseases) in this organ, especially in the de-
velopment of colorectal cancers (1). Several clinical studies
have demonstrated a strong association between invasive
infections with Streptococcus gallolyticus and colon neopla-
sia in humans (2). Colorectal cancer is the fourth most
common cancer worldwide (3). The incidence of this can-

cer varies in different areas. In the United States and Eng-
land, colorectal cancer is the second most common cancer
after breast cancer in women and prostate cancer in men
(4, 5). In Iran, the number of patients developing colorec-
tal cancer is increasing and is prevalent in both genders (6).
Colon is a hollow muscular tube that starts from the end of
the small intestine or ileum and ends in anus. The length
of the intestine is 1.5 m and its largest diameter is reported
to be at the beginning of the large intestine. Its diameter
decreases to the rectum (7). The human’s intestine is nat-
urally exposed to 1014 microorganisms, which can be haz-
ardous to people’s health and cause intestinal diseases (8).

Copyright © 2020, Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License
(http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly
cited.

http://dx.doi.org/10.5812/ijcm.101903
https://crossmark.crossref.org/dialog/?doi=10.5812/ijcm.101903&domain=pdf
https://orcid.org/0000-0002-0396-461X


Eshaghi F et al.

Therefore, identifying certain microorganisms can en-
able us to improve our knowledge for the diagnosis, pre-
vention, and treatment of these cancers (9-12). The bacteria
which may cause colorectal cancer include Streptococcus
gallolyticus (S. bovis biotype I) and helicobacter pylori (13).
Streptococcus gallolyticus subsp. gallolyticus (Sg), formerly
known as the Streptococcus gallolyticus (S. bovisbiotype I), is
an opportunistic human pathogen that causes bacteremia
and endocarditis. This pathogen stimulates cancer cells
through the β-catenin signaling pathway (14, 15), and nat-
urally lives in the human gastrointestinal tract. About 2.5%
to 15% of healthy people bear this pathogen (16, 17). Dur-
ing the last four decades, the relationship between bac-
teria and colorectal cancer has been studied using serol-
ogy. Though the molecular findings have raised contro-
versies. All of these studies have demonstrated that in-
testinal bacterial infection is associated with an increased
risk of colorectal cancer and is mainly related to a bacte-
rial agent of various organisms including viruses, bacteria,
and parasitic agents that may contribute to colorectal can-
cer (12). Polymerase chain reaction (PCR) is the basis for
detecting Streptococcus gallolyticus deoxyribonucleic acid
(DNA) in colorectal cancer in which the tissue is detached
by colonoscopy. A part of the bacterial gene is identified
and the relevant primers are produced which confirm the
final diagnosis for existing bacteria inside the colon. More-
over, culturing this gram-positive bacterium and its com-
parison with the molecular method provide us with a bet-
ter diagnosis (18, 19). So far, no studies have been per-
formed to detect the colonization of Streptococcus gallolyti-
cus of the large intestine directly in colorectal cancer tu-
mors using advanced PCR molecular testing in northern
Iran.

2. Objectives

Therefore, the current study aimed at identifying the
molecular structure of Streptococcus gallolyticus bacteria
and its comparison with the microbial culture method in
patients with colon diseases.

3. Methods

This descriptive research was conducted on 55 tis-
sue samples of patients with colon diseases undergoing
colonoscopy in two hospitals of Babol and Chalous Hos-
pital, Iran during the 8 months from February 2017 to
September 2018. Written informed consent was obtained
from patients before sampling. A checklist including de-
mographic information such as age, sex, duration of ill-
ness, place of residence, family history of disease, and

having clinical symptoms such as abdominal pain, rectal
bleeding, fatigue, history of rectal hemorrhage, history
of hemorrhoids, constipation, diabetes, and colonoscopy
findings (polyp size, site, histopathology) were prepared
and then the data were collected. The inclusion criteria
were: patients who underwent colonoscopy due to colon
diseases such as polyp, colitis, crohn’s diseases colorectal
cancer, patients with histology or cytology conformation.
Patients with missing clinical information and incomplete
colonoscopy examination were excluded. The tissue sam-
ples were collected by colonoscopy by a specialist physi-
cian, partly for DNA extraction and performing PCR in mi-
crotube 2 cc containing sterile physiology serum to the
molecular laboratory at -20°C, and the other part was trans-
ferred to the microbiology lab for microbial culture in the
culture medium brain heart infusion (BHI) broth.

