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ABSTRACT

The present review aimed to reveal the role of (GTG)s-PCR microbial typing in indicating the routes and
source of infections, investigate the outbreaks and genotypes of clinical strains, as well as finding
virulent strains and epidemiology of bacterial isolates. All available and published data in Google
scholar, PubMed, ResearchGate, and Science Direct during the past two decades that used the (GTG)s-
PCR method for genotyping the bacterial isolates were included in the current study. The findings have
indicated that (GTG)s-PCR can be recommended as a possible, cost-effective, fast, and easy tool for
molecular typing of bacterial isolates.
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INTRODUCTION

It is of utmost importance to understand clonal relatedness between the microbial strains since it can help to
identify the source and routes of infections, examine the outbreaks, detect cross-transmission of healthcare-
associated pathogens, distinguish particularly virulent strains and assess the efficacy of control measures (Tenover
et al., 1997; MacCannell, 2013; Rafei et al., 2014). Bacterial typing has also helped in the improvement of
monitoring programs and provided important data for public health prevention strategies.

The traditional typing methods were based on phenotypic typing while modern molecular methods are based on
genome components of bacteria (Bradford, 2018). Antibiogram, biotyping, serotyping, and phage typing are
examples of traditional epidemiological typing methods that have sometimes been effective in understanding the
epidemiology of infectious diseases. Serotyping, phage typing, and antibiotic resistance patterns could provide
useful information for short-term epidemiological studies in pathogens worldwide (Tenover et al.,, 1997
MacCannell, 2013). However, conventional methods are of various types, which are labor-intensive and time-
consuming in epidemiological investigations (MacCannell, 2013). As a result, DNA-based typing methods play a
significant role in the analysis of most microbial pathogens’ epidemiology.

Numerous epidemiological typing systems have been used, with a diverse armamentarium ranging from non-
molecular techniques to more advanced molecular typing technologies. The most widely utilized molecular typing
methods include the DNA-based methods, particularly restriction endonuclease analysis of genomic and plasmid
DNA, southern hybridization analysis with the use of specific DNA probes, plasmid profiling, chromosomal DNA
profiling using either pulse-field gel electrophoresis or polymerase chain reaction (PCR)-based methods (Tenover et
al., 1997; MacCannell, 2013). Molecular genetic techniques, such as PCR, nucleic acid fingerprinting, DNA sequence
analysis of bacterial chromosomes are important techniques in identifying the prevalence of nosocomial infections, food
contamination reservoirs or the release of pathogenic plant strains into the environment, and isolation of specific
genotypes in conjugation with a particular bacterium (Ranjbar et al., 2008).

However, the aforementioned methods also have been recognized with some disadvantages, such as the need for
special tools, considerable cost, and time-consuming procedure. Regarding this background, the present study aimed to
review the importance of using (GTG)s-PCR as a simple and low-cost method for subtyping bacterial isolates.

Sources
All available and published data in Google scholar, PubMed, ResearchGate, and ScienceDirect that used the
(GTG)s-PCR method for genotypes of A. baumannii isolates were included in the current study.
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Subtyping of bacterial isolates

Genetic variation in the genome of bacteria causes a molecular typing method to determine bacterial strains. For
microbial typing of bacteria, many approaches are available; however, each of them has its own merits and demerits that
make it useful in some studies and restrictive in others. High discriminatory power, good reproducibility, the simplicity
of the method, simple interpretation of the results, and low costs of the method are important issues to choose an
approach as a typing method (Li et al., 2009).

(GTG)s-PCR

This method is effective in screening a large number of bacterial strains and it is beneficial for intraspecies
differentiation and identification of bacterial genomes. Indeed, (GTG)s-PCR is a type of repetitive extragenic
palindromic (rep)-PCR that amplifies the (GTG)s repetitive element which lays throughout the bacterial genomes
(Gevers et al., 2001). This PCR-based method can be used for a broad range of Gram-negative bacteria and a narrow
range of Gram-positive bacteria (Gevers et al., 2001; Kathleen et al., 2014).

Acinetobacter baumannii

There are a few studies on molecular typing of A. baumannii using the (GTG)s-PCR. Huys et al. (2009) presented
that (GTG)s-PCR was a reliable and cost-efficient tool to differentiate members of pan-European multi-resistant A.
baumannii (MAB) clone 111 from different MAB clones isolated from the University Hospital of Ghent, Belgium (Huys
et al., 2009). In another study, the (GTG)s-PCR-based typing method was used to differentiate A. baumannii strains
recovered from hospitals of Tehran, Iran. The findings of this research highlighted the high power of typing since more
than 95% of the isolates were typable and (GTG)s-PCR differentiated the strains into 13 (GTG)s clusters (Ranjbar and
Babazadeh, 2021).

Staphylococcus species

The highly resistant coagulase-negative staphylococci are important factors of nosocomial diseases and veterinary
infections. The identification of staphylococcal species using traditional biochemical tests is not efficient due to the
increase in the number of known subspecies. There are many reports for genotypic and phenotypic detection of
staphylococci (Braem et al., 2011). A study conducted on 35 type strains and 253 field isolates of Staphylococcus
species indicated (GTG)s-PCR fingerprinting is a useful method to determine the identity of bovine Staphylococcus
species. (GTG)s-PCR fingerprinting achieved a typeability of 94.7% and an accuracy of 94.3%, compared to
identifications based on gene sequencing in this study (Stepan et al., 2004). Novakova et al. (2010) By using rep-PCR
using the (GTG)5 primer could differentiate Staphylococcus microti DSM 22147 from viscera of common voles.

