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ABSTRACT
Aim: Bacterial biofilm formation is a menacing attribute that has been linked to a rise in antibiotic resistance. 
The aim of this study was to isolate biofilm-producing bacteria from stool samples and their antibiogram.

Study Design: The study involved laboratory research, statistical analysis and interpretation of the data.

Place and Duration of Study: The research was carried out in three (3) hospital facilities. They are University 
of Port Harcourt Teaching Hospital (UPTH), Meridian Hospital D/line branch (MRD1), and Meridian Hospital 
Ikoku branch (MDR2). Specimens were gathered within three (3) months, and analyses were performed.

Methodology: 45 stool specimens were collected from the three (3) hospitals. The specimens  were correctly 
labelled with the sampling date and time. Standard microbiological procedures were performed on the collected 
specimens, including plate counts, identification, biofilm screening, sensitivity testing, extended spectrum beta 
lactamase phenotypic screening, and molecular characterization of the isolates.

Results: The total heterotrophic bacterial counts ranged from 6.2 to 8.2 x107cfu/g, total coliform counts ranged 
from 3.2 to 4.1 x106cfu/g and faecal coliform counts ranged from 1.3 to 1.4 x105cfu/g. There was no significant 
difference at (p≤0.05) in the total heterotrophic bacterial counts, total and faecal coliform counts between the 
hospitals sampled. A total of Thirty-two (32) bacterial isolates were identified in stool specimens, with 20 (62.5%) 
of them being biofilm producers. Staphylococcus 30%, 35% Escherichia coli, 25%  Enterococcus  and 10% 
Bacillus species were detected among biofilm bacteria. Biofilm isolates showed a variety of susceptibility patterns and 
antibiotic resistance was found in biofilm bacteria. Most bacterial intestinal tract infections from patients and hospitals 
investigated can be treated with ofloxacin, Gentamycin, Imipenem, and Nitrofurantoin. TET A and CTX-M genes, were 
reported in Bacillus subtilis and Escherichia coli biofilm bacteria  as possible genes  that could confer antibiotic 
resistance.The existence of the icaD and papC genes in Bacillus subtilis and Escherichia coli has been discovered to be 
probable determinants that impart biofilm forming abilities, according to genomic studies. 

Conclusion: The existence of biofilm-producing bacteria in patients’ stools, as well as their antibiotic resistance, 
was observed in this study. Ceftazidime (third generation cephalosporin) resistance was found in both biofilm and 
non-biofilm bacteria. This research reveals that ofloxacin, Gentamycin, Imipenem, and Nitrofurantoin are the 
drugs of choice for bacterial intestinal tract infections caused by Escherichia coli, Staphylococcus, Enterococcus, 
and Bacillus species. As a result, proper infection control techniques and therapeutic recommendations for 
proven infections should be swiftly implemented. 
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Introduction
Biofilms are microbial communities that are represented in an 
indiscriminate manner by cells that are firmly related to one 
another. Biofilm formation occurs when bacteria cling to surfaces 
and multiply while creating external polymers that facilitate 
fastening and matrix formation [1]. Microorganisms are considered 
responsible for about 65% of bacterial infections when they form 
biofilms [2], and are naturally heterogeneous. When bacteria of 
the same type are stationary, they act and behave differently than 
when they are planktonic [3]. One of the most important of these is 
the rapid development of resistance to antibiotics that are intended 
to kill them [4]. The pace diffusion of an antibiotic treatment 
aimed at a biofilm is slowed by the extracellular polymeric 
material found in biofilm formation [5]. This is accomplished by 
the extracellular polymeric material interacting with antibiotics 
or limiting diffusion [6].Changes in the extracellular polymeric 
substance, use of enhanced genes, metabolic interactions, social 
control of genetic expression, increased antimicrobial resistance, 
human body responses and local dissemination in the biofilm 
community are just a few of the beneficial interactions found in a 
biofilm coterie [7].

