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Abstract: The in vitro resistance of selected red/orange complex periodontal pathogens to tinidazole
was compared with four other antibiotics. Subgingival biofilm samples from 88 adults with
severe periodontitis were anaerobically incubated on enriched Brucella blood agar with and
without supplementation with tinidazole (16 mg/L), metronidazole (16 mg/L), amoxicillin (8 mg/L),
doxycycline (4 mg/L), or clindamycin (4 mg/L). Growth of Porphyromonas gingivalis, Tannerella forsythia,
Prevotella intermedia/nigrescens, Parvimonas micra, Fusobacterium nucleatum, Streptococcus constellatus, or
Campylobacter rectus on antibiotic-supplemented plates indicated their in vitro antibiotic resistance.
Tinidazole inhibited all test species, except P. intermedia/nigrescens, P. micra, and S. constellatus
in 3.8%, 10.2%, and 88.9% of species-positive patients, respectively. Significantly fewer patients
yielded tinidazole-resistant test species, and had significantly lower subgingival proportions of
tinidazole-resistant organisms, than patients with amoxicillin, doxycycline, or clindamycin-resistant
species, but not those with metronidazole-resistant strains. Joint in vitro species resistance to tinidazole
and amoxicillin, or metronidazole and amoxicillin, was rare. Tinidazole performed in vitro similar
to metronidazole, and markedly better than amoxicillin, doxycycline, or clindamycin, against fresh
clinical isolates of red/orange complex periodontal pathogens. As a result of its similar antimicrobial
spectrum, and more convenient once-a-day oral dosing, tinidazole should be considered in place of
metronidazole for systemic periodontitis drug therapy.

Keywords: anti-infective agents; periodontitis; drug resistance; in vitro; periodontal pocket;
tinidazole; metronidazole; doxycycline; amoxicillin; clindamycin

1. Introduction

Human periodontitis is a destructive form of periodontal disease that is triggered by pathogenic
bacterial biofilms, possibly in synergy with certain lytic herpesviruses [1], and mediated by dysregulated
host hyper-inflammatory responses, causing progressive connective tissue attachment loss and
alveolar bone resorption around teeth, ultimately leading to their loss from the oral cavity [2].
Among the approximately 700 known microbial species and uncultivated phylotypes that inhabit
the human oral cavity, only a subset is associated with a pathogenic subgingival microbial dysbiosis
in periodontitis-affected patients [3]. Socransky et al. [4], using DNA hybridization data, identified
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several clusters of bacteria as significantly related to various periodontal clinical conditions, with
species belonging to the red and orange complex clusters most strongly associated with severe
forms of periodontitis. The same red/orange complex species were also identified as part of the core
subgingival microbiome of severe human periodontitis lesions in more recent studies using next
generation gene sequencing [5,6]. Importantly, all red complex (Porphyromonas gingivalis, Tannerella
forsythia, and Treponema denticola), and most orange complex species (including Prevotella intermedia,
Prevotella nigrescens, Parvimonas micra, and Fusobacterium nucleatum group species, but not Streptococcus
constellatus or Campylobacter rectus), are obligate anaerobic microorganisms, indicative of a strong
association that exists between specific anaerobic bacteria and severe periodontitis [7].

Related to this, oral administration of metronidazole, which is highly active against anaerobic
bacteria, is beneficial in enhancing therapeutic outcomes in severe periodontitis patients beyond that
attained by conventional mechanically-based forms of periodontal therapy alone [8–13], due in large
part to a significantly greater suppression of subgingival red/orange complex species achieved with
systemic metronidazole therapy [14–17].

However, patient compliance with taking systemic metronidazole, which is most often prescribed
to be taken orally three times per day for 7–14 days [18–20], is critical to the drug’s potential value
in periodontal therapy. In a clinical trial, only 56% of the study patients were considered adequately
compliant with taking systemic metronidazole tablets at the prescribed frequency of three times per
day as an adjunct to conventional periodontal root debridement therapy, with compliant patients
experiencing significantly better periodontal treatment outcomes that were more than double in
magnitude as found in less compliant patients [21].

Tinidazole, a second-generation 2-methyl-5-nitroimidazole class antibiotic structurally similar to
metronidazole, which exerts marked bactericidal activity against anaerobic bacteria and protozoa [22],
may help overcome these patient compliance problems, and serve as a potential alternative to
metronidazole and other antibiotics in combatting periodontal infections. Tinidazole possesses
pharmacokinetic properties which enables once-a-day oral systemic drug dosing [23], a medication
frequency associated with markedly better patient consumption compliance [24]. However, tinidazole,
which was first clinically employed in 1969 for Trichomonas vaginalis infections [25], and approved for
use in the United States by the Food and Drug Administration in 2004 [26], has to date received relatively
little research attention for its potential administration in human periodontal disease therapy [27].
Systemic tinidazole has shown efficacy in treatment of pericoronitis lesions and acute periodontal
abscesses [28], was reported to provide a subjectively higher effective treatment rate in periodontitis
patients than systemic metronidazole (73.1% versus 43.5%) [29], and in smoking periodontitis patients,
induced significantly more favorable changes in probing depth, clinical periodontal attachment level,
and gingival inflammation than conventional periodontal root scaling alone [30]. Only limited data are
presently available on the antimicrobial effects of tinidazole on various putative human periodontal
bacterial pathogens [31,32], particularly in comparison to other potential systemic periodontal antibiotic
drug choices [18–20].

