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A B S T R A C T

The bacterial profiles of natural household biofilm have not been widely investigated. The majorities of these
bacterial lineages are not cultivable. Thus, this study aims (i) to enumerate some potential bacterial lineages using
culture based method within biofilm samples and confirmed using Biolog GEN III and polymerase chain reaction
(PCR). (ii) To investigate the bacterial profiles of communities in two biofilm samples using next generation
sequencing (NGS). Forty biofilm samples were cultured and colonies of each selected prevailing potential lineages
(E. coli, Salmonella entrica, Pseudomonas aeruginosa, Staphylococcus aureus and Listeria monocytogenes) were selected
for confirmation. From obtained results, the counts of the tested bacterial lineages in kitchen biofilm samples were
greater than those in bathroom samples. Precision of PCR was higher than Biolog GEN III to confirm the bacterial
isolates. Using NGS analysis, the results revealed that a total of 110,554 operational taxonomic units (OTUs) were
obtained for two biofilm samples, representing kitchen and bathroom biofilm samples. The numbers of phyla in
the kitchen biofilm sample (35 OTUs) was higher than that in bathroom sample (18 OTUs). A total of 435 genera
were observed in the bathroom biofilm sample compared to only 256 in the kitchen sample. Evidences have
shown that the empirical gadgets for biofilm investigation are becoming convenient and affordable. Many distinct
bacterial lineages observed in biofilm are one of the most significant issues that threaten human health and lead to
disease outbreaks.
1. Introduction

Naturally, biofilm is composed of different types of microorganisms
(e.g. bacteria, viruses, fungi) in layer form wrapped by polymer matrices,
where bacteria are adherent either on biotic or abiotic surfaces. The
adhesion of various types of bacterial lineages could form a biofilm
within different aquatic ecosystems. The behaviors of bacterial sessile/
biofilm cells differ from the bacterial cells in planktonic state [1].
Whereas approximately 95% of all aquatic microbiomes can adhere onto
the inner surfaces of pipe materials and form a biofilm, only 5% are
floating in the water column [2]. As well, biofilm is mainly found in both
drinking water distribution systems (DWDS) and sink drainage pipes [3,
4]. Although many investigations have been carried out on artificially
developed biofilm, the growth and structure of natural biofilm in sink
drains remains unknown [5, 6]. Some harmful bacteria can develop and
colonize biofilm in the sinks of the kitchen and bathroom for a prolonged
period of time [7, 8]. Immune-incompetent people can therefore be
subjected to a broad spectrum of opportunistic pathogens in sinks and
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become more susceptible to infection [9, 10].
The waste of uncooked meat and vegetables, deemed high-risk in-

fectious materials with much more water and food-borne pathogens,
passes through the drainage pipe in the kitchen [11, 12]. Likewise, drains
of household water are deemed the primary way to disseminate a lot of
bacterial lineages around the envirnment [13, 14, 15, 16]. Culture-based
method can be regularly used to evaluate the microbial quality of envi-
ronmental samples [17]. Indeed, the largest of bacterial lineages (more
than 99%) in aquatic environmental systems are in a viable but
non-culturable (VBNC) state and are thus scarcely detected using
culture-based techniques [18, 19]. These cumbersome troubles can,
however, be overcome by using culturally independent molecular tech-
niques, including polymerase chain reaction (PCR) and next-generation
sequencing (NGS) [7]. Even though the PCR is presently a valuable
tool for detecting non-cultivable pathogenic bacteria, it cannot differ-
entiate between healthy and non-viable bacterial cells [20]. To overcome
this obstacle, PCR using particular dyes have been using after cultivation
of bacteria to provide more information about viability of bacterial
019
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community [21, 22].
NGS of bacterial 16S rRNA gene amplicon offers deeper insight into

the community composition than clone libraries or fingerprinting tech-
nique [23]. Current NGS evaluation involves the sequencing of different
variable regions of the bacterial 16S rRNA gene [24, 25]. Classically, the
amplicon sequencing of the 16S rRNA gene used in earlier research may
identify bacterial populations but is not adequate for recognizing path-
ogens in a complicated environment including biofilm [26, 28]. The
resolution of the commonly utilized 16S rRNA gene may not always be
adequate to recognize pathogen, so that more particular target genes are
required to identify those organisms [28, 29]. Besides, NGS methods also
help to acquire full genetic sequences from uncultivated microorganisms
[30, 31]. Earlier NGS studies have also given precious insights and have
often been used to analyze DNA from microbial communities in biofilm
samples without previous cultivation need [32, 33]. Thereby, this
research seeks to enumerate some prospective bacterial lineages using
biofilm sample culture-based technique and verified using Biolog GEN III
and PCR and to investigate the bacterial profiles communities using next
generation sequencing (NGS) for biofilm samples.