Swarna et al. [8] found that microorganism’s ability to form 
biofilm is a significant pathogenic property and a primary cause 
of many chronic diseases. Biofilm-forming bacteria have been 
linked to chronic gastrointestinal infections [9]. Due to the huge 
surface area and frequent nutrition intake, the intestinal tract is 
a perfect environment, suitable for microorganisms and biofilms 
[9]. The intestinal tract is lined with viscoelastic mucus for 
protection, but it can be damaged by severe inflammation, Crohn's 
disease, ulcerative colitis and other conditions [10]. This creates 
the liberty for bacteria to attach to the surface and begin their 
formation within biofilm. The epithelium attached to it is flexible 
and often damaged [11]. Antibiotic treatment for infections caused 
by clinical biofilm has been evaluated, and it has been found 
that in most cases, antibiotic treatment does not give complete 
relief, as symptoms commonly reappear even after treatment. 
Free-living cells are killed by antibiotics, while sessile forms are 
resistant and spread within biofilms [12]. In recent years, biofilm 
producers have shown an increased tolerance to antibiotics [13]. 
Genetic mutations, phenotypic resistance, stress tolerance, quorum 
sensing, genetic gradients, oxidative stress, antibiotic failure and 
heterogeneity may all contribute to their antimicrobial resistance 
[14].

Modern antibiotic treatment guidelines neglect differences in the 
ecological dynamics of different bacteria [15]. Antibiotic resistance 
has been attributed to the presumption that they will eradicate 
the same type of bacteria regardless of where they are found. 
Antibiotics at lower concentrations than the minimal concentration 
can cause biofilm development in a variety of bacterial strains 
[16]. This is so because cells within the biofilm may be exposed to 

significant amounts of antibiotics. Antibiotics, rather than limiting 
biofilm formation, seem to enhance it [17]. The need to control 
bacterial infections induced by these biofilms, as well as new drug 
delivery techniques, emerge [18]. The purpose of this study was 
to isolate biofilm-producing bacteria from stool samples and their 
antibiogram.

Materials and Methods
Research Area
This research was carried out in three (3) facilities within Port 
Harcourt Metropolis, Rivers State: University of Port Harcourt 
Teaching Hospital (UPTH), Meridian Hospital D/line branch 
(MRD1), and Meridian Hospital Ikoku branch (MRD2).

Specimen Collection
Forty five (45) stool specimens were collected from the three 
hospitals over the course of three (3) months. The stool specimens 
were labelled with the date and time of collection and transferred 
aseptically to the Department of Microbiology Laboratory, Rivers 
State University. The samples were prepared according to the 
Clinical Laboratory Standard Institute's Procedures [19]. Nutrient 
Agar, MacConkey Agar, Cysteine Lactose Electrolyte Deficient 
medium (CLED), Mannitol Salt Agar, Cetrimide Agar, Bile 
Esculin Agar, Salmonella-Shigella Agar, and Eosin Methylene 
Blue (EMB) Agar were used as culture media. The manufacturer's 
instructions were followed for preparing these media.

Bacteriological Analysis
Standard microbiological techniques were used to isolate the 
bacteria. Individual media were used to culture the specimens. On 
the stool specimens, a tenfold serial dilution was performed, in 
which 1g of faeces was transferred to 9ml of sterile normal saline 
and subsequent dilutions were made up to 10-6. The spread plate 
technique was used in duplicate. An aliquot (0.1ml) of appropriate 
dilutions (10-4 to 10-6) on Nutrient Agar, MacConkey Agar, Eosin 
Methylene Blue plates, Bile Esculin Agar, Cysteine Lactose 
Electrolyte Deficient Agar (CLED), Salmonella-Shigella Agar, 
and Mannitol Salt Agar plates. For 18 to 24 hours, the plates were 
incubated at 37°C. The colonies that developed on the plates were 
counted and morphologically described. Distinct colonies were 
sub-cultured to obtain pure isolates.

Bacterial cultures were examined for different colonies and 
were subcultured onto sterile solid plates. Characterization and 
identification of pure cultures were done using colony morphology, 
microscopic features, and several specific biochemical tests [6]. 
Matching features with existing taxa in standard guides such as 
The Manual for Identification of Medical Bacteria [20] and Bergy's 
Manual of Determinative Bacteriology were used to identify the 
bacteria [21]. For further identification and confirmation of the 
bacterial isolates identified to species level, a molecular technique 
(PCR) was used.

Bacterial isolates obtained from the specimens were tested for 
their biofilm producing capacity using the Congo red test method 
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[22]. Using Congo Red Agar (CRA) Medium, Freeman et al., [22] 
provided a qualitative approach for detecting biofilm development 
among bacterial isolates. The test organisms were inoculated onto 
Congo Red Agar and incubated for 24 hours at 37°C. A positive test 
for biofilm generation is the growth of black crystalline colonies.