To further advance consideration of tinidazole in periodontal disease management, this study
determined and compared the prevalence and levels of in vitro resistance among fresh clinical isolates
of selected red/orange complex bacterial species from severe periodontitis patients to tinidazole and
four other antibiotics often systemically employed in human periodontal disease therapy.

2. Materials and Methods

2.1. Microbial Specimens

Subgingival plaque biofilm specimens were used from 88 systemically healthy, non-smoking adults
(34 male, 54 female; mean age = 57.2 ± 13.3 (standard deviation, SD) years; age range = 35–83 years
old) with severe periodontitis from whom subgingival samples were consecutively submitted by
USA private practicing periodontists for microbiological analysis and antibiotic resistance testing to
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metronidazole, amoxicillin, doxycycline, and clindamycin at the Oral Microbiology Testing Service
(OMTS) Laboratory at Temple University School of Dentistry, Philadelphia, PA, USA, which is licensed
for high complexity bacteriological analysis by the Pennsylvania Department of Health. Samples
from patients identified with aggressive periodontitis or antibiotic use 6 months before sampling were
excluded. The subgingival specimens, which are normally discarded by the OMTS Laboratory after
completion of requested microbiological testing, were additionally used in this study for tinidazole
in vitro resistance testing after removal of all unique patient identifiers.

2.2. Microbial Sampling and Transport

The subgingival specimens were obtained with sterile paper points by the treating periodontists
from 3–5 periodontal sites exhibiting deep periodontal probing depths (≥7 mm) and bleeding on
probing, following standardized sampling procedures previously described [33]. All paper points per
patient were pooled into a single glass vial containing pre-reduced, anaerobically sterilized and stored
Möller’s VMGA III transport medium [34], and delivered within 24 hours to the OMTS Laboratory.

2.3. Microbial Culture

The microbial specimens were processed as previously described [33], with aliquots of serial
10-fold dilutions inoculated onto enriched Brucella blood agar (EBBA) plates with either no antibiotics
added, or supplemented with non-susceptible breakpoint concentrations of either tinidazole (16 mg/L),
metronidazole (16 mg/L), amoxicillin (8 mg/L), doxycycline (4 mg/L), or clindamycin (4 mg/L) (all
antibiotics obtained as pure powder from Sigma-Aldrich, St. Louis, MO, USA). The breakpoint
concentration values for metronidazole, amoxicillin, doxycycline, and clindamycin were employed in
previous periodontal and dental implant microbiology studies [33,35], and represent drug levels
at or above minimal inhibitory concentrations associated with the “susceptible” interpretative
category for anaerobic bacteria as recognized by the Clinical and Laboratory Standards Institute
(CLSI) [36], or the French Society for Microbiology (for doxycycline) [37]. The 16 mg/L non-susceptible
breakpoint concentration for metronidazole was also used for tinidazole in this study, since breakpoint
concentrations for tinidazole are not established, but are considered to be equivalent to those for
metronidazole [32]. All inoculated EBBA plates were incubated at 37 ◦C for 7 days in a upright
heated incubator (Caron, Marietta, OH, USA) in jars containing an 85% N2-10% H2-5% CO2 anaerobic
atmosphere introduced by an automatic jar evacuation-replacement system (Anoxomat Mark II,
Advanced Instruments, Inc., Norwood, MA, USA).

2.4. Microbial Identification

After incubation, established phenotypic criteria [33] were used to quantitate total anaerobic
viable counts, and determine the presence and proportional recovery of selected red/orange complex
species, including P. gingivalis, T. forsythia, P. intermedia/nigrescens, P. micra, F. nucleatum group species,
S. constellatus, and C. rectus.

In brief, P. gingivalis was identified as circular, dome-shaped, dark-pigmented (brown to
tan), raised surfaces colonies that lacked brick-red autofluorescence under long-wave ultraviolet
light, but exhibited trypsin-like enzyme activity. T. forsythia was identified as Gram-negative,
non-motile, anaerobic rods exhibiting gray-pink speckled, convex, pinpoint colonies seen with a
stereomicroscope, lack of long-wave ultraviolet light autofluorescence, and positive for trypsin-like
enzyme activity. P. intermedia/nigrescens identification was based on their appearance as circular,
dome-shaped, dark-pigmented (black to brown), raised surface colonies displaying an autofluorescent
brick-red color under long-wave ultraviolet light exposure, and testing negative for lactose fermentation
activity. P. micra presented as Gram-positive, non-motile, anaerobic cocci exhibiting small (minute to
1.0 mm in diameter), shiny, non-hemolytic, catalase-negative, opaque white, circular, convex surface
colonies. F. nucleatum group species were identified as long-wave ultraviolet light autofluorescent
charteuse-positive, gray, iridescent colonies of Gram-negative, filamentous, spindle-shaped, non-motile
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rods. S. constellatus was defined as Gram-positive, lactose-negative, non-motile, facultative cocci
demonstrating small white, opaque, circular, β-hemolytic, surface colonies with irregular edges, and
positive for α-D-glucosidase enzyme activity. C. rectus was identified on the basis of mobility, cellular
morphology, and the formation of small (1–3 mm), catalase and oxidase-negative, pale-translucent
colonies appearing as either corroding, spreading, or convex variants.

