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SUMMARY 

Gingival bleeding due to poor oral hygiene is reported globally. Assessment of blood in 
saliva may improve diagnostics, serve as an outcome measure in clinical trials and support 
patient education through point-of-care tests. This work analyzed salivary heme using a 
rapid test format and separately using a lateral flow immunoassay assay [LF] for chair-side 
implementation. Clinical examinations stratified adult subjects into healthy, gingivitis or 
periodontitis groups at baseline. Healthy subjects presented no periodontal pockets and 
whole mouth gingivitis scores of less than 1.0.  Gingivitis subjects registered gingival index 
scores greater than 1.0.  Included in the periodontal disease group were subjects with 
periodontal pockets greater than 4 mm.  The rapid test is based on the peroxidase activity 
salivary heme converting a colourless probe to a coloured compound for 
spectrophotometric analysis.  For the LF assay, saliva was placed in the test window of the 
device with reactions scored after room temperature incubation.  Average salivary heme 
concentrations in the healthy, gingivitis and periodontal disease groups were 27, 201 and 
326 nM respectively, by the rapid test, representing significant differences by analysis of 
variance and Tukey’s-multiple comparison tests (p<0.05).  Similarly, results in the LF assay 
demonstrated increasing band intensity from the healthy to the periodontal disease 
groups and was quantifiable by image analysis.   This pilot study emphasizes the potential 
efficacy of rapid heme measurement in investigations of oral health. 
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INTRODUCTION   

Dental health problems due to inadequate oral hygiene afflict large sections of the 

population (PETERSEN & OGAWA 2012).  Whereas, toothbrushing with a fluoride dentifrice 

represents important self-care measures, (LINDENMULLER & LAMBRECHT 2011; TARTAGLIA et al., 

2017),  surveys identify the influence of several variables on oral hygiene (BAROUCH et al., 

2019; BROADBENT et al., 2011). For example, large amounts of dental plaque approximating 

40% of the regions adjacent to the gingival margin are left behind on teeth surfaces after 

toothbrushing (PETKER et al., 2019).  Dental plaque comprises large numbers of organisms 

(MOSADDAD et al., 2019) including both Gram-positive and Gram-negative bacteria with 

generally significantly higher cell density resident on the posterior areas of teeth 

(SREENIVASAN et al., 2016).  Microbial growth and metabolism produces products that 

include acids, toxins, and components with immunogenic features (TAKAHASHI 2015). 

Features of effective cleaning include the removal of organisms found within each of the 

distinct oral niches comprising mucosal surfaces, reducing the inflammatory burden 

(SREENIVASAN & PRASAD., 2020) and improving mucosal integrity (SREENIVASAN et al., 2020).   

 

The transition from health to gingivitis and periodontal disease is marked with changes 

in the inflammatory status of the mouth (KORTE & KINNEY 2016; KUMAR 2019; LINDENMULLER 

& LAMBRECHT 2011) with investigations reporting increases in matrix metalloproteinase-8 

(MMP-8) and lactoferrin in saliva and oral fluids (RAMENZONI et al., 2021a) that correlate 

with clinical evaluations.  An additional aspect of these inflammatory transitions is the 

presence of trace amounts of blood in saliva (HOFMAN 2001; NAM ET AL., 2015; NOMURA ET 

AL., 2018; OKADA ET AL., 2017). Visualization of blood in saliva has been used to assess the 

oral health status of patients, in forensic investigations (CHOJNOWSKA et al., 2018; Old et 

al., 2009; Vandenberg & Oorschot 2006), promote oral hygiene (Okada et al., 2017) and 

examine disease activity (CHOJNOWSKA et al., 2018; HOFMAN 2001; REED et al., 2015).  A 

variety of analytical approaches including lateral flow immunochromatography, real-
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time RT-PCR and other rapid approaches (JI & CHOI 2015; NAM ET AL., 2015; OKADA ET AL., 

2017; OLD ET AL., 2009; SEGAWA ET AL., 2019; VANDENBERG & OORSCHOT 2006) are described 

for the evaluation of saliva, its constituents and heme (SAKURADA ET AL., 2012).  Recent 

clinical investigations have been reported the application of proprietary urinary strips for 

the non-quantitative assessment of inflammatory markers in saliva including 

erythrocytes, leukocytes, urobilinogen, nitrite, glucose, bilirubin and ketones (RAMENZONI 

et al., 2021b).  The current evaluation produces a visual outcome for rapidly grading 

saliva higher concentrations of lactoferrin, hemoglobin and leukocytes being detected in 

saliva from periodontal disease subjects versus healthy controls. 