The Mueller-Hinton agar was prepared according to the 
manufacturer's instructions and sterilized at 121οC for 15 minutes 
at 15 pounds per square inch in an autoclave. To avoid misleading 
readings of the zones of inhibition, the pH of the medium was 
determined to be 7.2 and put into the proper depth in the Petri 
dish. A sterile swab stick was immersed in the test tube containing 
the bacterial suspension, and the turbidity was equivalent to 0.5m 
McFarland Turbidity Standard. The swab was used to swab the 
surface of the agar in the Petri dish evenly, which contained 
already prepared Mueller- Hinton agar in three dimensions, while 
rotating the plates to about 60ºC to ensure even distribution of the 
organism. For about 3-5 minutes, the agar was allowed to dry. The 
impregnated antimicrobial discs were placed on the surface of 
the inoculated plates using sterile forceps. Each disc was slightly 
pressed down with the head of the forceps to create contact with the 
agar. After adding the disc, the plates were incubated aerobically 
at 35°C for 16-18 hours in an inverted orientation. The test plates 
were examined after incubation to detect the zones of inhibition 
[19].The diameter of each zone of inhibition was measured in mm 
using a ruler and documented for reference.

The presence or absence of extended spectrum beta-lactamases 
(ESBL) enzyme was determined by phenotyping isolates. 
The disc diffusion test was used to check for ESBL production 
in ceftazidime-resistant bacteria. ESBL positive was defined 
as a greater than 5mm increase in the zone diameter between 
ceftazidime (30μg)  and ceftazidime-clavulanate (30/10μg) Yong 
et al., 2002.

The presence or absence of the Metallo beta-lactamases (MBL) 
enzyme was determined by phenotyping isolates. MBL generation 
was assessed in imipenem-resistant bacteria using a combination 
disc-diffusion assay with two imipenem discs, one of which had 
10µl of 0.5 M EDTA added to it. The presence of an enhanced 
zone of inhibition of greater than7mm surrounding the imipenem-
EDTA disc compared to the zone size of the imipenem disc alone 
was validated as positive for MBL generation [23].

Results and Discussion
The total heterotrophic bacterial counts ranged from 6.2  to 
8.2  x107cfu/g in the stool specimen from the hospitals. The 
total heterotrophic bacterial counts did not differ significantly 
(p≤0.05)  between the hospitals studied. Total coliform counts 
ranged from 3.2 to 4.1 x106cfu/g. Faecal coliform counts ranged 
from 1.30 to 1.36 x105cfu/g. Humans have a complex colony of 
gut microbiota living in their intestine. The bacterial burden in 
the stomach is substantially lower, but it exponentially increases 
when bacteria-contaminated substances are consumed. When 
microorganisms get access to the intestines, they continue to 

multiply and proliferate [24]. The observed variation in bacterial 
population in stool specimens obtained from patients across 
different hospitals in this study could be due to the patients' 
level of exposure to contaminated substances and the duration of 
intestinal infections, as long-term infections have a higher bacterial 
population [25].

The identities of isolates are revealed based on their colonial, 
morphological and biochemical characteristics. Thirty-Two 
(32) bacterial isolates belonging to the following genera were 
identified as; 9 (28.1) Escherichia coli, 2 (6.3) Bacillus, 8 (25) 
Enterococcus, 9 (28.1) Staphylococcus, 2 (6.3) Salmonella and 
2 (6.3) Shigella species as. Tables 1 to 4 show the antimicrobial 
patterns of the individual biofilm bacterial isolates, including; 
Staphylococcus, Enterococcus, Bacillus, and Escherichia coli 
species. Antimicrobial patterns of non-biofilm bacterial isolates 
comprising Staphylococcus sp., Enterococcus sp., Escherichia 
coli, Salmonella and Shigella species are shown in Tables 5 to 
9. The isolates antibiogram profiles were classified as sensitive, 
intermediate or resistant.

Figure 1: Percentage Relative Abundance of Biofilm Producing Bacteria 
Isolated from specimen.