P. intermedia was not differentiated from P. nigrescens, but a subset of isolates phenotypically
identified as P. intermedia/nigrescens were confirmed to be either P. intermedia or P. nigrescens with
matrix-assisted laser desorption-ionization time-of-flight (MALDI-TOF) mass spectrometry and Bruker
MALDI Biotyper analytic software (Bruker Daltonics, Billerica, MA, USA), following procedures
previously described [38,39]. This method was also used to confirm species identification of other
selected clinical isolates of test species. Proportional patient recovery of test species per subgingival
specimen was calculated as the percent recovery of colony forming units (CFU) of the species among
total cultivable anaerobic viable counts as determined on non-antibiotic supplemented EBBA plates.

2.5. In Vitro Antibiotic Resistance Testing

Growth of test species on antibiotic-supplemented EEBA plates indicated their in vitro resistance
to the evaluated antibiotic breakpoint concentration [33,35]. This direct plating method, with
non-susceptible antibiotic breakpoint concentrations incorporated into primary isolation plates, has
shown excellent correlation (r2 = 0.99) with the CLSI-approved agar dilution susceptibility assay for
identification of antibiotic-resistant periodontal microorganisms [40]. Bacteroides thetaiotaomicron ATCC
29741, Clostridium perfringens ATCC 13124, and a multi-antibiotic-resistant clinical periodontal isolate
of F. nucleatum were used as positive and negative quality controls for all antibiotic resistance testing
on antibiotic-supplemented EBBA plates.

2.6. Laboratory Protocol and Study Approval

All laboratory procedures were performed following a standardized protocol by same laboratory
personnel, who were masked to the clinical status and diagnosis of the sampled patients, and their
inclusion into the present study. Approval for the study was provided by the Temple University Human
Subjects Institutional Review Board, which determined that secondary use of normally discarded
subgingival specimens not linked to the identification of any person(s) did not qualify as human
subjects research requiring written patient consent since patient identities and contact information
were not known, and no investigator-study patient contact, interaction, or intervention was carried out.

2.7. Data Analysis

For each of the evaluated red/orange complex species, the number and proportion of
species-positive patients from non-antibiotic containing EBBA plates was determined, along with its
mean cultivable subgingival proportional recovery and SD, as well as the number and proportion of
patients positive for antibiotic-resistant strains of the species, and proportional recovery of drug-resistant
strains on various antibiotic-supplemented EBBA plates. Fisher’s exact test compared among patients
the presence one or more tinidazole-resistant red/orange species, as compared to the presence in patients
of metronidazole, amoxicillin, doxycycline, or clindamycin-resistant test species. Total cultivable
subgingival proportions of red/orange complex species per patient were determined by summing
together individual species data for each patient, and then calculating total mean values across all
patients, as previously described [41]. A paired t-test compared mean total cultivable subgingival
proportions of red/orange complex species per patient resistant in vitro to tinidazole, as compared to
mean proportions per patient resistant to either metronidazole, amoxicillin, doxycycline, or clindamycin.
In vitro antibiotic-resistance data for tinidazole and metronidazole were each combined post hoc with
those for amoxicillin, and compared per study patient, as previously described [33,35], to determine
the number and proportion of patients with test species exhibiting joint in vitro resistance to both
antibiotics at the employed breakpoint concentrations, since the combination of metronidazole plus
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amoxicillin is frequently employed in the treatment of human periodontitis [19]. A p-value of ≤0.05 was
required for all tests of statistical significance. The PC-based STATA/SE 16.0 for Windows (StataCorp
PL, College Station, TX, USA) 64-bit statistical software package was used in the data analysis.

3. Results

3.1. Total Cultivable Counts

Total cultivable subgingival anaerobic viable counts on EBBA plates without any added antibiotics
averaged 1.7× 108

± 1.3× 108 (SD) organisms/mL of sample (range = 2.0× 107 to 5.0× 108 organisms/mL).

3.2. Red/Orange Complex Species Recovery

Table 1 lists the presence and subgingival proportional recovery of evaluated red/orange complex
species in subgingival biofilm specimens from 88 adults with severe periodontitis.

Table 1. Red/orange complex species recovered from study patients.

