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Abstract: The aim of this review was to investigate the effectiveness of the Human Oral Microbe 

Identification Microarray (HOMIM) in identifying and quantifying bacterial species of the oral mi-

crobiome in periodontal disease. The search for articles was conducted in CENTRAL, CINAHL, 

MEDLINE and EMBASE by two reviewers, and included articles published in English between Jan-

uary 1990 and December 2021. The selected articles were human observational studies in adults 

between 18 and 65 years, presenting specific predefined keywords. Articles were initially selected 

by title and abstract; articles that met the inclusion criteria were analyzed for methodological quality 

using a detailed checklist for quality assessment. Data were extracted and reported using the 

PRISMA tool. The study design, sample, follow-up period, collection and microbial analysis meth-

ods, statistical treatment, results and discussion were quality assessed and risk of bias was evaluated 

using the Cochrane Risk-of-Bias tool. A narrative synthesis approach was used to synthesize and 

interpret the extracted data. From the initial search, 2931 articles were retrieved; 51 of these were 

then selected after screening by title and abstract. Subsequently, 8 articles met the inclusion after 

full-text reading and were classed according to methodological quality as high (2), moderate (3) or 

low (3). Studies included in this review were of high and medium quality. Data from the Human 

Oral Microbe Identification Microarray (HOMIM) provide much more robust results, showing ma-

jor shifts between periodontal health and periodontal disease. Compared to earlier techniques such 

as Denaturing Gradient Gel Electrophoresis (DGGE), HOMIM represents a more effective approach 

for quantification due to its high sensitivity; thus, it is able to identify a high prevalence of perio-

dontal pathogens and novel species in low abundance. The literature provides moderate evidence 

that the Human Oral Microbe Identification Microarray (HOMIM) is more effective in identifying 

and quantifying bacterial species of the oral microbiome in periodontal disease, compared to earlier 

molecular and non-molecular methods such as Denaturing Gradient Gel Electrophoresis (DGGE) 

and a culture-based approach with phenotypic tests. 

Keywords: HOMIM; oral microbiome; oral pathogen; periodontal pathogens; periodontitis;  

identification of oral pathogens 

 

1. Introduction 

Periodontal disease is a multifactorial, chronic inflammatory disease of the mouth 

involving the gingiva, teeth and alveolar bone, initiated and sustained by an aberrant host 

immune response against resident bacterial biofilm on the teeth [1]. It is usually charac-

terized by loss of connective tissue attached to the teeth and alveolar bone loss thus if left 

untreated can cause exfoliation of the tooth [2]. Gingivitis and periodontitis are the most 

frequent types of periodontal diseases; the former is characterized by inflammation con-

fined to the gingiva and is reversible with good oral hygiene, while the latter is mostly 
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irreversible and is usually characterized by extended inflammation, resulting in tissue de-

struction and alveolar bone resorption [3]. Furthermore, in periodontitis, periodontal 

pockets are formed between the gingiva and the tooth due to the breakdown of collagen 

fibers of the periodontal ligament as a result of the tissue destruction mentioned above 

[2]. Research shows that periodontitis is a highly prevalent disease globally, with its mild-

est form having a prevalence of 45–50% in adults and its most severe form estimated to 

affect 10–15% of adults in most populations [4]. Current research unequivocally confirms 

diabetes as a major risk factor for periodontitis, with the prevalence of periodontitis esti-

mated to be two to three times higher in diabetics than in an otherwise healthy population 

[5]. 

The terms “oral microbiome”, “oral microflora” or “oral microbiota” are commonly 

used to describe the microbial community within the human oral cavity [6]. Research has 

identified over 700 bacteria species in the human oral cavity, with 400 identified from the 

periodontal pockets and 300 from other oral sites such as the tongue, oral mucous mem-

branes and carious lesions [7]. These bacteria can be classified into different categories 

based on their Gram stain results (Gram-positive or Gram-negative bacteria), their shape 

(coccus, bacillus or spirochetes) and their tolerance to oxygen (aerobic, facultative anaer-

obes, microaerobic or obligate anaerobes) [8]. Some known oral pathogens are believed to 

contribute to the development of oral diseases such as dental caries and periodontal dis-

eases [9], as well as systemic diseases such as Diabetes Mellitus, cardiovascular diseases 

and the development of tumors [6]. In healthy populations, organisms such as Streptococ-

cus salivarius and Rothia mucilaginosa are usually predominant in the oral microbiome [10]. 