 

From a biochemical standpoint, free hemin, resulting from the breakdown of heme-

containing proteins such as hemoglobin and myoglobin, differs from heme in that it 

contains Fe3+ instead of Fe2+.  Free hemin exists in cells at a very minute concentration 

(<1µM) and produced due to breakdown of red blood cells or vascular injury and detected 

in various body fluids such as saliva (NAM ET AL., 2015; NOMURA ET AL., 2018; REED ET AL., 2015; 

SEGAWA ET AL., 2019; SHIMAZAKI ET AL., 2011), nasal secretions (SAKURADA ET AL., 2012), urine 

(LINDER ET AL., 2018) and CSF (LEE ET AL., 2018) under pathological conditions.  Furthermore, 

hemin stimulates the growth of bacteria associated with gingivitis (SMALLEY & OLCZAK 

2017).   

 

The current investigation determined whether a quantitative test for salivary heme could 

distinguish patients presenting good oral health from those with gingivitis or periodontal 

disease as the study hypothesis.  A separate objective determined performance of a 

commercially available lateral flow immunoassay assay [LF] for rapid chairside visual 

assessment of salivary heme as an adjunct for patient oral health education. 



Page 6 of 25 
 

MATERIAL AND METHODS 

 
This double-blind study enrolled adult subjects after the study protocol was approved by 

the ethics board of the JSS Dental College and Hospital, Mysuru, India (IEC 

JSS/DCH/Ethical/01/2016-179(2)). All study-related procedures were conducted at the 

dental clinic of the Dental College with sample analysis conducted in the Center of 

Excellence in Molecular Biology and Regenerative Medicine (a DST-FIST sponsored 

center), Department of Biochemistry (a DST-FIST sponsored department), JSS Medical 

College, Mysuru, India.     

 

Subjects [between the age of 18-70 years] who voluntarily completed informed consent 

were invited to enroll in the study.  A dentist interviewed the subjects for their medical 

and dental history recording demographic variables and completed an oral examination. 

Study enrollment was restricted to those in good overall health and who were not 

presently undergoing treatments by a health care professional.  Subjects reporting 

medical or dental procedures or treatments by a health care provider in the month 

preceding the screening visit were excluded.  Also excluded were those scheduled for 

upcoming treatments or procedures and reporting clinical study participation in the 

previous month.  Subjects reporting a pregnancy or impending pregnancy systemic 

diseases, infectious diseases or other chronic conditions including diabetes, heart, liver, 

or kidney were excluded.  Study participation was restricted to those presenting more 

than 20 natural teeth, no oral pathologies, caries, mucosal diseases, dental implants, and 

restorations.  Prospective subjects who required immediate dental care were referred to 

the specialty clinics of the dental college. Subjects with allergies to oral hygiene 

formulations or histories of alcohol or drug abuse were excluded. 

 

Clinical evaluations 
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Enrolled subjects underwent clinical assessments that included an oral soft and hard tissue 

examination and clinical evaluations for whole mouth gingival (LÖE & SILNESS 1963) and 

dental plaque indices (TURESKY ET AL., 1970) along with a periodontal examination (HEFTI & 

PERSHAW 2012) and reported no tobacco use.  Before subject enrollment, exercises for 

clinical examiner calibration were conducted for each clinical index utilized in this study.  

All study related assessments were conducted by the calibrated examiner.    

 

Subject stratification:  Enrolled subjects underwent a clinical evaluation during their 

baseline visit.  Based on the outcomes registered during their baseline evaluation, subjects 

were stratified into the three following groups:  

 

Healthy: Subjects presenting with good oral hygiene, probing depths less than 3 mm, 

whole mouth Löe-Silness gingival index scores less than 0.7 and no loss of clinical 

attachment. 