3.1. Microbial Culture

At first, the BHI medium containing large amounts of
intestinal microbes was maintained for 24 hours at 37°C
inside the incubator. The next day, the color of the BHI
medium was changed from bright yellow to opaque and
a high number of bacteria were observed in the medium.
The passage was then cultured on a new and specific Ken-
ner Fecal (KF) Streptococcus Agar culture medium using
streaking technique. After incubation for 24 hours at 37°C,
micro-streptococcus bacteria grew. In the third stage, a
part of the colony was removed and placed on blood agar.
Furthermore, a 4-stage culture was performed for hemol-
ysis. Subsequently, a part of the colony was transferred to
the Bile Esculin Agar medium and any change in its color
was recorded at 37°C for 24 hours. Again, a part of the
colony was transferred to a nutrient broth medium con-
taining 6.5% salt. The three media were examined after in-
cubation for 24 hours at 37°C. Catalase test was performed
on a number of developed colonies. A portion of the colony
was placed at a temperature of 35°C after transferring to a
tube containing Sodium hypochlorite (NaOCl) for 2 hours.
To test the color, a few drops of ninhydrin reagent were
added to the contents of the tube. In the end, after prepar-
ing microbial smear from grown colonies, gram staining
and observation by lens 100 were performed.

3.2. PCR

For DNA extraction, 25 mg of tissue from each sample
was dried with a few drops of liquid nitrogen. DNA ex-
traction from the chopped tissue was performed accord-
ing to the instruction of the FAVORGEN kit (made in Tai-
wan), column method by FATG2 buffers, K proteinase, and
ethanol. Ultimately to dissolve the extracted DNA, Elution
Buffer contained in the kit was used. The DNA extraction
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was performed quantitatively (1.6 < OD < 1.9) and qualita-
tively using PCO3: 5’- ACACAACTGTGTTCACTAGC -3 ’and (5’-
CAACTTCATCCACGTTCACC-3’) PCO4 primers, which dupli-
cate a part of the human gene β-globulin.

The primers were developed by NCBI and Primer3 soft-
ware and synthesized by the Sinoclon Company and re-
ceived as lyophilized.

Using 5’-CAATGACAATTCACCATGA-3 ’and 5’-
TTGGTGCTTTTCTCTTGTG-3 primers, the amplification and
identification of the considered genes were performed.
After preparing the final volume of each PCR reaction (20
µL), the vials were placed in the thermocycler machine.
The temperature and time condition for a PCR reaction
for the genes were performed. Finally, the detection and
photographing of PCR products under Ultraviolet (UV)
light after electrophoresis of the products for 2 to 4 min-
utes with agarose gel containing 1 - 0.5 µg/mL of Ethidium
bromide were performed (The The results were entered
into SPSS V. 16 software. The results of PCR and culture in
two steps were considered as a golden standard and sep-
arately compared with microbial and PCR findings. Also,
Kappa statistical test was used to compare the agreement
between the microbial cultures with PCR. The significance
level was considered as P < 0.05.

4. Results

This descriptive study included 55 patients with a
mean age of 13.90 ± 52.7 years old. The demographic char-
acteristics and distribution of Streptococcus gallolyticus in
culture samples according to the clinical symptoms and
characteristics of the patients are presented in Table 1. Ta-
ble 1 signifies a significant relationship between family
history of colorectal cancer (P < 0.011), and diabetes (P <
0.008) with Streptococcus bovis.

Of the 55 biopsy samples of patients with colon dis-
eases, 3 samples (5.5%) were reported positive with 95% CI
and 52 cases (94.5%) negative for the presence of Strepto-
coccus gallolyticus DNA. The Kappa test showed a signifi-
cant correlation between the prevalence of Streptococcus
gallolyticus and colon diseases (P < 0.015). Eleven cases
(20%) had a history of familial colorectal cancer, of whom
5 (45.5%) were observed with the bacteria (P < 011). In the
analysis of PCR gels, a band of 406 bp after the PCR pro-
cess showed that all of the samples were in a favorable
condition considering the quality of the extracted DNA.
The presence of different bands in the sample indicates
the presence of Streptococcus gallolyticus bacteria. The elec-
trophoresis of PCR products was Agarose gel 1.5%, with M
representing 100 bp and numbers 1, 2, and 3 indicating the
presence of Streptococcus gallolyiticus infection (Figure 1).