2. Materials and methods

2.1. Biofilm sampling and preparation

Forty natural biofilm samples were randomly collected from bath-
room (n ¼ 10) and kitchen (n ¼ 30) sink drainage pipes (30 km south of
Cairo, Egypt) under aseptic condition, the inhabitants of household were
non-vegetarian. The plastic-based pipes containing biofilm samples were
preserved in ice box and immediately transferred to the laboratory within
2 h for microbiological examination according to American Public Health
Association (APHA) [34]. The samples were harvested by scraping 10
cm2 from the inner surface of pipes using sterile cotton swabs. A small
round sampler of an area (10 cm2) was found to collect an average of 0.45
g� 0.65 wet weight of natural biofilm sample with grey color. The swabs
were submerged into tubes each containing 10 ml sterile distilled water
and homogenized using a vortex agitator for 5 min.

2.2. Culture method for enumeration of bacterial biofilm

E. coli, Salmonella entrica, Pseudomonas aeruginosa, Staphylococcus
aureus and Listeria monocytogenes were enumerated in all biofilm samples
using the spread plate method according to American Public health As-
sociation (APHA) [34]. Samples were appropriately diluted from tenfold
serial dilution depending on the cell concentration. To enumerate E. coli,
100 μl of suspended biofilm cells were transferred onto ECC agar
(HiMedia, India). HiCrome Improved Salmonella agar (HiMedia, India)
was used to enumerate Salmonella, and HiCrome Listeria selective agar
(HiMedia, India) was used to enumerate Listeria biofilm cells. HiCrome
Aureus agar (HiMedia, India) was used to enumerate Staphyoloccus bio-
film cells and HiFluoro Pseudomonas agar (HiMedia, India) was used for
enumerate Pseudomonas. The biofilm formation in all experimental de-
signs is expressed in CFU/cm2. Two typical bacterial colonies from each
bacterial pathogen were isolated and kept in tryptic soy broth (TSB) with
10% glycerol (BD, Germany) at -40 �C for further identification using
PCR and Biolog GEN III [34].

2.3. Identification of phenotypic bacterial isolates using Biolog GEN III

The Biolog GEN III system provides a better method to identify a wide
spectrum of bacteria. This system can also give phenotyping fingerprint
and full picture for bacterial isolates. Typical colonies of each bacterial
lineage were picked from the surface of tryptic soy agar (TSA) media to
be identified using the Biolog GEN III system (BIOLOG, USA) according
to the manufacturer's instructions. A top of single colony was taken using
a sterile disposable swab and inoculated into 10 ml of inoculating fluid
(IF-A) (Biolog Inc, USA). The inoculated IF-A was dispensed into 96 wells
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of a microplate (100 μl per well) using a multichannel repeating pipettor.
The microplate was incubated at 37 �C for 24h. The reading was carried
out automatically by the computerized MicroStation™ system (Biolog
Inc, USA) with the fingerprint data which was previously fed into the
software (OmniLog® Data Collection) and used to identify the bacteria
from their phenotypic patterns in the GEN III MicroPlate [35, 36, 37].

2.4. Molecular identification of bacterial isolates using PCR

2.4.1. DNA extraction of bacterial isolates
DNA extraction of bacterial isolates was carried out using a PrestoTM

Mini gDNA bacterial kit (Geneaid, Taiwan) according to the manufac-
turer's instructions. The quantity of the extracted DNA was measured by
determining absorbance at 260 nm and 280 nm using NanoDrop™ 2000/
2000c Spectrophotometers (USA), after which the A260/A280 ratios
were calculated with three replicates. The concentration of the extracted
DNA was within the acceptable range (1.6–1.8 ng/μL) according to
Fontana et al. [38] and Lucena-Aguilar et al. [39].