 

Gingivitis: Subjects who presented with whole mouth Löe-Silness gingival index scores of 

1.2 or more and no loss of clinical attachment.  

 

Periodontal disease: The subjects identified with periodontal disease were determined by 

clinical criteria.  These subjects registered probing depths greater of 4.0mm or more in at 

least 5 sites and clinical attachment loss [CAL] of 4.0mm or more.  Subjects with 

periodontal disease were also scheduled for bitewing radiographs to examine bone loss 

(HEFTI & PERSHAW 2012). 

 

Study enrollment and sampling: After study enrollment, subjects were provided a study 

schedule for their evaluations.  Subjects were instructed to arrive at the dental clinic in the 

morning prior to oral hygiene and to refrain from food or beverage for two hours prior to 
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their appointments. Saliva samples were collected during these visits. Subject sampling 

and assessments were completed by 9 AM.   

 
Saliva sampling:  Unstimulated saliva [approximately 2 ml] was collected at each visit 

representing the baseline, day 8 and day 15 samples.  Saliva samples were collected in 

sterile wide-mouth disposable tubes marked with unique subject identifiers.  All collected 

samples were transported to the laboratory without delay for biochemical analysis.  Saliva 

samples were securely stored under optimal conditions (short term storage: -20oC; long 

term storage: -86oC).    

 

Laboratory Analysis: 

Procedure to detect salivary heme by the colourimetric test:  Salivary heme was 

quantitatively estimated using hemin colourimetric assay kit from BioVision Inc (Catalog 

#K672-100), Milpitas, CA, USA. The assay relies on the principle that hemin in samples acts 

as a peroxidase promoting the conversion of a colourless probe to a strongly coloured 

compound, which was measured in a spectrophotometer.  Experimentally, first, the probe 

was warmed at 37oC for 1-2 mins before use.  The enzyme mix was dissolved in hemin 

assay buffer as is the substrate. All tests included hemin standards (ranging from 0.4nM 

to 2.0nM) prepared using working stock solutions in assay buffer to generate a calibration 

curve. Controls included reactions without any substrate or missing one reagent. Analysis 

of the data showed a linear graph with an R2 value of 0.9916 or higher.  The experiment 

was replicated at least three times with at least two replicate measurements each time. 

 

Saliva samples from subjects were diluted in assay buffer for tests.  Diluted saliva samples 

for assessment were placed in 96-well plates and the volume made up to 50µl with assay 

buffer.  The reaction mix was added to all wells and incubated in the dark for 30 min 

before colorimetric evaluation at 570nm.  Heme analyses were conducted in triplicate and 
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saliva samples diluted appropriately before estimation.  In general, samples from healthy 

subjects were diluted 1:10 and those from gingivitis or periodontal disease diluted 1:100 

for testing.   

 

Assessment of heme in saliva using a Lateral Flow [LF] Immunological Test   

Principle: One-Step Lateral Flow [LF] Immunoassay Blood Test is a commercially available 

in vitro chromatographic method (Clarity Diagnostics iFOB Rapid Test Cassette, Boca 

Raton, FL, USA), a CLIA waived test to detect fecal blood, which is not detected by visual 

observation.  This LF chromatographic immunoassay works on the sandwich ELISA 

principle. The LF assay utilizes a monoclonal antibody to detect human heme and provides 

a semi-quantitative visual detection in a few minutes.   Experimentally, hemoglobin 

present in the sample first reacts with the anti-hemoglobin antibody coated on a particle.  

This hemoglobin-antibody complex migrates chromatographically and reacts with anti-

hemoglobin antibody present in the membrane.  This sandwich complex generates a 

colored band indicating the presence of hemoglobin in the sample.  The method is very 

sensitive and detects hemoglobin as low as 50ng/ml. 