However, with the development of periodontitis, organisms such as Porphyromonas gingi-

valis, Tannerella forsythia, Treponema denticola and Aggregatibacter actinomycetemcomitans be-

come more dominant within the oral community [11]. 

The isolation and identification of oral organisms can be difficult because oral micro-

organisms are numerous and composed of diverse species and new genera and species 

are constantly being discovered, while the classification of some previously discovered 

species changes with time. Earlier methods such as Denaturing Gradient Gel Electropho-

resis (DGGE) have been used to identify oral bacteria, and DGGE was first introduced to 

microbial ecology by a study in 1993 [12]. This technique separates short-to-medium-

length Polymerase Chain Reaction (PCR)-amplified DNA fragments according to their 

melting point [13]. The technique works on the basis that DNA fragments of the same size 

but with differing base pair sequences can be separated, and this separation by DGGE 

relies on the electrophoretic mobility of partially denatured DNA molecules in a poly-

acrylamide gel [14]. Studies have, however, shown that current 16S rRNA sequence hy-

bridization methods such as Human Oral Microbe Identification Microarray (HOMIM) 

are more effective in providing a comprehensive representation of the oral bacterial com-

munity [7,15–17]. HOMIM, first introduced in 2008, is a custom array-based approach that 

utilizes specially designed probes to detect over 300 of the most prevalent bacterial species 

[17]. Briefly, 16S rRNA-based oligonucleotide probes are covalently attached to aldehyde-

coated slides [7]. The 16S rRNA gene are PCR amplified from bacterial DNA extracts and 

are labelled with fluorescent dye, producing a fluorescent signal when the bacterial DNA 

hybridizes to a specific spot on the slide [15]. The output data from the HOMIM assay are 

usually merged onto the Human Oral Microbiome Database (HOMD), which is based on 

a curated 16S rRNA gene-based provisional naming scheme that provides comprehensive 

information on the prokaryote species present in the human oral cavity [9]. 

This review will focus on investigating the effectiveness of the Human Oral Microbe 

Identification Microarray (HOMIM), a current molecular profiling technology used for 

identifying and quantifying bacterial species of the oral microbiome in periodontal dis-

ease. The objective of this study is to compare this current profiling technology to earlier 

identification methods such as Denaturing Gradient Gel Electrophoresis (DGGE). 
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2. Materials and Methods 

The following databases were searched by two independent researchers (S.J., E.B.) 

from their January 1990 records through March 2021: MEDLINE via PubMed, EMBASE, 

The Cochrane Central Register of Controlled Trials (CENTRAL) and CINAHL. The strat-

egy was developed for MEDLINE using controlled vocabulary, with words derived from 

“Medical Subject Headings” (MeSH) associated with free terms relevant to the topic in 

question (Table 1). The search strategy and the flow of information through the different 

phases of the systematic review were established according to the PRISMA statement for 

systematic reviews and metanalysis. In total, 18 articles were selected, evaluated and clas-

sified by two independent readers (S.J., E.A.); the full-text article was obtained whenever 

a study seemed to meet the inclusion criteria, but complete information was lacking. By 

using a pre-defined data-extraction form, the reviewers independently extracted the data 

on characteristics of the study population, length of follow-up, interventions and out-

comes. The results of both readers were compared, and eventual differences were re-

solved by discussion. 

Table 1. Summary of keywords used for database search. 

periodontitis OR periodontal disease OR periodontal infection OR periodontal diseases OR adult periodontitis OR 

chronic periodontitis OR aggressive periodontitis OR juvenile periodontitis OR localized periodontitis.  