2.4.2. The PCR amplification and conditions for bacterial biofilm isolates
The confirmation of E. coli, Salmonella entirca, Pseudomonas areugi-

nosa, Staphylococcus aureus and Listeria monocytogenes isolates were car-
ried out with separate PCR primer as shown in Table 1. The primers used
in this study were synthesized by Macrogen Co. (Republic of Korea).
Then, PCR was performed in a total volume of 20 μl consisting of 4 μl of
1x FIREPol®Master Mix (Solis BioDyne, Estonia) Ready to use with 12.5
mM MgCl2, 0.5 μl of each primer (final concentration, 10 pmol), 12.5 μl
of nuclease-free water and 2.5 μl of template DNA. Each PCR assay
included a negative and positive control. E. coli ATCC 25922, Salmonella
enterica serovar Typhimurium ATCC 14028, Staphylococcus aureus ATCC
25923, Pseudomonas aeruginosa ATCC 10145 and Listeria monocytogenes
ATCC 25152 were used as positive controls for each PCR run. PCR re-
actions were conducted in a Bio-Rad T100™ thermal cycler with a spe-
cific annealing temperature for each set of primers, as shown in Table 1.
Subsequently, the amplified products were analyzed via agarose gel
electrophoresis. Gels were stainedwith Ethidium bromide (0.005%, w/v)
and visualized under a UV trans-illuminator with a UVP BioDoc-it im-
aging system.

For determination of detection limit of all tested bacterial lineages,
genomic DNA of fresh 24hr-bacterial culture was extracted and tenfold
serial dilution was performed for each bacterial DNA extract. After PCR
assay, detection limit of E. coli (ATCC 25922), Salmonella enterica serovar
Typhimurium (ATCC 14028), Staphylococcus aureus (ATCC 25923),
Pseudomonas aeruginosa (ATCC 10145), and Listeria monocytogenes (ATCC
25152) was approximately 3 � 102 to 3 � 103 CFU/ml in pure culture.

2.5. NGS of biofilm samples

2.5.1. Total DNA extraction
Two biofilm samples were collected from kitchen and bathroom sink

drainage pipes. Samples were harvested as described by Hemdan et al.
[45]. DNA was then extracted using a MOBIO Power Soil DNA isolation
kit (USA) according to the manufacturer's instructions.

2.5.2. Sequencing data preparation
MiSeq standard operating procedure (SOP) was applied for

sequencing sample preparations. Briefly, 2μl of the total DNA from each
sample was used as a template with primers containing the Illumina
adaptor sequence and universal V4 region of 16S rRNA gene, and
amplification was done in triplicate using the Maxime PCR PreMix Kit,
iNtRON (Republic of Korea). The acquired PCR products were further
gel-purified using an AccuPrep Gel Purification kit (Bioneer Inc., Re-
public of Korea). All obtained DNA were quantified using Qubit (Invi-
trogen, CA, USA), after which equimolar purified amplicons were pooled
and stored at -20 �C until sequenced. Then, amplicons were sequenced
using the Illumina MiSeq platform at Macrogen Inc. (Seoul, Republic of



Table 1
Primer sets used for detection of bacterial isolates.

Bacterial strains Primer Name Primer sequence (50 to 30) Annealing temp. �C product size (bp) References

E. coli URL-301 TGTTACGTCCTGTAGAAAGCCC 55/30 sec. 153 [40]
URR-432 AAAACTGCCTGGCACAGCAATT

Salmonella SAL-1F GTA GAA ATT CCC AGCGGG TAC TG 60/30 sec. 438 [41]
SAL-2R GTA TCC ATC TAGCCA ACC ATT GC

Pseudomonas PA-GS-F GACGGGTGAGTAATGCCTA 54/20 sec. 610 [42]
PA-GS-R CACTGGTGTTCCTTCCTATA

Listeria S1F AGT CGG ATAGTA TCC TTA C 60/30 sec. 460 [43]
S1R GGC TCT AAC TAC TTG TAG GC

Staphylococcus clfA-F GCAAAATCCAGCACAACAGGAAACGA 55/30 sec. 638 [44]
clfA-R CTTGATCTCCAGCCATAATTGGTGG
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Korea) according to the manufacturer's instructions.
2.6. Statistical analyses

Statistical analysis was carried out using the software version 5.0
(USA) of GraphPad Prism. A Pearson correlation to clarify the possible
correlation in test biofilm samples between the concentrations of
explored bacterial lineages and two-way analysis of variance (ANOVA)
and Student's t-test were performed to evaluate significance (P < 0.05)
between the source of biofilm samples (kitchen and bathroom).