Method and interpretation of results:  The test cassette was placed on a clean, dry, and flat 

surface.  Saliva was added into the device and positive results recorded if both the control 

(C) and test (T) line of the strip in the device developed a color. The color intensity of the 

band was recorded on a semi-quantitative scale ranging from A-H.  Samples that did not 

produce a reaction in the test (T) line but produced a reaction in the control (C) were 

identified as negative.  Invalid tests produced no reaction in either the control (C) and test 

(T) line of the strip in the device. 
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Statistical Analysis: 

Descriptive statistics summarized demographic characteristics of enrolled subjects 

computed from each clinical group.  Included in these summaries were outcomes from 

clinical evaluations i.e., dental plaque, gingivitis, clinical attachment loss and pocket 

probing depths.  Results from salivary heme analysis using the colorimetric test are 

summarized from each clinical group.  An analysis of variance (ANOVA) compared the 

results from each group with Tukey’s multiple comparison tests determining differences 

between groups.  Image analyses of LF immunoassay results were evaluated by chi-square 

test.  Statistical tests of hypotheses were two-sided and statistically significant results 

reported at p≤0.05. 
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RESULTS  

The demographics of the study population are presented in Table 1 and includes their 

clinical characteristics.  The study population comprised 25 females and 20 males with an 

average age of 31 years.  Fifteen subjects were identified in the healthy group that 

included 10 females and 5 males.  The 16 subjects placed in the gingivitis group included 

8 females and 8 males.  The periodontal disease group comprised 14 subjects with 7 male 

and 7 female subjects.  The healthy group registered an average gingival index score of 

0.42 representing the lowest score in comparison to either the gingivitis or periodontal 

disease groups.  Average gingival index scores for subjects placed in the gingivitis and 

periodontal disease groups were 1.34 and 2.41, respectively.  Dental plaque index scores 

progressively increased from the healthy group.  Average dental plaque index scores in 

the healthy, gingivitis and periodontal disease groups were 1.99, 2.22 and 4.24, 

respectively.  While the healthy group registered no clinical attachment loss, the 

corresponding scores amongst the gingivitis and periodontal disease groups were 0.03 

and 1.3 respectively.  Average pocket depth in the healthy group was 1.73.  Pocket depths 

averaged 1.6 and 4.3 respectively amongst the gingivitis and periodontal disease groups.  

These clinical results remained consistent between the groups at day 8 and day 15 recall 

visits (data not shown). 

Analysis of salivary heme by the colorimetric method (Figure 1) indicates the lowest 

average heme concentration in the healthy group at baseline and all recall visits with 27 

mM recorded at baseline and 16.19 and 8.49 on day 8 and day 15 evaluations, 

respectively.  Average baseline heme concentration amongst the gingivitis group was 

200 mM with heme concentrations of 134.3 and 122.1 mM at the day 8 and day 15 

evaluations, respectively.  Salivary heme concentration in the periodontal disease group 

was the highest with an average value of 328 nM at baseline.  The average values on day 

8 and day 15 were 378.2 and 390.0 nM respectively.  Statistical analysis by ANCOVA 
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demonstrated significant differences in heme concentration between treatment groups 

(p<0.05).   

Representative images from the lateral flow analysis of heme from saliva samples are 

shown in Figure 2.  Saliva samples from healthy subjects produced the lightest band in 

comparison to samples obtained from gingivitis or periodontal disease patients. 

Samples from the gingivitis group produced a band that had a density intermediate to 

the healthy and periodontal disease groups.  Samples obtained from subjects placed in 

the periodontal disease group produced the strongest reaction with the most prominent 

bands.  A visual semi-quantitative assessment of these bands using a numerical scale 

ranging from A-H is presented in Table 2 and includes the results from the entire 

population.  Notably, the healthy group had the highest frequency of bands with the 

least density with ~80% of the population recording scores in the 1-2 range and 

corresponded with the G and H letter scores.  Samples from healthy subjects had no 

reactions that were darker than a score of 4, corresponding to the E letter score.  The 

results from the gingivitis and periodontal disease groups were quite different from the 

healthy group.  Both the gingivitis and periodontal disease groups had no reactions that 

corresponded to the lightly colored bands seen with the healthy group.  Gingivitis 

samples produced bands that clustered in the mid-portion of color density.  The 

gingivitis group recorded the highest frequency of results with a score of 5 

corresponding to the letter “D” score. In contrast, the periodontal disease samples 

produced the darkest bands.  Results from this group clustered toward the darker 

regions of the semi-quantitative scale.  An additional objective measure of these bands 

by image-J analysis is presented in figure 3.  These results corroborate the semi-

quantitative visual readings.  
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DISCUSSION 