Figure 2: Percentage Relative Abundance of Non-Biofilm Producing 
Bacteria Isolated from specimen.
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Table 1: Antibiotics Resistance Pattern of Biofilm Producing 
Staphylococcus sp Isolated from Faeces.
N=6

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 5 2 (33.3) 0 (0.00 ) 4 (66.7)
AUG 30 6 (100) 0 (0.00) 0 (0.00)
CAZ 30 6 (100) 0 (0.00) 0 (0.00)
CRX 30 6 (100) 0 (0.00) 0 (0.00)
GEN 10 1 (16.7 ) 2 (33.3) 3 (50.0 )
CTR 30 6 (100) 0 (0.00) 0 (0.00)
ERY 5 4 (66.7 ) 0 ( 0.00) 2 (33.3)
CXC 5 6 (100) 0 (0.00) 0 (0.00)
IMP 30 1 ( 16.7) 2 (33.3 ) 3 (50.0)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table 2: Antibiotics Resistance Pattern of Biofilm Producing Enterococcus 
sp Isolated from Faeces.
N=5

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 5 0 (0.00) 1 (20.0) 4 (80.0)
AUG 30 5 (100) 0 (0.00) 0 (0.00)
CAZ 30 5 (100) 0 (0.00) 0 (0.00)
CRX 30 5 (100) 0 (0.00) 0 (0.00)
GEN 10 1 (20.0) 0 (0.00) 4 (80.0)
CTR 30 5 (100) 0 (0.00) 0 (0.00)
ERY 5 2 (40.0) 2 (40.0) 1 (20.0)
CXC 5 5 (100) 0 (0.00) 0 (0.00)
IMP 30 2 (40.0) 1 (20.0) 2 (40.0)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table 3: Antibiotics Resistance Pattern of Biofilm Producing Bacillus sp 
Isolated from Faeces.
N=2

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 5 0 (0.00) 0 (0.00) 2 (100)
AUG 30 2 (100) 0 (0.00) 0 (0.00)
CAZ 30 2 (100) 0 (0.00) 0 (0.00)
CRX 30 2 (100) 0 (0.00) 0 (0.00)
GEN 10 1 (50.0) 0 (0.00) 1 (50.0)
CTR 30 2 (100) 0 (0.00) 0 (0.00)
ERY 5 0 (0.00) 1 (50.0) 1 (50.0)
CXC 5 1 (50.0) 1 (50.0) 0 (0.00)
IMP 30 1 (50.0) 0 (0.00) 1 (50.0)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table 4: Antibiotics Resistance Pattern of Biofilm Producing Escherichia 
coli Isolated from Faeces.
N=7

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 5 1 (14.3) 1 (14.3) 5 (71.4)
AUG 30 4 (57.1) 3 (42.9) 0 (0.00)
CAZ 30 7 (100) 0 (0.00) 0 (0.00)
CRX 30 7 (100) 0 (0.00) 0 (0.00)
GEN 10 1 (14.3) 3 (42.9) 3 (42.9)
NIT 300 2 (28.6) 1 (14.3) 4 (57.1)
CPR 5 5 (71.4) 2 (28.6) 0 (0.00)
CXM 5 4 ( 57.1) 2 (28.6) 1 (14.3)
IMP 30 1 (14.3) 2 (28.6) 4 (57.1 )

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table 5: Antibiotics Resistance Pattern of Non-Biofilm Producing 
Staphylococcus sp Isolated from Faeces.
N=3

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 5 0 (0.00) 1 (33.3) 2 (66.7)
AUG 30 1 (33.3) 1 (33.3) 1 (33.3)
CAZ 30 3 (100) 0 (0.00) 0 (0.00)
CRX 30 0 (0.00) 1 (33.3) 2 (66.7)
GEN 10 0 (0.00) 0 (0.00) 3 ( 100)
CTR 30 0 (0.00) 1 (33.3) 2 (66.7)
ERY 5 1 (33.3) 0 (0.00) 2 (66.7)
CXC 5 0 (0.00) 2 (66.7) 1 (33.3)
IMP 30 1 (33.3) 1 (33.3) 1 (33.3)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table 6: Antibiotics Resistance Pattern of Non-Biofilm Producing 
Enterococcus spIsolated from Faeces. N=3