Lactobacilli species

Svec et al. (2011) used the (GTG)s-PCR to characterize vaginal lactobacilli. It is declared that (GTG)s-PCR is a
simple, beneficial, and rapid method for the identification of many vaginal lactobacilli isolates and also suggested that
this method can be more reliable in combination with other techniques (Svec et al., 2008; Svec et al., 2011).

Salmonella species

Salmonella enterica Serotype 4,[5],12:i:- is an emerging serotype with worldwide distribution and a significant
infection rate of humans and domestic animals (Yang et al., 2015). The methods of BOX-AlR-based (BOX)-PCR,
repetitive extragenic palindromic (REP)-PCR, enterobacterial repetitive intergenic consensus (ERIC)-PCR, and GTG5-
PCR were compared in a study. The findings indicated that both the high average number of amplicons bands and high
value of discrimination index suggested BOX-PCR and GTG5-PCR as better molecular typing methods than REP-PCR
and ERIC-PCR in their capability to distinguish among closely genetically related S. 4,[5], 12:i:- isolates in hospitalized
patients and minced pork samples. Also, BOX-PCR and GTG5- PCR generated more clusters for each serotype from the
same and different sources (Poonchareon et al., 2019).

Klebsiella species

Klebsiella pneumoniae is a Gram-negative nosocomial pathogen detected in many infectious diseases, such as
bacteremia, pneumonia, urinary tract infections, and in patients with underlying diseases (Shakib et al., 2012; Mancini et
al., 2018). The pathogenicity of this organism is notable because of its ability to produce some important enzymes which
destroy an extended spectrum of antimicrobial agents (Shakib et al., 2012). In a study, 88 K. pneumoniae isolates were
subjected to (GTG)s—PCR assay, and the strains were differentiated into 9 clusters which showed the ability of this
method for molecular typing of K. pneumoniae strains (Ranjbar and Afshar, 2019).
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Streptococcus species

Svec et al. (2008) evaluated the (GTG)s-PCR for the fast screening of bacterial strains isolated from dental plaque
of children with early childhood caries. It is proposed that the (GTG)s-PCR fingerprinting is a fast and valid method for
the identification of Streptococcus Mutans, compared to other used molecular typing methods (Svec et al., 2008).

Campylobacter species

Campylobacteriosis is one of the most common zoonotic diseases derived from the consumption of contaminated
poultry meat (Poonchareon et al., 2019). There are few studies that assay the Campylobacter species via (GTG) 5-PCR.
In one study conducted in Cape Town for eight years, DNA fingerprinting using (GTG)s was performed to type 100
isolates of Campylobacter concisus strains. The findings of a study conducted by Matsheka et al. (2006) provided that
homologous lineages of C. concisus may belong to a heterogeneous species complex. The mentioned study also
confirmed the discriminability and simplicity of (GTG)s-PCR (Matsheka et al., 2006).

Escherichia coli

Extraintestinal Escherichia coli, the main cause of colibacillosis in chickens, also cause different infections in
humans, such as neonatal meningitis, urinary tract infections, and sepsis (Mellata, 2013). Knowing the abundance of this
bacterium in its natural source is very strategical for controlling the occurrence of infectious agents in humans and
animals. A study on the feces of many poultry and free-living birds revealed that from 95% to 70.7% of fecal E. coli
isolates were classified into the correct host source (Mohapatra et al., 2008).

Enterococcus species

Many phenotypic and molecular methods have been described for the identification of enterococci (Domig et al.,
2003). The rep-PCR with (GTG)s primer has also been presented as a reliable method for species identification of all
enterococci strains which grouped clearly into well-separated clusters and representing single species (Svec et al., 2005).

Yersinia species

Huang et al. (2013) analyzed the variation of molecular characteristics of Yersinia ruckeri isolates collected in
northwest Germany and reported that this method was one of the best methods of molecular typing, compared to the
methods which could obtain four patterns of Yersinia ruckeriisolates. In order to compare the obtained molecular
profiles of Yersinia enterocolitica, rep-PCR method was suggested using the primer (GTG) 5 (Versalovic et al., 1994).
Regarding rep-PCR, the comparison revealed that the contaminated pigs with Yersinia enterocolitica could carry the
microorganism to different points in the abattoir environment (Moreira et al., 2019).

Vibrio species

Ben-Haim et al. (2003) studied the Vibrio coralliilyticus species and found that the inner AFLP and GTG5-PCR
pattern similarities were higher than 64 %. Balcazar et al. (2010) suggested that rep-PCR fingerprinting technique using
(GTG)5-PCR allowed differentiating V. alginolyticus and V. splendidus in epidemiological analyses, particularly in large
studies and critical situations.

Other bacterial species

Kathleen et al. (2014) reported (GTG)5 PCR is useful in the differentiation of unknown bacterial isolates. De
Vuyst et al. (2008) found some new Acetobacter species and reported (GTG)5-PCR DNA fingerprinting was useful for
the identification and classification of acetic acid bacteria to the species level. Acetic acid bacteria Gram-negative,
ellipsoidal to rod-shaped, obligate aerobic bacteria that currently classified into 10 genera and 44 species, such as
Acetobacter and, Gluconacetobacter species. It is reported Rep-PCR using (GTG)s could provide better differentiation
of the isolates of Listeria monocytogenes than did RAPD PCR and resulted in discrimination of the isolates into a larger
number of unique profiles (Hadjilouka et al., 2014).

CONCLUSION

The current study supports the idea that (GTG)s-PCR is a possible, cost-effective, and easy technique for molecular
typing of bacterial isolates; however, these data can be compared to more known typing techniques.
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