Global surveys of oral health and hygiene indicate the widespread prevalence of common 

oral diseases including gingivitis and periodontal disease (KUMAR 2019; LERTPIMONCHAI ET 

AL., 2017; PETERSEN & OGAWA 2012; LINDENMULLER & LAMBRECHT 2011).  Whereas a significant 

focus is on biomarkers and emerging technologies in examining the transition from health 

to oral disease (Korte & Kinney 2016; Kumar 2019; LINDENMULLER & LAMBRECHT 2011), we 

assessed a relatively rapid approach along with a rapid chair-side test to detect salivary 

heme under resource-restricted conditions. The advantages of these efforts include rapid 

screening of populations without extensive technical training with the tests conducted 

under ambient conditions following room temperature storage of reagents.   

This pilot study included well-described clinical indices widely used to identify the oral 

health status of subjects (HEFTI & PERSHAW 2012).  Clinical indices are widely accepted gold-

standard to determine oral health status but require a trained dentist and have some 

identified drawbacks such as (a) patient discomfort; (b) the use of invasive approaches 

such as probing, and (c) minimal flexibility for large scale screening of populations. In the 

present study subjects were stratified by widely accepted clinical criteria (LÖE & SILNESS 

1963; TURESKY ET AL., 1970; HEFTI & PERSHAW 2012).  The tests evaluated in this investigation 

provide quantitative and visual outcomes that can be interpreted easily or photographed 

for tele dentistry or longitudinal monitoring.  

Biomarkers offer important advantages and new avenues to assess oral health status 

(Ramenzoni et al., 2021 A and B; JI & CHOI 2015; KORTE & KINNEY 2016) and systemic diseases 

(HOFMAN 2001; SONG et al., 2018).  Saliva representing a biological sample is widely 

recognized for its significant advantages due to its relative ease of collection, sampling 

flexibility, transportation and biobanking (Ramenzoni et al., 2021 A and B; NGAMCHUEA ET 

AL., 2017).  Available in the literature are reports evaluating saliva for heavy metals, 

hormones, and enzymes (OLD ET AL., 2009).  Saliva with its analytes has broad appeal as an 
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important diagnostic specimen for antibodies, drugs, hormones, and applications in 

forensic investigations (CHOJNOWSKA ET AL., 2018; HOFMAN 2001; VANDENBERG & OORSCHOT 

2006).  Automated biochemical test formats with the collected saliva will further advance 

the design of longitudinal studies evaluating interventional strategies.   

An important aspect of the present study was standardized procedures with sample 

collection and assessments conducted in the morning prior to oral hygiene. Clinical 

examinations were conducted by a calibrated examiner and laboratory assessments 

conducted in triplicate with appropriate controls to ensure replication and robust 

statistical analyses.  Using these approaches statistically significant differences were noted 

between the groups. The rapid assay for salivary heme can be readily conducted with 

small amounts of sample for quantitative outcomes. Consequently, it is applicable for a 

variety of patients, clinically difficult situations and circumstances that restrict sample 

availability.  

The literature includes many reports on salivary heme. The Japanese pharmaceutical 

affairs law allows screening for periodontal disease using salivary hemoglobin (OKADA ET 

AL., 2017).  In Japan, a few salivary hemoglobin tests are approved as in vitro diagnostics.  

Rapid diagnostic test formats including latex agglutination and others modified from fecal 

occult blood tests are reported (OKADA ET AL., 2017).  A commercially available LF test using 

monoclonal antibody for human heme detection in fecal samples was evaluated in this 

investigation.  Outcomes from the LF assay corroborated the results from the rapid heme 

test distinguishing the three clinical groups readily in the recall visits over the study period.  