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 5 0 (0.00) 0 (0.00) 3 (100)
AUG 30 1 (33.3) 0 (0.00) 2 (66.7)
CAZ 30 3 (100) 0 (0.00) 0 (0.00)
CRX 30 1 (33.3) 2 (66.7) 0 (0.00)
GEN 10 0 (0.00) 0 (0.00) 3 (100)
CTR 30 0 (0.00) 3 (100) 0 (0.00)
ERY 5 0 (0.00) 2 (66.7) 1 (33.3)
CXC 5 0 (0.00) 2 (66.7) 1 (33.3)
IMP 30 1 (33.3) 0 (0.00) 2 (66.7)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.
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Table 7: Antibiotics Resistance Pattern of Non-Biofilm Producing 
Escherichia coli Isolated from Faeces. N=2

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 5 0 (0.00) 0 (0.00) 2 (100)

AUG 30 1 (50.0) 0 (0.00) 1 (50.0)

CAZ 30 2 (100) 0 (0.00) 0 (0.00)

CRX 30 1 (50.0) 1 (50.0) 0 (0.00)

GEN 10 0 (0.00) 0 (0.00) 2 (100)

NIT 300 0 (0.00) 1 (50.0) 1 (50.0)

CPR 5 0 (0.00) 0 (0.00) 2 (100)

CXM 5 1 (50.0) 0 (0.00) 1 (50.0)

IMP 30 0 (0.00) 1 (50.0) 2 (50.0)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table 8: Antibiotics Resistance Pattern of Non-Biofilm Producing 
Salmonella sp Isolated from Faeces.

Antibiotics Concentration
 (µg)

Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
 n (%)

OFL 5 0 (0.00) 0 (0.00) 4 (100)
AUG 30 2 (50.0) 1 (25.0) 1 (25.0)
CAZ 30 4 (100) 0 (0.00) 0 (0.00)
CRX 30 1 (25.0) 2 (50.0) 1 (25.0)
GEN 10 2 (50.0) 0 (0.00) 2 (50.0)
NIT 300 1 (25.0) 0 (0.00) 3 (75.0)
CPR 5 1 (25.0) 1 (25.0) 2 (50.0)
CXM 5 2 (50.0) 0 (0.00) 2 (50.0)
IMP 30 0 (0.00) 3 (75.0) 1 (25.0)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table 9: Antibiotics Resistance Pattern of Non-Biofilm Producing 
Shigella sp isolated from faecal Samples.

Antibiotics Resistant 
n (%)

Intermediate 
n (%)

Susceptible 
n (%)

OFL 0 (0.00) 0 (0.00) 2 (100)
AUG 1 (50.0) 1 (50.0) 0 (0.00)
CAZ 2 (100) 0 (0.00) 0 (0.00)
CRX 2 (100) 0 (0.00) 0 (0.00)
GEN 0 (0.00) 0 (0.00) 2 (100)
NIT 1 (50.0) 0 (0.00) 1 (50.0)
CPR 0 (0.00) 1 (50.0) 1 (50.0)
CXM 0 (0.00) 0 (0.00) 2 (100)
IMP 1 (50.0) 0 (0.00) 1 (50.0)

Key: (AU) Augmentin, (CAZ) Ceftazidime, (CRX) Cefuroxime, 
(CTR) Ceftriaxone, (ERY) Erythromycin, (CXC) Cloxacillin, (NIT) 
Nitrofurantoin (CXM) Cefixime, (OFX) Ofloxacin, (GEN) Gentamycin, 
(CPX) Ciprofloxacin, (IMP) Imipenem.

Table I0: Distribution of Biofilm formers and ESBL and MBL Producers. 

Organisms
No. (%)

Biofilm 
formers
 No. (%)

ESBL 
Producers
 No. (%)

MBL 
Producers
 No. (%)

ESBL 
and MBL 
Producers
No. (%)

ESBL/
MBL and 

Biofilm 
Producers

No. (%)
Staphylococcus 
sp 9 6 (66.7) 4 (44.4) 2 (22.2)  1 (11.1) 1 (11.1)

Escherichia coli 9  7 (77.8)  5 (55.6)  3 (33.3) 1 (11.1)  1 (11.1)
Enterococcus sp 8  5 (62.5) 3 (37.5) 2 (25) 2 (25)  2 (25)
Bacillus sp 2  2 (100)  1 (50.0) 2 (100) 1 (50.0)  1 (50.0) 
Total 32 20 (62.5) 13 (40.6) 9 (28.1) 5 (15.6) 5 (15.6)

Key: Extended spectrum beta-lactamase (ESBL), Metalo beta-lactamase (MBL).