Figure 1. Electrophoresis of PCR products on agarose gel

Based on the PCR test, 3 patients (5.5%) were positive
and 52 (94.5%) were negative in terms of having Strepto-
coccus gallolyticus bacteria. According to the culture test,
9 (16.4%) were positive and 46 (83.6%) were negative for di-
agnosis of Streptococcus gallolyticus bacteria. Based on the
diagnostic agreement between the two methods, the ratio
of 9 positive cases of culture method to 3 positive cases by
PCR method (3.6%) was reported positive both in terms of
molecular and positive culture, and 7 (12.7%) out of 9 (16.4%)
were negative. To investigate the agreement between the
culture and PCR methods Kappa test was used, which was
statistically significant (P < 0.015). Table 2 depicts the diag-
nostic indices of culture compared to PCR (gold standard
PCR) in detecting Streptococcus gallolyticus bacteria in pa-
tients with colon disease. In order to evaluate the PCR diag-
nostic indices, it was considered as the standard method.
The sensitivity of the culture method in diagnosing Strep-
tococcus gallolyticus was 66.67%, compared to PCR. For the
whole sample, 95% CI was 9.43 with a confidence level of
99.16%. The specificity of the culture method was 86.79%
and 95% CI equaled 74.66 compared to PCR. The confidence
level was 94.52%. The ratio of positive probabilities in the
culture method was 5.05, with a confidence coefficient of
1.75 and a confidence level of 14.52%. The negative probabil-
ity of the culture method was 0.38, with a 95% confidence
level of 0.08 and a confidence level of 1.91%. The analysis
of positive predictions of the culture method was 22.22%,
with a confidence coefficient of 9.03 and a confidence level
of 45.11%.

PCR diagnostic indices compared with the culture
method in the detection of Streptococcus gallolyticus in pa-
tients with colon diseases suggested that sensitivity of the
PCR method in the detection of Streptococcus gallolyticus
was 22.22% with a confidence coefficient of 2.81% and 95%
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Table 1. Demographic Characteristics and Frequency Distribution of Streptococcus gallolithic Bacteria in Culture Samplesa

Specificity Subjects Positive Cases Negative Cases P Value

Age, y 0.999

< 50 21 (38.2) 3 (14.3) 18 (85.7)

51 - 60 17 (30.9) 3 (17.6) 14 (82.4)

> 60 17 (30.9) 3 (17.6) 14 (82.4)

Place of residence 0.705

City 46 (86.6) 9 (16.4) 40 (72.7)

County 9 (16.4) 0 (0.0) 6 (100.0)

Sex 0.572

Female 26 (47.3) 4 (15.4) 22 (84.6)

Male 29 (52.7) 5 (17.2) 24 (82.8)

Abdominal pain 0.330

Yes 36 (65.5) 7 (19.4) 29 (80.6)

No 19 (34.5) 2 (10.5) 17 (89.5)

Rectal bleeding 0.577

Yes 20 (36.4) 3 (15.0) 17 (85.0)

No 35 (63.6) 6 (17.1) 29 (82.9)

Fatigue 0.373

Yes 19 (34.5) 4 (21.1) 15 (78.9)

No 36 (65.5) 5 (13.9) 31 (86.1)

History of rectal hemorrhage 0.390

Yes 8 (14.5) 2 (25.0) 6 (75.0)

No 47 (85.5) 7 (14.9) 40 (85.1)

History of familial colorectal cancer 0.011

Yes 11 (20.0) 5 (45.5) 6 (54.5)

No 44 (80.0) 4 (9.1) 40 (90.9)

History of hemorrhoids 0.214

Yes 8 (14.5) 0 (0.0) 8 (100.0)

No 47 (80.5) 9 (19.1) 38 (80.9)

Constipation 0.572

Yes 26 (47.3) 4 (15.4) 22 (84.6)