3. Results and discussion

3.1. Enumeration and isolation of bacterial lineages from biofilm

Water and drainage pipes contain different microbial communities,
including bacteria, viruses, and fungi, especially in biofilm formation.
Besides, showerhead and sink drains biofilm plays a major role as one of
the possible sources of infection [46, 47]. To explore the bacterial com-
munities in natural biofilm, a culture-dependent method was used to
detect five potential bacterial pathogens including E. coli, Salmonella
enterica, Pseudomonas aeruginosa, Staphylococcus aureus and Listeria
monocytogenes. To confirm the culture based characterization, the isolates
were further identified using PCR and Biolog GEN III.

Colony forming units of E. coli numbers in kitchen biofilm samples
(3.8� 102 to 8.0� 107 CFU/10 cm2) were higher than those in bathroom
biofilm samples (1.6 � 102 to 6.2 � 104 CFU/10 cm2). Furthermore,
E. coli counts were the highest in all biofilm samples among the tested
biofilm pathogens (Fig. 1). Few studies have shown the confirmation of
E. coli biofilm in the water networks [48, 49]. Total numbers of Salmo-
nella enterica cells varied from 5.9 � 102 to 1.7 � 106 CFU/10 cm2. The
highest Salmonella enterica counts were observed in kitchen drainage pipe
biofilm samples (Fig. 1). Statistically, results found up that there are good
correlations with high significance between tested bacteria lineages in
biofilm. These results are Comparable with those reported by Hemdan
et al. [50], who explained that pathogens are present in biofilm samples
because of their capability to form biofilm on different surfaces under
different environmental conditions, and these pathogens may act as a
Fig. 1. Average counts of some bacterial pathogens in household biofilm samples, * i
0.01), *** indicated to high correlation (P � 0.001).
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potential sources of food borne bacterial illness. Salmonella can form
biofilm on plastics [51]. Moreover, bacterial pathogens can be found in
water supplies due to their ability to colonize surfaces and replicate in
biofilm of distribution system pipes and other microhabitats. Meanwhile,
pipes that transport drinking water through municipal drinking water
distribution systems (DWDS) are challenging habitats for microorgan-
isms. Distribution networks are dark, oligotrophic and contain disinfec-
tants; yet microbes frequently form biofilm attached to interior surfaces
of DWDS pipes [52, 53].

The results shown in Fig. 1 (a, b) indicate that the total numbers of
Listeria, Staphylococcus aureus and Pseudomonas aeruginosa cells varied
from 1.2� 103 to 5.3� 105, 2.1� 102 to 9.2� 105 and 1.3� 102 to 1.0�
105 CFU/10 cm2 in kitchen biofilm samples, respectively. While in the
bathroom samples, they were 2.5 � 102 to 7.2 � 102, 2.7 � 102 to 3.5 �
103 and 1.1 � 102 to 5.7 � 103 CFU/10 cm2, respectively. These results
may be due to the washing of contaminated vegetables and fruits that
were irrigated by insufficiently treated wastewater, which may be a
source of non-pathogenic and pathogenic microbes. Several studies have
identified sink drains in households as possible cause of outbreaks [50,
54]. In addition, the kitchens and bathrooms of households have been
found to contribute to the transmission of pathogenic bacteria [55].
Many microbes can cause infections at low doses since they can survive
from several hours to weeks on the moist surfaces of kitchens and
bathrooms [56]. The minimal infectious doses for E. coli and Salmonella
were ranged from 106 to 108 and 104 to 107 cells, respectively while for
Staphylococcus aureus and Listeria monocytogenes were ranged from 103 to
108 and from 10 to 108 cells in healthy people [57, 58, 59]. Moreover,
Pseudomonas aeruginosa which considered as an opportunistic pathogen
and is able to colonize healthy people without disease, their infectious
dose is still unknown [60, 61]. These harbor pathogens, originating from
various sources such as infected individuals, unclean food and inhaled
contaminated water, could always be distributed and transmitted in
various ways, such as food manufacturing and regular contact with
heavy-density surfaces of pathogenic bacteria [62].