AND 

oral microbiota OR oral microbiology OR oral microorganism OR oral microbiome OR oral pathogen OR oral patho-

gens OR oral biofilm OR red complex OR orange complex OR oral bacteria OR oral bacterial species OR oral subgingi-

val microbiome OR gingivitis OR treponema OR forsythia OR denticola OR actinomycetemcomitans OR buccal mu-

cosa microbiome OR hard palate microbiome OR keratinized gingiva microbiome OR saliva microbiome.  

AND 

molecular profiling OR molecular profiling technology OR NGS OR DGGE OR DNA probes OR sequencing OR next-

generation sequencing OR metagenomics OR denaturing gradient gel electrophoresis OR culture-based approach OR 

genetic fingerprinting OR Human Oral Microbe Identification Microarray OR HOMIM OR HOMINGS OR 16S rRNA 

profiling OR HOMD. 

Initially, all articles were selected by title and abstract; articles with duplicate records 

were considered only once. The publications selected were essentially observational clin-

ical studies conducted in humans. They were required to quantify and characterize the 

bacterial species and periodontal pathogens in the oral microbiome using HOMIM or 

DGGE. Afterwards, inclusion and exclusion criteria were applied. The following inclusion 

criteria were applied: observational clinical studies in humans aged between 18 and 65 

years; presence of periodontal disease; DNA extraction of samples collected from the sub-

gingival plaque in the mouth. Conversely, the exclusion criteria were inclusion of humans 

under 18 years or over 70 years; inclusion of patients with systemic diseases or under any 

condition that could influence oral microbiota or periodontal support tissues; antibiotic 

therapy three months before and during the study; absence of periodontal disease; studies 

written in any other language than English. At this stage, if articles did not meet any ex-

clusion criteria but met part of the inclusion criteria, they were included. 

Subsequently, full text articles were read and those that met the inclusion and exclu-

sion criteria were carefully analyzed and qualified according to their methodological as-

pects, as described in Table 2. A detailed checklist for quality assessment was adapted for 

this review, based on the study design, sample, follow-up period, collection and DNA 

extraction methods, statistical treatment, results and discussion [18]. The selected articles 

were finally classified according to the total score after qualification. Their methodological 

quality was classified as high (score 7 to 8), moderate (score from 5 to 6.9) or low (score 

from 0 to 4.9) (Table 3). Those classified as low were excluded. A hand search was per-

formed to complement the previous searches, by which the references of the selected 
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articles were analyzed. The Cochrane Collaboration tool for assessing risk of bias was 

used in the included studies [19]. The following domains were evaluated as having low, 

high or unclear risk of bias: random sequence generation, allocation concealment, blind-

ing, incomplete outcome data, selective outcome reporting and other potential bias. 

Table 2. Methodological quality score [18]. 

Score Protocol Maximum Score (8 Points) 

1. Study design: An overview of the study’s design 0.2 

2. Participants 1.2 

 Sample standards: Criteria for inclusion and exclusion of participants 0.2 

 Sample characterization: Participant number and characteristics 0.2 

 Sample size calculation 0.6 

 Ethics: Ethical evidence  0.2 

3. Collection methods 3.0 

 Control of factors influencing collection: removal of supragingival plaque and debris - 

4. DNA extraction: Extraction method described adequately 3.0 

5. Statistical analysis: Test applied and significance level adequately indicated 0.2 

6. Results: An adequate description and presentation of results (with all results presented, com-

parisons between them, explanations of participant dropouts) 
0.2 

7. Discussion: A discussion of the findings presented and the possible explanations for them; 

comparison with findings from previous publications 
0.2 

Table 3. Quality assessment of studies. 

Author/ 

Year 

Study 

Design 

Participants 
Collection 

Methods 

DNA Extrac-

tion 

Stats Anal-

ysis 
Results Discussion 

Total 

Points/Qual-

ity 

Sam-

ple 

Stan

dards 

Sample 

Char-

acteri-

zation 

Calcu-

lation 

of 

Sample 

Size 

Eth-

ics 

Control of 

Factors In-

fluencing 

Collection 

Fujimoto et al. 

2003 [20] 
0 0 0.2 0 0 3 3 0 0.2 0.2 

6.6 

Moderate 

Zijnge et al. 