Test Species No. (%) of Positive
Patients

Mean % Recovery in
Species- Positive
Patients (SD) *

Range %

Red Complex Species:

P. gingivalis 9 (10.2) 10.1 (6.6) 1.0–21.0
T. forsythia 47 (53.4) 2.3 (1.9) 0.2–10.5

Orange Complex Species:

P. intermedia/nigrescens 80 (90.9) 7.1 (9.9) 0.1–46.7
P. micra 88 (100) 7.9 (6.3) 0.2–40.0

F. nucleatum 73 (83.0) 8.5 (6.4) 0.7–32.6
S. constellatus 9 (10.2) 7.4 (4.5) 2.4–13.3

C. rectus 13 (40.9) 0.2 (0.2) 0.1–1.0

* calculated as the average percent CFU recovery of the species among total cultivable anaerobic viable counts as
determined on non-antibiotic supplemented EBBA plates among patients culture-positive for the test species.

P. micra was isolated from all of the study patients, and P. intermedia/nigrescens and F. nucleatum
from 90.9% and 83.0% patients, respectively, with mean subgingival proportions of these species in
culture-positive patients ranging from 7.1% to 8.5%. T. forsythia was recovered from 53.4% of the
patients, and P. gingivalis from 10.2% patients. Total cultivable subgingival proportions of evaluated
red/orange complex species per patient averaged 24.5 ± 17.3 (SD) % on non-antibiotic containing
EBBA plates.

3.3. In Vitro Antibiotic Resistance Testing

Table 2 lists the number and percentage of patients with red/orange complex species exhibiting
in vitro resistance to the evaluated antibiotic breakpoint concentrations.
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Table 2. Patients with antibiotic-resistant red/orange complex species (antibiotic concentration).

Test Species TIN
(16 mg/L)

MET
(16 mg/L)

AMOX
(8 mg/L)

DOXY
(4 mg/L)

CLIN
(4 mg/L)

Red Complex Species:

P. gingivalis N * 0 0 1 (11.1) 0 2 (22.2)
% † 0 0 7.6 0 5.5 ± 6.4

T. forsythia N 0 0 14 (29.8) 5 (10.6) 25 (53.2)
% 0 0 2.7 ± 1.4 3.2 ± 1.7 2.4 ± 1.6

Orange Complex Species:

P. intermedia/nigrescens N 3 (3.8) 1 (1.3) 40 (50.0) 38 (47.5) 47 (58.8)
% 14.7 ± 14.6 2.8 9.1 ± 10.4 8.2 ± 11.5 7.3 ± 9.7

P. micra
N 9 (10.2) 2 (2.3) 2 (2.3) 34 (38.6) 48 (54.6)
% 10.1 ± 5.8 9.3 ± 9.5 4.2 ± 1.3 8.4 ± 5.8 8.2 ± 6.7

F. nucleatum
N 0 0 2 (2.7) 3 (4.1) 0
% 0 0 7.9 ± 2.9 6.5 ± 3.1 0

S. constellatus
N 8 (88.9) 9 (100) 0 2 (22.2) 0
% 7.4 ± 4.5 7.4 ± 4.5 0 11.3 ± 2.9 0

C. rectus
N 0 0 0 0 0
% 0 0 0 0 0

TIN = tinidazole. MET = metronidazole. AMOX = amoxicillin. DOXY = doxycycline. CLIN = clindamycin. *
Number (%) of patients with antibiotic-resistant strains of species among total species-positive patients. †Mean ±
SD percentage cultivable recovery of antibiotic-resistant strains of species in positive patients.

Tinidazole inhibited in vitro growth of all P. gingivalis isolates from 9 patients, T. forsythia from
47 patients, F. nucleatum from 73 patients, and C. rectus from 13 patients (Table 2). However, tinidazole
failed to inhibit in vitro growth of P. intermedia/nigrescens from 3 (3.8%) of 80 species-positive patients,
P. micra from 9 (10.2%) of 88 patients, and S. constellatus from 8 (88.9%) of 9 patients (Table 2).
Metronidazole exhibited similar in vitro drug resistance patterns as tinidazole (Table 2), except for
significantly less in in vitro resistance by P. micra clinical isolates to metronidazole as compared to
tinidazole (p < 0.05, Fisher’s exact test). In vitro resistance to amoxicillin, doxycycline, and clindamycin
by the evaluated red/orange complex species was significantly greater than was found to tinidazole
or metronidazole (all p-values < 0.05, Fisher’s exact test). This increased resistance of red/orange
complex species was particularly pronounced to clindamycin, where subgingival isolates of T. forsythia,
P. micra, and P. intermedia/nigrescens were resistant in vitro to clindamycin among more than 50% of
species-positive patients (Table 2).

Table 3 presents the prevalence among patients, and mean total cultivable subgingival proportions
of red/orange complex species per patient resistant to the test antibiotics, including post-hoc combination
of data for tinidazole plus amoxicillin, and metronidazole plus amoxicillin.