In parallel with identification using the Biolog system, identification
using the molecular PCR method with genus- and lineages -specific
oligonucleotide primers was performed according to Sandle et al. [63]
and Chojniak et al. [64]. As shown in Table 2, the accuracy percentages
ndicated to low correlation (P � 0.05), ** indicated to moderate correlation (P �



Table 2
Number and percentage of bacterial biofilm isolates isolated from different sink drainage pipes confirmed by Biolog GEN III and PCR.

Biofilm Sample E. coli Salmonella Pseudomonas Staphylococcus Listeria

Biolog PCR Biolog PCR Biolog PCR Biolog PCR Biolog PCR

þ % þ % þ % þ % þ % þ % þ % þ % þ % þ %

Kitchen 37 61.6 49 81.6 43 71.6 52 86.6 48 80 58 96.6 44 73.3 53 88.3 39 65 51 85
Bathroom 16 80 18 90 13 65 20 100 10 70 20 100 13 65 19 95 14 70 18 90
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of all confirmed isolates via Biolog were lower than those of PCR. Thus,
PCR is more accurate for the confirmation of bacterial isolates than the
phenotypic method (Biolog GEN III). This improved efficacy may occur
because PCR is able to detect the nucleic acids of bacteria, while Biolog
GEN III depends on their metabolic activities. The DNA-based methods
are superior to conventional automated phenotypic systems [27, 28, 38].

The findings are graphically illustrated in Fig. 2. In terms of the
confirmation of kitchen biofilm bacterial isolates, the accuracy percent-
ages of E. coli, Salmonella entrica, Pseudomonas aeruginosa, Staphylococcus
aureus and Listeria monocytogenes using Biolog GEN III were 61.6, 71.6,
65, 73.3 and 80%, respectively. Since the percentages for PCR were
higher than those of the Biolog GEN III results in Fig. 2, it can be
concluded that the usage of PCR for bacterial confirmation in biofilm
samples is preferable. Furthermore, PCR is a promising method for
detecting and confirming the pathogens originating in biofilm due to its
accuracy related to difficult-to-identify isolates [65]. In contrast, the
conventional phenotypic systems require a prolonged cultivation period
for the suspected bacteria and pure bacterial cultures for different
biochemical assays [66]. One key to the effective use of such systems is
the ability to draw upon databases that can be augmented with new data
gleaned from atypical or novel isolates [35].
Fig. 3. Relative taxonomic distribution of different bacterial phylogenetic
groups in biofilm collected from kitchen and bathroom drainage pipes. Analysis
of 16S rRNA gene sequences was done in comparison with the RDP database.
3.2. Next generation sequencing (NGS)

The present study clarify a profile of the bacterial community struc-
ture of natural biofilm by conducting a taxonomic analysis using NGS
based on Ribosomal Database Project (RDP) Classifier with read length of
>250 bp identified sequences. The results revealed that the Proteobacteria
had the highest relative abundance of OTUs on the two natural biofilm
samples. Through a comparison of kitchen and bathroom biofilm sam-
ples, the results show that the OTUs for the kitchen biofilm had lower
relative abundance than those of bathroom biofilm (62% and 75%,
respectively). In addition, the relative abundance of OTUs for Bacter-
oidetes in kitchen biofilm (18%) was lower than that in bathroom biofilm
(19%). Moreover, the phyla Candidatus Saccharibacteria and Firmicutes
had the highest relative abundances of OTUs (8%) in kitchen biofilm. The
data presented in Fig. 3 reveal that the variation of bacterial structure
Fig. 2. Accuracy percentages of bacterial isolates confirmation via Biolog GEN III sy
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community for both kitchen and bathroom biofilm is very large.
Furthermore, the bacterial community structure differed between
kitchen and bathroom biofilm.