2006 [21] 
0.2 0 0.2 0 0 0 3 0 0.2 0.2 

3.8 

Low 

Zijnge et al. 

2003 [22] 
0 0.2 0.2 0 0 3 3 0 0.2 0.2 

6.8 

Moderate 

Liu et al. 

2010 [23] 
0 0 0.2 0 0 3 3 0 0.2 0.2 

6.6 

Moderate 

Mougeot et al. 

2016 [24] 
0 0.2 0.2 0 0.2 0 3 0.2 0.2 0.2 

4.9 

Low 

Colombo et al. 

2009 [25] 
0.2 0.2 0.2 0 0.2 3 3 0.2 0.2 0.2 

7.4 

High 

Colombo et al. 

2012 [26] 
0.2 0.2 0.2 0 0.2 3 3 0.2 0.2 0.2 

7.4 

High 

Aspiras et al. 

2013 [27] 
0.2 0.2 0.2 0 0.2 0 3 0.2 0.2 0.2 

4.4 

Low 

A narrative synthesis was used to systematically explore the similarities and differ-

ences between results of different studies, identifying data patterns in associations be-

tween study characteristics and outcomes. Furthermore, different interventions, out-

comes, study designs and the rationale of their effects were explored and analyzed to in-

tegrate and synthesize data. 
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3. Results 

The electronic search retrieved a total of 2931 records from the following databases: 

CENTRAL (224), CINAHL (0), MEDLINE (2704) and EMBASE (3). After excluding dupli-

cates and records marked as ineligible by automation tools, there were 261 records, 230 of 

which did not meet the inclusion criteria; 31 were selected for full reading. A manual 

search of the references from the 31 articles was performed, retrieving an additional 20 

new titles. Titles and abstracts not related to the topic were initially excluded. Having 

selected articles based on the inclusion and exclusion criteria, a total of 51 full text articles 

have been assessed for eligibility according to all selection criteria; 43 studies were ex-

cluded at this stage. After careful reading and quality assessment, 8 articles were catego-

rized according to methodological quality as follows: high (2), moderate (3), low (3). Low-

quality articles were excluded from this systematic review. Consequently, 5 studies were 

included (Figure 1). The general characteristics of the included studies are presented in 

Table 4. Furthermore, risk of bias for the included articles appeared to be low. 

 

Figure 1. PRISMA flow chart. 
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Table 4. Study characteristics and results of individual studies. 

Author/ 

Year 

Study 

Design 

Participants 

Collection 

Methods 

DNA Extrac-

tion 
Stats Analysis Conclusion Sample 

Standards 

General  

Sample Descrip-

tion 

Colombo et 

al. 

2012 [26] 

Longitudinal 

study 

No history of sys-

temic disease, perio-

dontal therapy or 

use of antibiotic 

therapy within the 

preceding 6 months. 

Absence of preg-

nancy. 

47 subjects over 

20 years of age. 

After removal of su-

pragingival plaque, 

subgingival plaque 

was collected with 

sterile periodontal cu-

rettes from the mesi-

obuccal aspect of up to 

14 teeth in different 

quadrants. 

Universal 

(Proteinase K 

and Tween 

20). 

Mann–Whitney 

and Chi-square 

tests to com-

pare differences 

in demographic 

and clinical pa-

rameters be-

tween groups. 

Wilcoxon 

signed rank test 

to compare pre 

and post ther-

apy. 

HOMIM results indi-

cated reduced preva-

lence of majority of 

subgingival species in 

combined and antimi-

crobial therapy. Results 

also identified novel 

species or phylotypes 

of periodontal patho-

gens in subjects with 

refractory periodonti-

tis. 

Colombo et 

al. 

2009 [25]  

Longitudinal 

study 

No history of sys-

temic disease, perio-

dontal therapy or 

use of antibiotic 

therapy within the 

preceding 6 months. 

Absence of preg-

nancy. 

67 subjects over 

20 years of age. 

After removal of su-

pragingival plaque, 

subgingival plaque 

was collected with 

sterile periodontal cu-

rettes from the mesi-

obuccal aspect of up to 

14 teeth in different 

quadrants. 