No 29 (52.7) 5 (17.2) 24 (82.8)

Diabetes 0.008

Yes 20 (36.4) 7 (35.0) 13 (65.0)

No 35 (63.6) 2 (5.7) 33 (94.3)

Duration of disease 0.186

≤ 1 month 10 (18.2) 0 (0.0) 10 (100.0)

≥ 1 month, ≤ 1 year 22 (40.0) 3 (13.6) 19 (86.4)

≥ 1 year 23 (41.8) 6 (26.1) 17 (73.9)

aValues are expressed as No. (%).

confidence level of 60.01%, compared with the other meth-
ods. Moreover, the specificity of the PCR method was 97.83%
with a confidence coefficient of 88. 47% and 95% confi-
dence level of 99.94%. The likelihood of being positive in
cases of the PCR method was 10.12% with 1.03 confidence
coefficient and 95% confidence level of 101.12%. This rate for
being negative in PCR compared with the culture method
was 0.80 with confidence coefficient of 0.56 and 95% con-
fidence interval of 1.13% (Table 3).

5. Discussion

Laboratory findings of this study on the culture and
PCR methods revealed that of 55 samples of biopsy tis-
sues (polyps, colitis, cancer, and inflammation of the in-
testines), 5.5% were positive in PCR gallolyticus and 16.4%
were positive in the culture technique in terms of the pres-
ence of Streptococcus. In a study conducted by Sarokhani
et al., PCR showed the presence of bacterial genomes in 36
positive cultures out of 100 samples (20). Zurita and Alejan-
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Table 2. Diagnostic Indices of Culture in the Diagnosis of Streptococcus gallolyticus
in Patients with Colon Diseases Compared to PCR (PCR Gold Standard)

Statistic Value, % 95% Confidence Interval

Sensitivity 66.67 9.43 - 99.16

Specificity 86.79 74.66 - 94.52

Likelihood of positive ratio 5.05 1.75- 14.52

Likelihood of negative ratio 0.38 1.12- 14.87

Prevalence 5.36* 74.66- 94.52

Positive prediction 22.22* 9.03- 45.11

Negative prediction 97.87* 90.25- 94.56

Accuracy 85.71 73.78- 93.62

Abbreviation: PCR, polymerase chain reaction.

Table 3. PCR Diagnostic Indices in the Detection of Streptococcus gallolyticusBacteria
in Patients with Colon Diseases Compared to Culture (Culture Gold Standard)

Statistic Value, % 95% Confidence Interval

Sensitivity 22.22 2.81 - 60.01

Specificity 97.83 88.47 - 99.94

Likelihood of positive ratio 10.22 1.03 - 101.12

Likelihood of negative ratio 0.80 0.56 - 1.13

Prevalence 16.36* 7.77 - 28.80

Positive prediction 66.67* 16.82 - 95.19

Negative prediction 86.54* 81.89 - 90.14

Accuracy 85.45* 73.34 - 93.50

dra’s study on 568 patients over the age of 65 years iden-
tified 15 cases of Streptococcus gallolyticus bacteria (21). In
another study, Iroh Tam et al. discovered that out of 537
patients, 12 positive samples (2.3%) with polymerase chain
reaction and 15 cases of the culture samples were positive
(22). Comparison of the culture and PCR method indicated
that the sensitivity of the culture method was higher in
the diagnosis of bacteria. However, the specificity of the
molecular method was more in detecting Streptococcus gal-
lolyticus. Also, the positive and negative likelihood of pres-
ence of bacteria in the PCR method was 10.22% and 0.80%,
respectively. These rates were calculated at 5.5% and 0.38%
for positive and negative likelihood in the culture method.
As a result, the molecular technique is more accurate for
assessing the presence of the bacterium. The next indica-
tor in the diagnosis of bacteria is the positive and negative
predictive value, which were 22.22% and 97.87% in the cul-
ture method, respectively, and 66.67% and 86.54% in the
PCR method, respectively. Therefore, the positive predic-
tive value in the diagnosis of Streptococcus gallolyticus bac-
teria is higher in the molecular method. In the culture
method, the negative predictive value for the diagnosis of

bacteria is more than the molecular method. The accuracy
of the detection of Streptococcus gallolyticus was 85.71% and
85.45% for culture and PCR methods, respectively. As a re-
sult, the culture method has higher accuracy. The agree-
ment between the two methods was obtained using the
software calculation of the Kappa coefficient of 0.015, in-
dicating the high agreement of the two methods together
(one confirms the other).