Table 3. Presence and levels of antibiotic-resistant red/orange complex species per patient.

Antibiotic (Breakpoint
Concentration)

No. (%) Patients Positive
with Drug-Resistant

Red/Orange Complex Species

Mean (SD) Total Cultivable Subgingival
Proportions of Drug-Resistant Red/Orange

Complex Species Per Patient

clindamycin (4 mg/L) 68 (77.3) 9.9 (12.2)
doxycycline (4 mg/L) 54 (61.4) 7.2 (10.7)
amoxicillin (8 mg/L) 47 (53.4) 4.7 (8.7)
tinidazole (16 mg/L) 21 (23.9) 2.5 (5.6)

metronidazole (16 mg/L) 12 (13.6) 1.0 (3.1)
tinidazole (16 mg/L) plus

amoxicillin (8 mg/L) * 3 (3.8) 0.5 (3.5)

metronidazole (16 mg/L)
plus amoxicillin (8 mg/L) * 1 (1.3) 0.03 (0.3)

* Post-hoc combination of in vitro resistance data for both antibiotics.
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Patients positive with tinidazole-resistant red/orange complex species (23.9%) were significantly
less prevalent than patients positive with amoxicillin (53.4%), doxycycline (61.4%), or clindamycin-
resistant (77.3%) test species (all p values < 0.001, Fisher’s exact test), but not those with
metronidazole-resistant strains (13.6%) (p = 0.08, Fisher’s exact test). Post-hoc combination of
in vitro resistance data for tinidazole plus amoxicillin, and for metronidazole plus amoxicillin, revealed
both of these antibiotic combinations able to inhibit all red/orange complex species among the study
patients, except for a subset of P. intermedia/nigrescens clinical isolates resistant to both tinidazole and
amoxicillin for 3 patients, and resistant to both metronidazole and amoxicillin for one patient.

Mean total cultivable subgingival proportional levels of tinidazole-resistant red/orange complex
species per patient (2.5%) were significantly less than cultivable proportions per patient found with
amoxicillin (4.7%), doxycycline (7.2%), and clindamycin (9.9%) (all p-values < 0.05, paired t-test), but not
with metronidazole (1.0%), which were significantly lower than with tinidazole (p < 0.01, paired t-test)
(Table 3). No significant differences were found between data combined post-hoc for tinidazole plus
amoxicillin, as compared to metronidazole plus amoxicillin, relative to mean cultivable subgingival
proportional levels of jointly-resistant red/orange complex species per patient (0.5 ± 3.5 (SD) % versus
0.02 ± 0.14 (SD) %, respectively; p = 0.195, paired t-test).

4. Discussion

The major finding from this study is that tinidazole performed similar to metronidazole, and
markedly better than amoxicillin, doxycycline, and clindamycin, with regard to in vitro inhibition of
fresh clinical isolates of red/orange complex periodontal pathogens recovered from adults with severe
periodontitis. Significantly fewer patients yielded tinidazole-resistant test species, and had significantly
lower cultivable subgingival proportional levels of tinidazole-resistant organisms per patient, than
patients with amoxicillin, doxycycline, or clindamycin-resistant species. The prevalence of patients
with one or more tinidazole-resistant red/orange complex species was not significantly different from
those with metronidazole-resistant isolates, but cultivable subgingival levels of test species per patient
resistant to tinidazole were significantly higher than those resistant to metronidazole. Only P. micra,
among the evaluated red/orange complex species, exhibited significantly more in vitro resistance to
tinidazole than metronidazole, even though 89.8% of P. micra-positive patients had all clinical isolates
of the organism susceptible to 16 mg/L of tinidazole. These in vitro antibiotic resistance findings are
clinically relevant to the selection of systemic antibiotics to be potentially employed in periodontitis
therapy since antibiotics ineffective in vitro against major periodontal pathogens under ideal laboratory
test conditions with planktonic microbial cells are unlikely to be of much therapeutic benefit against
periodontal pocket microbial biofilms during in vivo administration [7].

This study also provides the first published data on in vitro susceptibility to tinidazole among
subgingival P. gingivalis, T. forsythia, P. micra and C. rectus from severe periodontitis patients, and
all clinical isolates of these species were found to be susceptible to clinically-attainable therapeutic
concentrations of tinidazole as well as metronidazole. The low frequency of tinidazole resistance
by P. intermedia/nigrescens from 80 patients (3.8%), and none by F. nucleatum from 73 patients, in the
present study are in agreement with a previous report where only one of 10 periodontal P. intermedia
isolates, and none of 10 periodontal F. nucleatum strains, exhibited in vitro resistance to 16 mg/L of
tinidazole [31].