 Proteinase K 

and Tween 20 

Kruskal–Wallis, 

Mann–Whitney 

and Chi-square 

tests to com-

pare differences 

in clinical pa-

rameters 

among groups. 

HOMIM results indi-

cated a greater diver-

sity in subgingival mi-

crobiota of subjects 

with periodontitis at 

baseline compared to 

healthy subjects. Re-

sults also showed a 

high frequency of sev-

eral species not com-

monly associated with 

periodontitis at base-

line in subjects with re-

fractory periodontitis. 

Fujimoto et 

al. 

2003 [20] 

Not mentioned Not mentioned 

4 subjects: 2 males 

and 2 females 

aged between 18 

and 65 years. 

Subgingival plaque 

was collected by inser-

tion of 3 sterile paper 

points 

into subgingival lesion 

pockets, after removal 

of supragingival 

plaque with sterile 

cotton swabs. 

Instagene 

Matrix 
n/a 

DGGE results were 

able to reveal domi-

nant microflora. How-

ever, due to low sensi-

tivity, DGGE was una-

ble to efficiently detect 

pathogens with a low 

abundance. 

Zijnge et al. 

2003 [22] 
Not mentioned 

No history of sys-

temic disease, perio-

dontal therapy or 

use of antibiotic 

therapy within the 

preceding 6 months. 

Absence of preg-

nancy. 

15 adult subjects 

with minimum of 

20 teeth. 

After supragingival 

plaque was removed, 

subgingival plaque 

was collected by in-

serting sterile endo-

dontic absorbing 

points into the bottom 

of periodontal pock-

ets. 

Phenol/ 

Chloroform 
n/a 

DGGE results indi-

cated a change in band 

profiles before and af-

ter treatment of sub-

jects with periodontitis. 

However, DGGE pre-

sented difficulties indi-

cating species based on 

band positioning. 

Liu et al. 

2010 [23] 
Not mentioned Not mentioned 

6 subjects: four 

women and two 

men aged be-

tween 29–52 

years. 

After removal of su-

pragingival plaque, 

subgingival samples 

were collected from 

periodontal pockets 

using sterile curettes. 

TIANGEN 

kit 

Cs = 2j/(a + b) × 

100 

DGGE results indi-

cated no change in 

band pattern before 

and after treatment for 

the V3-V5 and V6-V8 

region, suggestive of 

bacterial recoloniza-

tion. However, recolo-

nization by small num-

bers of periodontal 

pathogens would not 

be identified by this 

method. 
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4. Discussion 

The oral cavity is colonized by a large and diverse group of bacteria, which form 

biofilm communities in several habitats within the mouth, including the tooth, subgingi-

val sulcus, tongue, buccal mucosa and tonsils [26,22]. More than half of these species have 

been detected in the subgingival habitat, many of which have not yet been formally 

named, or are novel species that cannot yet be grown or are difficult to grow in culture 

[25,26,28]. Although most of these organisms are commensal, numerous oral bacterial spe-

cies have been associated with oral disease and oral health, including those that cannot be 

cultivated in vitro [25,28]. 

Various microbiological studies presented in the retrieved articles revealed different 

aspects of the supragingival plague and important changes in the subgingival plaque of 

patients with periodontal disease [26]. Although the articles included in this review re-

ported that HOMIM was an effective method for quantifying the oral community in per-

iodontal disease, it is relevant to indicate that insufficient methodological information was 

provided. For instance, only two publications outlined the design and ethical information 

of the study [26,25]. However, in all included studies, collection of the biological material 

was carefully monitored to avoid interference from other sites in the mouth [20,22,25,26]. 

Methodologically poor articles [21,24,27] were characterized by similarities that contrib-

uted to their low score and then exclusion from the review. These studies did not describe 

the control of factors that might influence the collection of biological material, which is an 

essential aspect of the study. As diverse organisms associated with periodontal disease 

and periodontal health are characteristic of different oral habitats, isolation of the area and 

previous removal of other biological material surrounding the collection site is essential 

[13,20,25,26]. 