Sarokhani et al. also showed that the samples had a
100% sensitivity, 40.6% specificity, 48.6% positive predic-
tive value, and 100% negative predictive value. The agree-
ment between the two methods was equal to 0.33% propos-
ing a low agreement (20). In a study conducted by Nafisi
et al., 78 positive cases with polymerase chain reaction and
48 cases of the culture samples were positive, the results of
which were 100% consistent with those of PCR (23). Rhoads
et al. found that the majority of bacteria that were recog-
nized by the molecular method were not detectable by the
culture method (24). Other studies also showed that the
PCR method has a higher sensitivity for bacteria diagno-
sis (25, 26). Furthermore, Yosefzadeh Chabok et al. pro-
posed that the comparison between two methods of cul-
ture and PCR in MRSA diagnosis reveals a 91% agreement
between two methods, 99.2% sensitivity of PCR, and 82.8%
specificity of PCR in bacterial diagnosis (27).

In the present study, 11 cases (20%) had familial col-
orectal cancer, 5 of whom (45.5%) had the bacteria (P <
0.011). Furthermore, Norfleet and Mitchell reported a posi-
tive prevalence of Streptococcus gallolyticus 3% in the biopsy
samples of colorectal cancer, 2.5% in normal tissue of the
intestine, and 0.0% in polyp samples (28). Using frequency-
based molecular techniques, Abdulamir et al. found 48.7%
of DNA sequences of Streptococcus gallolyticus in samples of
patients with colorectal cancer in contrast to 4% of normal
samples (29). Other studies have shown that S. bovis bac-
teria are associated with colorectal adenocarcinoma, espe-
cially in female patients, which contradicted our findings
(30). According to the mentioned researchers, the associ-
ation between Streptococcus gallolyticus and colorectal can-
cer is still controversial. These differences can be traced in
the genetic background as well as the geographical differ-
ences of the patients.

On the other hand, 20 of 55 subjects (36.4%) had dia-
betes, 7 of whom (35%) had Streptococcus gallolyticus bac-
teria (P < 0.008). In a study by Zammit et al. in 2013 on
patients with colon diseases, found that 26% of the sub-
jects had diabetes in addition to Streptococcus gallolyticus
infection (31). In a case-control study, Ellezin et al. reported
a Streptococcus infection in a diabetic patient who had
colon cancer (32).
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5.1. Conclusions

The results of the current study showed that although
the culture method is still one of the inevitable methods
for detecting Streptococcus gallolyticus and it has a higher
specificity than PCR, bacterial culture from biopsy has sev-
eral problems such as preparing a certain culture medium,
providing conditions and keeping the culture medium
from infection with other microorganisms requires sev-
eral days and specific conditions for the emergence of
colonies. The sensitivity obtained in this study was very
high due to the freshness of the culture media, the rapid
delivery of samples for culture, and the expertise of the
sample taker who extracted most of the samples from the
main region of polyps and cancerous masses. Molecular
techniques have created a highly sensitive antibacterial
bed for the detection of microbial pathogens. Sensitivity
and specificity of PCR depend on the primer used. How-
ever, one of the most important factors in using PCR is the
infections that can occur during DNA extraction, prepara-
tion of the reaction mixture and extension. Nonetheless,
considering the advantages and disadvantages as well as
the characteristics of both methods, at present, neither of
these two methods can be considered comprehensive and
standard. Thus, the simultaneous use of the two meth-
ods is recommended whenever a quick result is sought or
there is a suspicion of sample infection and late-growing
microorganisms.

5.2. Limitations and suggestions

Due to the time limit of more than 50 cases, access to
the samples of patients with colon cancer and other clone
diseases was not possible. Due to further investigation and
confirmation of the role of Streptococcus gallolyticus in the
development of colon cancer in the future, we suggest that
this study should be performed in larger sample size com-
pared to healthy controls.
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