From stool samples collected from the three (3) hospitals, a total 
of thirty-two (32) species of bacteria were identified. The relative 
abundance of Escherichia coli (28.1%), Staphylococcus (28.1%), 
Enterococcus (25%), Bacillus (6.3%), Salmonella (6.3%), and 
Shigella (6.2%) species were  detected in the stools of patients. 
Meridian Hospital D/Line had the highest relative abundance13 
(40.6%), University of Port Harcourt Teaching Hospital had the 
relative abundance 10 (31.3%), and Meridian Hospital Ikoku had 
the lowest relative abundance 9 (28.1%). The observed variation 
in bacterial populations in stool specimens obtained from patients 
across the different hospitals in this study may be due to the 
patients' level of exposure to contaminated substances and the 
duration of intestinal infections, as long-term infections have a 
higher bacterial population [25].

Biofilm producers were identified in 20 (62.5%)  isolates. This 
corresponds to the findings of [26], who found 64.28% of biofilm-
producing bacteria. Since biofilm, bacterial isolates had adhering 
features like flagella that assist movement to receptor sites, and 
they were able to form biofilms (substratum). The human digestive 
system has a diverse and abundant microbiota, which helps 
bacteria stick together [27]. The human digestive system offers 
the necessary conditions for the formation of bacterial biofilm 
communities, such as mucus composition, adhesion sites along 
the tract, and gut motility [28].This observation is likewise in line 
with the findings of Macfarlene et al., [27]. As indicated in Figure 
1, the biofilm bacterial isolates were distributed as Escherichia 
coli 21.9 %, Enterococcus 15.6 %, Bacillus 6.25 %, and 18.8 % 
Staphylococcus species. The identification of Staphylococcus as a 
biofilm bacteria isolated from faeces is in line with the findings of 
Ponnusamy et al., [29].

Non-biofilm producers were found in a total of 12 (37.5%): 
Escherichia coli 6.3 %, Staphylococcus 9.4 %, Enterococcus 9.4 
%, Salmonella 6.3 %, and 6.3% Shigella species as illustrated 
in Figure 2, are non-biofilm producers. Biofilm and non-biofilm 
potential was identified in bacterial isolates such as Escherichia 
coli, Staphylococcus, and Enterococcus. The strain types and 
genetic makeup of bacterial isolates of the same genera differ in 
their potential to produce biofilms. The biofilm potential of certain 
bacteria is acquired by the transfer of genetic information among 
bacterial isolates in a biofilm community. Irrespective of their 
inability to produce biofilm, they are infectious to humans [30].
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The results of the antibiotic pattern of Staphylococcus sp as shown 
in Table 1 indicates that greater number of the Staphylococcus 
spp were susceptible to Ofloxacin (66.7%) followed by 
Gentamycin and Imipenem (50%). Staphylococcus sp showed 
complete resistance to Ceftazidime, Augmentin, Cefuroxime, 
Ceftriaxone and Cloxacillin (100%). The observed susceptibility 
of Staphylococcus sp to Ofloxacin was also in accordance with 
the report of Amadi et al. [31] and Uwazuoke et al. [32]. High 
sensitivity to gentamycin in this present study compares favorably 
with the reports of Ndip et al. [33].Their resistance to Augmentin, 
Ceftazidime, Cloxacillin, Ceftriaxone and Cefuroxime was 100%. 
The resistance to Cloxacillin in this study contradicts with the 
findings of Ndip et al. [33], which revealed that Cloxacillin was 
highly recommended in staphylococcal infections.

The results of the antibiotic pattern of Enterococcus sp as shown 
in Table 2 indicates that greater number of the Enterococcus sp 
were susceptible to Ofloxacin and Gentamycin (80%).The high 
sensitivity to gentamycin as seen in this study is in agreement 
with the findings of Monika et al. [34]. Enterococcus sp showed 
resistance to Augmentin, Ceftazidime, Cefuroxime, Ceftriaxone 
and Cloxacillin (100%). 

The antibiotic pattern of Bacillus spas shown in Table 3 indicates 
that greater number of Bacillus sp were susceptible to Ofloxacin 
(100%) followed by Gentamycin, Erythromycin and Imipenem 
(50%). Bacillus sp showed complete resistance to Ceftazidime, 
Augmentin, Cefuroxime and Ceftriaxone (100%).