Neither tinidazole nor metronidazole were found to be effective in vitro against S. constellatus,
a Gram-positive facultative cocci implicated in progressive periodontitis, and poorly susceptible to
imidazole class antibiotics [33,42], including tinidazole [43]. This was expected since tinidazole has only
limited antimicrobial activity against non-anaerobic bacteria [44–46], which do not possess ferredoxin
or flavodoxin-like metabolic pathways needed for intracellular tinidazole drug reduction and formation
of redox intermediate metabolites that interfere with microbial nucleic acid synthesis [27,44,47]. Thus,
for severe periodontitis patients jointly colonized by high subgingival levels of both anaerobic and
facultative periodontal pathogens (such as anaerobic red/orange complex species and facultative
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S. constellatus and/or Aggregatibacter actinomycetemcomitans), combined use of tinidazole with another
antibiotic having a complementary but different range of antimicrobial activity may be indicated to
broaden the antimicrobial spectrum of drug chemotherapy [7,18,33]. This was done in a clinical study of
diabetes-associated periodontitis patients, where a systemic combination of tinidazole plus ampicillin
was prescribed as an adjunct to conventional mechanical-surgical periodontal therapy [48]. The present
in vitro study findings show that tinidazole plus amoxicillin would provide similar broad-spectrum
antimicrobial activity as metronidazole plus amoxicillin, a drug combination frequently employed
in human periodontal disease treatment [19]. Tinidazole additionally has been shown to exhibit
antimicrobial synergism in vitro in combination with either amoxicillin/clavulanic acid, levofloxacin, or
clindamycin against a mixed bacterial inoculum of periodontal origin [32]. Pharmacokinetic studies are
needed to determine the best dosing schedules for such possible combined antibiotic regimens in light
of differing half-life values for tinidazole and other non-imidazole antibiotics, such as amoxicillin [27].

Since tinidazole has a 12–14 hour serum half-life, which is approximately double that found
with metronidazole [49], providing mean gingival crevicular fluid concentrations of 13 mg/L of
tinidazole at 24 hours after a single 2-gram oral dose [23], tinidazole requires less frequent daily
patient dosing than metronidazole, and thereby offers an advantage over metronidazole relative to
attaining patient compliance with prescribed drug consumption frequency. As a result of these more
favorable pharmacokinetic properties permitting a more convenient once-a-day oral dose schedule for
tinidazole, its similar array of potential side effects and drug interactions as metronidazole [26], and its
similar antimicrobial activity against red/orange complex periodontal pathogens as metronidazole,
as documented in the present study, tinidazole should be considered in place of metronidazole for
systemic periodontitis drug therapy, particularly when patient compliance with a multiple dose
per day drug regimen is anticipated to be poor or difficult to attain. This would be in accord
with findings that patient compliance with drug dosing improves as the prescribed dose frequency
decreases [24], and recommendations that medications be favored that have the lowest daily prescribed
dose frequency [24]. However, systemic use of tinidazole, as well as with all other antibiotics in
periodontal therapy, should be selective in nature and reserved mostly for periodontitis patients having
a poor clinical outcome, and/or elevated persistence of key periodontal pathogens, after completion of
conventional mechanical periodontal treatment [18,50]. Periodontal microbiology laboratory analysis
may assist dental professionals in reducing the risk of therapeutic failure inherent with empirically
prescribed systemic periodontal antibiotic therapy [51] by identifying periodontal pathogens with
either predictable antibiotic susceptibility patterns or which display in vitro resistance to antibiotics
under consideration for in vivo use [7]. This approach will help limit overall patient exposure to
antibiotics, reduce development of adversely altered microbial populations at non-oral body sites, and
lower the risk of increased antibiotic resistance in the human microbiome. Additional in vitro and
clinical research is needed to further evaluate the potential use and efficacy of tinidazole in treatment
of human periodontal disease.

5. Conclusions

In vitro resistance to tinidazole was similar to metronidazole among fresh clinical isolates of
red/orange complex periodontal pathogens from severe periodontitis patients, and markedly less
than to amoxicillin, doxycycline, or clindamycin. As a result of its similar antimicrobial spectrum
against red/orange complex periodontal pathogens, and more convenient once-a-day oral drug dosing,
tinidazole should be considered in place of metronidazole for systemic periodontitis drug therapy
when it is clinically and/or microbiologically indicated, particularly when patient compliance with a
multiple dose per day drug regimen is anticipated to be poor or difficult to attain.

Author Contributions: Conceptualization, T.E.R.; methodology, T.E.R., J.D.S., A.J.v.W.; formal analysis, T.E.R.;
validation, J.D.S., A.J.v.W.; investigation, T.E.R., J.D.S., A.J.v.W.; resources, T.E.R., J.D.S., A.J.v.W.; data curation,
T.E.R., A.J.v.W.; writing—Original draft preparation, T.E.R.; writing—Review and editing, T.E.R., J.D.S., A.J.v.W.
All authors have read and agreed to the published version of the manuscript.



Antibiotics 2020, 9, 68 9 of 11

Funding: This research received no external funding.