Periodontal health is usually associated with supragingival Gram-positive microbi-

ota that consists mainly of diverse species of Streptococci and Actinomyces [26,25]. Moreo-

ver, they are also predominant in gingivitis; however, the number of Gram-negative bac-

teria, such as Fusobacterium and Bacteroides, increases [6]. On the other hand, in periodon-

titis, the microflora is dominated by Gram-negative anaerobes, with increased spirochetes 

[26,25].The Human Oral Microbe Identification Microarray (HOMIM) provides a semi-

quantitative identification of oral microbiome bacterial species [24–26] Earlier methods 

such as Denaturing Gradient Gel Electrophoresis (DGGE) have been used to study micro-

bial population dynamics in periodontal disease [20,22,28–30]. This molecular technique, 

while useful for analyzing bacterial communities and studying shifts in microbial compo-

sition at a population level, is often limited by numerous factors, particularly low detec-

tion limit and difficulties associated with species identification based on gel positioning 

[20,22,28–30]. 

For this review, included articles were classified as having high to moderate meth-

odological quality [20,22,23,25,26]. The studies classed as having moderate methodologi-

cal quality reported on the use of Denaturing Gradient Gel Electrophoresis to provide a 

visual representation of bacterial diversity in periodontal disease. The first study [20] 

aimed to examine the bacterial community of the subgingival plaque using DGGE. Sam-

ples were collected from the subgingival plaque of four patients using sterile paper points, 

and DNA was extracted using the InstaGene Matrix kit. Furthermore, Polymerase Chain 

Reaction (PCR) was performed using specifically designed primers and genomic DNAs 

of typical periodontal bacteria. The generated 16S rDNA fragments were separated by 

denaturing gel. Results indicated that DGGE was able to show distinct banding patterns 

observed among several samples from identical subjects, but the bands were not always 

observed at the species-specific positions of periodontal bacteria. The authors in this study 

highlight the difficulty of the DGGE method to detect bacteria with a low abundance in 

various samples. This method of bacterial identification assumes that DNA is extracted 

equally from all bacterial species. Moreover, its reliability depends on the quality and re-

producibility of bacteria sample processing and DNA extraction. Thus, any organisms 

forming < 1% of the microbiota may not be represented. This limitation is widely reported 
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in other studies that have used this method to analyze subgingival microbiota in health 

and disease [28–30]. 

Similarly, in the second study [22], the authors highlight the limitations of DGGE due 

to its low sensitivity and difficulties in identifying species based on their position in the 

gel. Their research aimed to study the microbial population dynamics in the subgingival 

pocket of 15 subjects with untreated advanced periodontitis (n = 9) or periodontal health 

(n = 6). After the supragingival plaque was removed, subgingival plaque was collected by 

inserting sterile endodontic absorbing points. DNA extraction was carried out using the 

phenol/chloroform method and part of the bacterial 16S rRNA was PCR amplified and 

separated by DGGE. Samples were evaluated at baseline, 1 day after and 3 months after 

treatment; DGGE banding profile showed that treatment resulted in a decrease in the di-

versity of the population. DGGE results also indicated that after 3 months, a microbial 

population 33–47% different from the population before treatment had re-established, 

highlighting shifts in composition and diversity in the microbial population. Despite 

DGGE’s effectiveness in providing a fingerprint representative of the microbial flora, the 

culture-independent, PCR-based method can only detect up to 30–40 bands, thus present-

ing with low resolution and sensitivity issues as reported in another study evaluating 

changes in oral bacterial composition [28]. Due to the limitations of this method, most 

studies simply report the relative position of amplicons, while others provide an estima-

tion of denaturing percentage for comparisons due to the limited number of computer 

programs capable of acquiring DGGE gel images, transferring them to specially designed 

analytical software and recording the banding patterns [28]. 