In contrary, Schmeisser et al. [67], Sim~oes et al. [68] found that
Betaproteobacteria was the most dominant class in their samples and this
may be due to various reasons. The source of pathogenic microorganisms
was different in the two studied biofilm. While the main source of mi-
croorganisms in kitchens that can form biofilm is the water resulting from
uncooked meat and vegetable waste [11, 12].

The main source of bathroom microorganisms is the water resulting
from domestic hand and face washing. Furthermore, the differences in
findings may be attributed to the differences in the growth stages and
stem and PCR from biofilm collected from kitchen (a) and bathroom drains (b).
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ages of the studied biofilm. These results support other studies that have
reported the development of a greater biofilm biomass on metals than on
plastics. Furthermore, NGS analysis provides an effective supplementary
tool in taxonomic analysis based on 16S rRNA genes. Moreover, NGS has
helped microbiologists reveal the genome of the rest of the 99% of non-
cultivable microbes, which enables a better understanding of global
microbial ecology and has helped meet the current demand for novel
enzymes [69].

Based on the taxonomic results, Proteobacteria, particularly Alphap-
roteobacteria, were dominant in the natural biofilm collected from
kitchen (Fig. 4). This finding agrees with other studies, indicating that
Fig. 4. Hierarchical tree representing taxonomic relationships of most abundance
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biofilm harboring opportunistic pathogens are common issues [70, 71].
Furthermore, these findings are well matched with those reported by
Chao et al. [72], who found that the relative abundance of Proteobacteria
was larger than that of other phyla. These proteobacteria include a wide
range of pathogens such as Escherichia, Vibrio and Salmonella and many
other common genera [73]. However, other studies have reported con-
trary results, with Betaproteobacteria, rather than Alphaproteobacteria,
as the most dominant class in their biofilm, which might be attributable
to several explanations, including differences among applied molecular
methods.

At the family level for Bacteroidetes, Flavobacteriaceae (2809 OTUs),
bacterial community structure of kitchen biofilm classified by RDP Classifier.



Table 3
Hierarchy classification in order with counts in kitchen (a) bathroom (b)
household biofilm.

Type of sample Hierarchy classification

Domain Phylum Class Order Family Genus

Kitchen Biofilm 1 19 35 63 117 256
Bathroom Biofilm 1 18 37 56 95 435
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Bacteroidaceae (1917 OTUs) and Porphyromonadaceae (1529 OTUs)
were the most dominant families present (of all sequences, as shown in
Fig. 4). At the genus level, there was no significant difference in bacterial
Fig. 5. Hierarchical tree representing taxonomic relationships of most abundance b

6

communities in the kitchen biofilm samples - Cloacibacterium (2142
OTUs), Bacteroides (1917 OTUs), and Prevotella (1167 OTUs).

At the family level for Firmicutes, significant differences were
observed in the bacterial communities. Veillonellaceae (2925 OTUs),
Acidaminococcaceae (142 OTUs), Lachnospiraceae (52 OTUs), and
Clostridiaceae 1 (35 OTUs) were the most dominant families present. At
the genus level, there was no significant difference in bacterial commu-
nities in the kitchen biofilm samples - Propionispira (1256 OTUs), Pro-
pionispora (581 OTUs), and Anaerosinus (343 OTUs). At the genus level,
there was a significant difference in the bacterial communities in the
kitchen biofilm samples. Pseudoxanthomonas (1923), Novosphingobium
(2458 OTUs), Klebsiella (712 OTUs), Arcobacter (759 OTUs), Desulfovibrio
acterial community structure of bathroom biofilm classified by RDP Classifier.
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(758 OTUs), Escherichia/Shigella (396 OTUs), Enterobacter (395 OTUs),
Rhodobacter (365 OTUs), and Pseudomonas (156 OTUs) were the nine
major genera present in the kitchen samples (of all sequences, as shown
in Fig. 4).

The numbers of phyla in the kitchen and bathroom biofilm samples
were 19 and 18, respectively. Despite the low variance in the identified
number of bacterial phyla and classes found in the two biofilm sampling
sites, the number of OTUs at the family level in kitchen biofilm samples
was 117 compared to 95 in bathroom samples. Despite the kitchen bio-
film having the highest family numbers, the number of genera was only
256. Moreover, the number of OTUs at the genus level in bathroom
biofilm was 435 (Table 3).