Acknowledgments: The authors thank Daniel L. Lin for his participation in a portion of the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Chen, C.; Feng, P.; Slots, J. Herpesvirus-bacteria synergistic interaction in periodontitis. Periodontol. 2000
2020, 82, 42–64. [CrossRef]

2. Kinane, D.F.; Stathopoulou, P.G.; Papapanou, P.N. Periodontal diseases. Nat. Rev. Dis. Primers 2017, 3, 17038.
[CrossRef]

3. Colombo, A.P.V.; Tanner, A.C.R. The role of bacterial biofilms in dental caries and periodontal and peri-implant
diseases: A historical perspective. J. Dent. Res. 2019, 98, 373–385. [CrossRef]

4. Socransky, S.S.; Haffajee, A.D.; Cugini, M.A.; Smith, C.; Kent, R.L., Jr. Microbial complexes in subgingival
plaque. J. Clin. Periodontol. 1998, 25, 134–144. [CrossRef]

5. Diaz, P.I.; Hoare, A.; Hong, B.Y. Subgingival microbiome shifts and community dynamics in periodontal
diseases. J. Calif. Dent. Assoc. 2016, 44, 421–435. [PubMed]

6. Genco, R.J.; LaMonte, M.J.; McSkimming, D.I.; Buck, M.J.; Li, L.; Hovey, K.M.; Andrews, C.A.; Sun, Y.;
Tsompana, M.; Zheng, W.; et al. The subgingival microbiome relationship to periodontal disease in older
women. J. Dent. Res. 2019, 98, 975–984. [CrossRef] [PubMed]

7. Rams, T.E.; van Winkelhoff, A.J. Introduction to clinical microbiology for the general dentist. Dent. Clin. N.
Am. 2017, 61, 179–197. [CrossRef] [PubMed]

8. Loesche, W.J.; Giordano, J.; Soehren, S.; Hutchinson, R.; Rau, C.F.; Walsh, L.; Schork, M.A. Nonsurgical
treatment of patients with periodontal disease. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endod. 1996, 81,
533–543. [CrossRef]

9. Loesche, W.J.; Giordano, J.R.; Soehren, S.; Kaciroti, N. The nonsurgical treatment of patients with periodontal
disease: Results after 6.4 years. Gen. Dent. 2005, 53, 298–306. [PubMed]

10. Haffajee, A.D.; Torresyap, G.; Socransky, S.S. Clinical changes following four different periodontal therapies
for the treatment of chronic periodontitis: 1-year results. J. Clin. Periodontol. 2007, 34, 243–253. [CrossRef]

11. Feres, M.; Soares, G.M.; Mendes, J.A.; Silva, M.P.; Faveri, M.; Teles, R.; Socransky, S.S.; Figueiredo, L.C.
Metronidazole alone or with amoxicillin as adjuncts to non-surgical treatment of chronic periodontitis:
A 1-year double-blinded, placebo-controlled, randomized clinical trial. J. Clin. Periodontol. 2012, 39,
1149–1158. [CrossRef] [PubMed]

12. Preus, H.R.; Gunleiksrud, T.M.; Sandvik, L.; Gjermo, P.; Baelum, V. A randomized, double-masked clinical
trial comparing four periodontitis treatment strategies: 1-year clinical results. J. Periodontol. 2013, 84,
1075–1086. [CrossRef] [PubMed]

13. Smiley, C.J.; Tracy, S.L.; Abt, E.; Michalowicz, B.S.; John, M.T.; Gunsolley, J.; Cobb, C.M.; Rossmann, J.;
Harrel, S.K.; Forrest, J.L.; et al. Systematic review and meta-analysis on the nonsurgical treatment of chronic
periodontitis by means of scaling and root planing with or without adjuncts. J. Am. Dent. Assoc. 2015, 146,
508–524. [CrossRef] [PubMed]

14. Loesche, W.J.; Syed, S.A.; Morrison, E.C.; Kerry, G.A.; Higgins, T.; Stoll, J. Metronidazole in periodontitis. I.
Clinical and bacteriological results after 15 to 30 weeks. J. Periodontol. 1984, 55, 325–335. [CrossRef] [PubMed]

15. Haffajee, A.D.; Patel, M.; Socransky, S.S. Microbiological changes associated with four different periodontal
therapies for the treatment of chronic periodontitis. Oral Microbiol. Immunol. 2008, 23, 148–157. [CrossRef]
[PubMed]

16. Soares, G.M.; Mendes, J.A.; Silva, M.P.; Faveri, M.; Teles, R.; Socransky, S.S.; Wang, X.; Figueiredo, L.C.; Feres, M.
Metronidazole alone or with amoxicillin as adjuncts to non-surgical treatment of chronic periodontitis: A
secondary analysis of microbiological results from a randomized clinical trial. J. Clin. Periodontol. 2014, 41,
366–376. [CrossRef]

17. Preus, H.R.; Gjermo, P.; Scheie, A.A.; Baelum, V. The effect of metronidazole on the presence of P. gingivalis
and T. forsythia at 3 and 12 months after different periodontal treatment strategies evaluated in a randomized,
clinical trial. Acta Odontol. Scand. 2015, 73, 258–266. [CrossRef]