The third study, [23] similar to the previous two studies, confirms the limitations of 

DGGE, particularly with its inability to detect bacteria below a certain threshold due to its 

low sensitivity. The authors of this study aimed to investigate the microbial population in 

the subgingival community, using DGGE. Specifically, the study examined whether pri-

mer choice affected DGGE results and assessed the most appropriate primer pairs for 

DGGE analysis. Firstly, the authors analyzed the DGGE profiles of different 16S rDNA 

regions of three periodontal strains (P. gingivalis ATCC 33277, F. nucleatum ATCC 25586 

and P. nigrescens ATCC 33563) using the target regions (V3, V3–V5 and V6–V8). These 

regions were cloned into plasmid vectors and the constructed plasmids was used as tem-

plates for PCR-DGGE analysis templates in the study. Moreover, the study included non-

smoking adults with chronic periodontitis (n = 6), between the ages of 29 and 52 years. 

Subgingival samples were collected from periodontal pockets using sterile curettes with 

a probing depth and clinical attachment loss of more than 5 mm at baseline after removal 

of supragingival plaque. Following mechanical debridement, patients were examined six 

weeks later and their periodontium was found to have improved significantly. Again, 

subgingival plaque was sampled from the same pockets (the probing depth was decreased 

by 2 or 3 mm). Using a bacterial genomic DNA extraction kit (TIANGEN), microbial DNA 

was extracted and used for PCR amplification of the target fragments. The results sug-

gested that V3–V5 and V6–V8 fragments may be suitable for community analysis of sub-

gingival bacteria; however, it was concluded that 16S rDNA of the V3 region may cause 

over-estimation of subgingival bacterial populations in DGGE analysis due to multiple 

banding patterns. Further analysis with the V3–V5 and V6–V8 fragments suggested that, 

in chronic periodontitis, periodontal bacteria may recolonize within 6 weeks after me-

chanical debridement with a population very similar to the baseline as there were no sig-

nificant differences in banding patterns between the two groups. However, these changes 

would not be identified using DGGE, possibly due to its low sensitivity; thus, there is a 

need for further analysis with quantitative methods [23]. The authors were successful in 

identifying the potential of some targeted regions of 16S rDNA for DGGE analysis, but 

they highlight the necessity for careful consideration of the regions used in the analysis as 

it is currently impossible to predict which regions would yield different results for species 

identification in DGGE analysis of the same sample. This, in itself, poses another limita-

tion for DGGE as there is potential for different primers to affect the results generated, as 
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well as certain regions making it difficult to estimate bacterial population due to multiple-

band appearance for a single pathogenic bacterium. 

Only two studies which described the study design and ethics were classed as having 

high methodological quality. These studies [26,25] were conducted by the same research 

group; however, they presented different objectives and distinct samples. Both studies 

showed evidence of controlled microbial collection by prior removal of the supragingival 

plaque with a sterile gauze to preserve sample quality. Meanwhile, subgingival biofilm 

samples were collected using sterile periodontal curettes. For DNA extraction, samples 

were placed in separate 1.5 mL tubes containing 50 μL of TE (50 mM Tris-HCl, 1 mM 

EDTA, pH 7.6), 44 μL of each sample was then taken and mixed with 0.5% Tween 20 and 

1 μL of Proteinase K (10 mg/mL). 

Colombo et al. [25] carried out a study in 2009, which aimed to analyze and compare 

the baseline subgingival microbiota of subjects with refractory periodontitis (RP) to those 

in subjects with treatable periodontitis (GR) or periodontal health (PH) using the Human 

Oral Microbe Identification Microarray (HOMIM). A total of 67 subjects were measured 

at baseline (17 RP individuals, 30 GR individuals and 20 PH individuals), and analyzed 

for the presence of 300 bacterial species using HOMIM. Results indicated a distinct micro-

bial profile in RP patients compared to patients in GR and PH groups. In addition, more 

species were detected in diseased patients (GR or RP) than those without disease (PH). 