Prominently, subjects in health consistently demonstrated lower heme scores than those 

with gingivitis or periodontal disease reflecting clinically relevant outcomes. A substantial 

overlap in heme results were noted between the gingivitis and periodontal disease 

groups. Likely reasons for these observations include the inability of clinical scores to 

adequately stratify subjects as either gingivitis or periodontal disease and the episodic 
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nature of heme amongst diseased subjects (OKADA ET AL., 2017).  The ability to identify 

healthy subjects represents important outcomes of relevance and can aid patient 

engagement efforts. Furthermore, saliva storage for subsequent testing provides greater 

flexibility for analysis with the evaluations supplementing the well-accepted clinical 

indices (LÖE & SILNESS 1963; TURESKY ET AL., 1970; HEFTI & PERSHAW 2012).   

In summary, results from this study demonstrate the utility of a rapid quantitative method 

to detect heme in human saliva.  Potential limitations of this study include its smaller 

sample size but its advantages such as evaluation of small volumes, sample storage and 

other flexibilities to augment the design of oral health surveys or clinical studies 

examining interventions require highlight.  The LF assay is readily adaptable and can be 

conducted under ambient conditions supporting asynchronous at-home sampling and 

reporting capabilities.  Importantly, it can be conducted in remote regions with limited 

access to clinical or laboratory facilities.  While it does not require extensive technical 

training to be conducted it facilitates patient educational, maintenance of quantitative 

longitudinal records to augment tele-dentistry including remote monitoring. The LF test 

format is available for many other analytes and widely used by a variety of health-care 

providers including physicians, nurses, health-aids representing a widely adopted 

technique to monitor health-related outcomes.  In this regard the described LF based 

analyses facilitates the delivery of oral care by physicians, nurses and others representing 

the entire spectrum of health-care providers. Consequently, the LF assay also affords the 

possibility of screening larger populations alleviating circumstances constrained by time 

and resources.  Future efforts measuring heme as outcome measures are required to 

evaluate the effects of interventions on augmenting oral health.  



 

Table 1.  Summary of subject demographics and their clinical characteristics.   

 

Category Sex Age (SD) Gingival Indexǂ Plaque Indexǂ Clinical 

Attachment Lossǂ 

Pocket Depth 

(mm) ǂ 

Gender Male (n=20) Female 

(n=25) 

32.24 (11.22)  

Healthy (n=15) 5 10 22.93 (3.24) 0.42 (0.09, 0.02) 1.99 (0.82, 0.15) ND 1.73 (0.25, 0.05) 
Gingivitis (n=16) 8 8 30.58 (11.15) 1.34 (0.51, 0.10) 2.22 (0.63, 0.12) 0.03 (0.08, 0.02) 1.60 (0.25, 0.05) 
Periodontitis (n=14) 7 7 42.94 (6.32) 2.41 (0.35, 0.06) 4.24 (0.45, 0.08) 1.34 (1.07, 0.2) 4.38 (1.04, 0.19) 

 

 

ND, Not Detected.  

ǂValues in parentheses, (SD, SEM) 



 

 

 Table 2. Semi-quantitative visual assessment of color density in lateral flow assay. 

Data are percentages ǂColor intensity of the band recorded on a semi-quantitative scale ranging from A-
H.  *Data represents the percentage of the responding population. 
  

Scoreǂ                         Healthy* 
                                     (n=15) 

Gingivitis* 
(n=16) 

Periodontitis* 
(n=14) 

A       8                        0.00 0 7.1 
B       7                        0.00 12.50 57.1 

C       6                        0.00 25.00 7.1 

D       5                        0.00 43.75 7.1 
E       4                        6.67 12.50 21.4 
F       3                        6.67 6.25 0 
G       2                      33.33 0 0 

H       1                      53.33 0 0 
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Figure 1:  Salivary heme concentrations over the study period in subjects stratified by oral 
clinical health status.* 

 

  

*subject groups represented as healthy (H), gingivitis (G) and periodontal disease (P) 
demonstrate statistically significant differences. 
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Figure 2: Analysis of salivary samples by lateral flow assay and representative image.  
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Figure 3: Quantification of lateral flow immunoassay results by image analysis. 
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