At the family level for Proteobacteria, significant differences were
observed in bacterial communities (P< 0.01). Xanthomonadaceae (7541
OTUs), Caulobacteraceae (5246 OTUs), Rhodocyclaceae (4994 OTUs),
Comamonadaceae (4552 reads), Erythrobacteraceae (3838 OTUs), Hel-
icobacteraceae (2722 OTUs), Chromatiaceae (1659 OTUs), Geo-
bacteraceae (1636 OTUs), Sphingomonadaceae (1587 OTUs),
Pseudomonadaceae (1383 OTUs), and Moraxellaceae (1323 OTUs) of all
sequences, as shown in Fig. 5, were the most dominant families detected.
At the genus level, there was a significant difference in bacterial com-
munities in the bathroom biofilm samples. Sulfuricurvum (2713 OTUs),
Aquabacterium (553 OTUs), Azospira (47,836 OTUs), Bosea (514 OTUs),
Porphyrobacter (3317 OTUs), Brevundimonas (1392 OTUs), Pseudox-
anthomonas (5776 OTUs), Rheinheimera (1659 OTUs), Acinetobacter
(1227 OTUs), Pseudomonas (1048 OTUs), and Geobacter (1620 OTUs)
were the eleven major genera present in the bathroom biofilm samples
(of all sequences, Fig. 5).

At the family level for Bacteroidetes, Flavobacteriaceae (7597 OTUs)
was the most dominant family present, followed by Porphyr-
omonadaceae (1727 OTUs). At the genus level, there was no significant
difference in bacterial communities in the biofilm of bathroom samples.
Cloacibacterium (6948 OTUs) and Macellibacteroides (1308 OTUs) were
the two major genera present in the bathroom biofilm samples. At the
family level for Firmicutes, significant differences were observed in
bacterial communities. Clostridiales_IncertaeSedis XII (516 OTUs), fol-
lowed by Veillonellaceae (276 OTUs), were the most dominant families
present (of all sequences, Fig. 5). At the genus level, there was no sig-
nificant difference in bacterial communities in the bathroom biofilm
samples – Fusibacter (516 OTUs) and Propionispira (85 OTUs). Accord-
ingly, NGS has the potential to be used for routine environmental
monitoring.

In environmental monitoring, NGS technologies are of great interest
[74] and have been used to realize phylogenetic and NGS analyses [75].
NGS has also been used to both improve the barcoding approach [76] and
to estimate biodiversity, especially in fresh water [77]. However, biofilm
of domestic drains are well known to harbor large numbers of different
microbial communities. Many of the microbes identified in the present
study are related to typical natural biofilm, and their presence in biofilm
has been described in many studies. The bacterial communities present in
two samples from kitchen and bathroom biofilm were analyzed using
amplicon NGS of the V1–V2 and V3 regions of the 16S rRNA gene. Based
on the NGS results, Proteobacteria, in particular Alphaproteobacteria,
were dominant in the biofilm of the kitchen domestic drains, followed by
Gammaproteobacteria. In contrast, in the biofilm of bathroom domestic
drains, Gammaproteobacteria were dominant, followed by Alphapro-
teobacteria. In addition, the findings of the present study are similar to
the analytical results of several previous studies [70, 71] that also
observed Alphaproteobacteria as dominant in biofilm.

4. Conclusion

Getting assumed that microbiological populations could vary be-
tween biofilm samples obtained from kitchen and bathroom drains.
Although cultivation techniques are popularly used, they do not detect
the entire spectrum of particularly uncultivable bacteria. Data shows that
7

the bacterial isolates are being confirmed using both PCR and Biology.
Precision of PCR in confirmation of the bacterial isolates is higher than
Biolog. As well, results of NGS also are given better information about
most prevalent phyla, family, genera and lineage numbers of bacteria.
The results of this research illustrate that Proteobacteria are the largest
relative abundance on the two natural biofilm samples. From the ob-
tained results, it can be concluded that the densities of tested bacterial
strains presented in biofilm of kitchen drains were greater than biofilm
existing in bathroom drains. In spite of small sample size, the current
investigation provides good information about presence of various types
of lineages in biofilm development especially in domestic drain conduits,
further studies must be performed in near future.
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