The authors report that the HOMIM technique allowed for the detection of about 300 spe-

cies, including cultivable and not-yet cultivable species. Moreover, in periodontal sites 

losing attachment, HOMIM effectively identified a high prevalence of periodontal patho-

gens and novel species in low abundance, particularly S. intermedius/constellatus, S. angi-

nosus, P. micra, Selenomonas spp., S. parasanguinis, Streptococcus sp. OT 070/071, F. alocis, D. 

invisus, D. pneumosintes, C. rectus/concisus, TM7 spp. OT 346/356/437, Treponema socranskii, 

Treponema maltophilum, Bacteroidetes sp. OT 274/272, Prevotella tannerae, T. forsythia, Eubac-

terium spp., G. sanguinis, Porphyromonas endodontalis, Peptostreptococcus sp. OT 113, Desul-

fobulbus sp. OT 041, P. stomatis, S. moorei, Sphaerocytophaga sp. OT 337, P. gingivalis, 

Megashaera micronuciformis, S. satelles, Prevotella oralis, Mogibacterium timidum, Anaerococcus 

geminatus, Atopobium rimae, Atopobium parvulum and P. alactolyticus. 

In the last study included in this review [22], the authors compared the changes in 

the subgingival microbiota of 47 subjects with refractory periodontitis (RP) (n = 17) or 

treatable periodontitis (GR) (n = 30) before and after periodontal therapy using HOMIM. 

Subgingival plaque samples were taken at baseline and 15 months, the HOMIM technique 

was used to analyze the samples for the presence of over 300 species. HOMIM results 

indicated that the majority of the evaluated species decreased in prevalence in both 

groups after treatment. However, only a small subset of organisms was affected signifi-

cantly. Furthermore, HOMIM data identified several species that increased or persisted 

in high frequency in RP but reduced significantly in GR, including Bacteroidetes sp., Por-

phyromonas endodontalis, Porphyromonas gingivalis, Prevotella spp., Tannerella forsythia, Dial-

ister spp., Selenomonas spp., Catonella morbi, Eubacterium spp., Filifactor alocis, Parvimonas mi-

cra, Peptostreptococcus sp. OT113, Fusobacterium sp. OT203, Pseudoramibacter alactolyticus, 

Streptococcus intermedius or Streptococcus constellatus, and Shuttlesworthia satelles. Further-

more, HOMIM analysis was effective in identifying novel species in subjects with RP, sug-

gesting that different microbial profiles, including not only combinations of known spe-

cies but also novel species, and consequently, significant differences in treatment re-

sponse. 

The results presented in this systematic review indicate that there is moderate scien-

tific evidence that the HOMIM is significantly effective in identifying periodontal patho-

gens of the oral microbiome. For the HOMIM analysis in both studies [26,25], a total of 

400 16S rRNA-based, reverse capture oligonucleotide probes printed on aldehyde-coated 

slides were used to target over 300 bacterial taxa, suggesting a potential limitation of the 

technology, as it is possible that HOMIM is only able to recognize bacterial taxa/clusters 

that have a target probe present on the microarray slides. However, refinement of the 
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HOMIM technology will provide a better identification tool for the oral microbiome and 

will be beneficial to the understanding of periodontal pathogens in the oral cavity. More-

over, the evidence presented in this review has identified the main limitation for DGGE 

as its inability to detect species when abundance is below a certain level. Due to the im-

portance of these low-abundance species, a more comprehensive technology such as  

HOMIM is best to understand the complexity of the periodontal disease process and prob-

able multifactorial etiology. 

5. Conclusions 

To our knowledge, this is the first systematic review regarding the significance and 

effectiveness of HOMIM in quantifying the human oral microbiome. A search of the liter-

ature found moderate evidence that the Human Oral Microbe Identification Microarray 

(HOMIM) is significantly effective in identifying and quantifying bacterial species of the 

oral microbiome in periodontal disease. Despite the limitations associated with this cur-

rent molecular profiling technology, HOMIM expanded oral bacterial species identifica-

tion compared to earlier methods such as DGGE. Furthermore, the species probes utilized 

in HOMIM provided a more comprehensive representation of the oral bacterial commu-

nity, critical for future characterization of oral microbes in periodontal disease. It is im-

portant for future work to explore the effectiveness of Human Oral Microbe Identification 

using Next-Generation Sequencing (HOMINGS), a successor technology of HOMIM, for 

identifying and quantifying the human oral microbiome. 
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