Antibiotic pattern of Escherichia coli as shown in Table 4 
indicates that greater number of Escherichia coli were susceptible 
to Ofloxacin (71.4%) followed by Nitrofurantoin and Imipenem 
(57.1%). Susceptibility to Ofloxacin in this study concurs with the 
findings of Niranjan et al. [35]. Escherichia coli showed complete 
resistance to Ceftazidime and Cefuroxime and (100%). 

The fundamental issue with biofilm-forming bacteria-caused 
infections is the low susceptibility of bacteria to the antimicrobials 
applied [36]. The high resistance of biofilm bacteria to the beta-
lactam antibiotics Ceftazidime, Cefixime, and Cefuroxime found 
in this study could be attributed to their abuse and the acquisition 
of blaCTX, blaSHV, and blaTEM [37]. The drugs of choice for 
intestinal tract bacteria biofilm infections caused by Escherichia 
coli, Staphylococcus, Enterococcus, and Bacillus species were 
determined to be Ofloxacin, Gentamycin, Imipenem, and 
Nitrofurantoin in this research.

The Multiple Antibiotic Resistance Index of biofilm forming 
bacteria isolated from stool specimen revealed that Staphylococcus 
sp, Escherichia coli, Enterococcus sp and Bacillus sp, had 
multidrug resistance index of 100%. Multidrug resistance index 
values greater than 0.2 indicate a high risk where antibiotics are 
often used [38].This surge in resistance could be due to the poorly 
guided and frequent use of antibiotic prophylaxis and empiric 
cephalosporin therapy in recent years, which has likely contributed 

to the rise in Cefuroxime, Ceftazidime, and Ciprofloxacin 
resistance [39].

Antibiotics resistance pattern of non-biofilm producing bacteria 
Isolated from faecal samples revealed that the results of the 
antibiotic pattern of Staphylococcus sp as shown in Table 5 
indicates that greater number of Staphylococcus sp were susceptible 
to Gentamycin (100%), Ofloxacin, Cefuroxime, Ceftriaxone and 
Erythromycin (66.7%), followed by Imipenem, Augmentin and 
Cloxacillin (33.3). Staphylococcus sp showed complete resistance 
to Ceftazidime (100%).

The antibiotic pattern of Enterococcus sp as shown in Table 6 
indicates that greater number of Enterococcus sp were susceptible 
to Gentamycin and Ofloxacin (100%), followed by Imipenem and 
Augmentin (66.7%). Enterococcus sp showed complete resistance 
to Ceftazidime (100%).

Escherichia coli isolatesas shown in Table 7 indicates that 
greater number of Escherichia coli were susceptible to Ofloxacin, 
Cefexime and Gentamycin (100%). Followed by Nitrofurantoin 
and Augmentin (50%).The efficacy of gentamycin, which belongs 
to the aminoglycosides group, is not surprising because it has 
been shown to function against gram-negative bacteria, such as 
Escherichia coli, by attaching to their ribosomes and suppressing 
protein synthesis [40]. Ceftazidime resistance was demonstrated in 
Escherichia coli (100%).

The antibiogram pattern of Salmonella sp as shown in Table 8 
indicates that Salmonella was susceptible to Ofloxacin (100%) 
and Nitrofurantoin (75%).The susceptibility of Salmonella sp to 
Nitrofurantoin correlates with the findings of Pogue et al. [41]. 
Resistance to Augmentin, Gentamycin and Cefexime (50%) was 
observed in this study.

The sensitivity pattern of Shigella sp as shown in Table 9 indicates 
that a greater number was susceptible to Ofloxacin, Gentamycin and 
Cefexime (100%). Shigella sp showed resistance to Cefuroxime 
and Ceftazidime (100%).

The Multiple antibiotic resistance Index of non-biofilm forming 
bacteria isolated from faecal samples shows that Staphylococcus, 
Enterococcus, Escherichia coli, Salmonella and Shigella species 
had multidrug resistance index of 66.7%, 66.7%, 50%, 100% , 
50%, respectively. Multiple antibiotic resistance index values in 
this study were greater than 0.2, indicating a high risk as antibiotics 
is indiscriminately used by patients whose samples were taken. 

Extended spectrum beta-lactamase (ESBL) and metallo beta-
lactamase (MBL) were screened  in 20 (62.5%) of the bacterial 
isolates that tested positive for biofilm formation. Out of which 
13 (40.6%) and 9 (28.1%) were confirmed as ESBL and MBL 
producers, respectively. Escherichia coli were detected as ESBL 
producers showing comparatively higher incidence of (55.6%), 
followed by Bacillus sp (50%), Staphylococcus sp (44.4%), and 
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Enterococcus sp  (37.5%). Bacillus sp were identified to produce 
the highest MBL (100%), followed by Escherichia coli (33.3%). 
Other bacterial isolates, such as Enterococcus and Staphylococcus 
sp, phenotypically expressed MBL enzyme at 25% and 22.2%, 
respectively It was revealed that biofilm and both beta-lactamase-
producing bacteria were found to be (15.6 %). The expression of 
resistance genes such as beta-lactamases is boosted by the biofilm 
matrix. This is in line with the observations of Donlan, [42]. The 
integration of ESBL with MBL production and biofilm production 
revealed that high  ESBL producers were biofilm bacteria and 
there was a high correlation between ESBL and biofilm formation 
(P-value = 0.001). This contradicts the findings of [43]. Since most 
biofilm-producing bacteria isolated in this study were positive for 
extended spectrum beta-lactamases production, there was a notable 
link between ESBL and bacterial biofilm formation. A statistically 
significant correlation was revealed between MBL production and 
biofilm production. (P-value = 0.002, 2 = 2.36).

Bacillus subtilis and Escherichia coli were identified using 
molecular techniques. In the genomic DNA of Bacillus subtilis 
and Escherichia coli, the genes PapC, CTX-M, ICAD, and TET 
A were identified. Tetracy cline resistance is provided by TET 
A gene variation of the bacteria. Tetracycline resistance is common 
in both gram-positive and gram-negative bacteria, and it may be 
caused by bacteria effluxing the drug before it reaches its target, 
which protects the ribosome-binding site and lowers drug binding 
[44]. CTX-M enzymes are a subset of class A ESBLs that impart 
higher levels of resistance to beta- lactam antibiotics such as 
cefotaxime, ceftriaxone, and ceftazidime when present in bacteria. 
The detection of the CTX-M gene in genomic examinations of 
biofilm bacteria corresponds to the existence of the gene in ESBL 
phenotypic screening. Krumperman, [45] reported a similar 
finding. The ICAD gene for biofilm polysaccharide intercellular 
adhesion production is an adhesion gene that was found in the 
genomic DNA of biofilm-producing Bacillus subtilis.

Conclusion
The significant increase in biofilm strains and antibiotic resistant 
bacteria in this study portends a future menace. As a result, general 
monitoring of biofilm generation and beta-lactamases, as well as a 
strong implementation of infection control and prevention actions, 
might be advised in clinical laboratories. Antibiotic resistance 
was shown to be higher in biofilm-producing bacteria than in non-
biofilm-producing bacteria, according to the study. The presence 
of biofilm and non-biofilm bacteria in stools of patients shows that 
biofilm-producing bacteria may cause intestinal tract infections, 
which can be symptomatic or asymptomatic depending on the 
severity. Ceftazidime  (third generation cephalosporin) resistance 
was found in both biofilm and non-biofilm bacteria. This research 
reveals that ofloxacin, Gentamycin, Imipenem, and Nitrofurantoin 
are the drugs of choice for bacterial intestinal tract infections 
caused by Escherichia coli, Staphylococcus, Enterococcus, and 
Bacillus species.

This study also found that the results of extended spectrum beta 
lactamases phenotypic screening correlate well with the genomic 

approach of detecting extended spectrum beta lactamases genes. 
As a result, this approach for detecting extended spectrum beta 
lactamases can be used in resource-constrained settings.

Recommendations
In cases of infection, antibiotic susceptibility testing should 
be performed on all clinical samples prior to therapy. This will 
make it easier to administer  correct prescriptions and prevent 
bacterial resistance. To counteract the rapid spread of antibiotic-
resistant bacteria, ongoing efforts should be undertaken to monitor 
hospitals, infection control, and clinical trials. In order to prevent 
further spread of bacterial biofilm infections among patients, 
sterile conditions between health care professionals and patients 
should be ensured.
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