18. Slots, J. Systemic antibiotics in periodontics. J. Periodontol. 2004, 75, 1553–1565. [CrossRef]

http://dx.doi.org/10.1111/prd.12311
http://dx.doi.org/10.1038/nrdp.2017.38
http://dx.doi.org/10.1177/0022034519830686
http://dx.doi.org/10.1111/j.1600-051X.1998.tb02419.x
http://www.ncbi.nlm.nih.gov/pubmed/27514154
http://dx.doi.org/10.1177/0022034519860449
http://www.ncbi.nlm.nih.gov/pubmed/31329044
http://dx.doi.org/10.1016/j.cden.2016.11.001
http://www.ncbi.nlm.nih.gov/pubmed/28317561
http://dx.doi.org/10.1016/S1079-2104(96)80042-4
http://www.ncbi.nlm.nih.gov/pubmed/16158800
http://dx.doi.org/10.1111/j.1600-051X.2006.01040.x
http://dx.doi.org/10.1111/jcpe.12004
http://www.ncbi.nlm.nih.gov/pubmed/23016867
http://dx.doi.org/10.1902/jop.2012.120400
http://www.ncbi.nlm.nih.gov/pubmed/23106511
http://dx.doi.org/10.1016/j.adaj.2015.01.028
http://www.ncbi.nlm.nih.gov/pubmed/26113099
http://dx.doi.org/10.1902/jop.1984.55.6.325
http://www.ncbi.nlm.nih.gov/pubmed/6376759
http://dx.doi.org/10.1111/j.1399-302X.2007.00403.x
http://www.ncbi.nlm.nih.gov/pubmed/18279183
http://dx.doi.org/10.1111/jcpe.12217
http://dx.doi.org/10.3109/00016357.2014.920106
http://dx.doi.org/10.1902/jop.2004.75.11.1553


Antibiotics 2020, 9, 68 10 of 11

19. Feres, M.; Figueiredo, L.C.; Soares, G.M.; Faveri, M. Systemic antibiotics in the treatment of periodontitis.
Periodontol. 2000 2015, 67, 131–186. [CrossRef]

20. Walters, J.; Lai, P.C. Should antibiotics be prescribed to treat chronic periodontitis? Dent. Clin. N. Am. 2015,
59, 919–933. [CrossRef]

21. Loesche, W.J.; Grossman, N.; Giordano, J. Metronidazole in periodontitis (IV). The effect of patient compliance
on treatment parameters. J. Clin. Periodontol. 1993, 20, 96–104. [CrossRef]

22. Granizo, J.J.; Pía Rodicio, M.; Manso, F.J.; Giménez, M.J. Tinidazole: A classical anaerobical drug with
multiple potential uses nowadays. Rev. Esp. Quimioter. 2009, 22, 106–114. (In Spanish) [PubMed]

23. Liew, V.; Mack, G.; Tseng, P.; Cvejic, M.; Hayden, M.; Buchanan, N. Single-dose concentrations of tinidazole
in gingival crevicular fluid, serum, and gingival tissue in adults with periodontitis. J. Dent. Res. 1991, 70,
910–912. [CrossRef] [PubMed]

24. Eisen, S.A.; Miller, D.K.; Woodward, R.S.; Spitznagel, E.; Przybeck, T.R. The effect of prescribed daily dose
frequency on patient medication compliance. Arch. Intern. Med. 1990, 150, 1881–1884. [CrossRef] [PubMed]

25. Miller, M.W.; Howes, H.L.; English, A.R. Tinidazole, a potent new antiprotozoal agent. Antimicrob. Agents
Chemother. 1969, 9, 257–260. [PubMed]

26. Highlights of Prescribing Information-Tindamax® (Tinidazole) Tablets for Oral Use. Available online: https:
//www.accessdata.fda.gov/drugsatfda_docs/label/2007/021618s003lbl.pdf (accessed on 20 December 2019).

27. Manso, F.; Gamboa, M.S.; Giménez, M.; Bascones, A.; Gómez-Lus, M.L.; Aguilar, L. Why not revisiting
tinidazole as potential treatment of odontogenic infections? Rev. Esp. Quimioter. 2008, 21, 198–202.
(In Spanish)

28. Nanda Kumar, K.; Varmal, B.R.; Cheru, R.; Bai, M.; Sebastian, K. Efficacy of tinidazole in the treatment of
acute phases of periodontal disease. A preliminary study. J. Indian Dent. Assoc. 1984, 56, 415–418.

29. Wang, R.; Chen, L.; Ni, K. The effect of tinidazole in the treatment of adult periodontitis. Chin. J. Stomatol.
1996, 31, 303–306. (In Chinese)

30. Kiany, F.; Tarjan, A.; Moloudi, F. Assessing the effectiveness of systemic tinidazole as an adjunct to nonsurgical
periodontal therapy in the treatment of chronic periodontitis in smokers: A randomized double-masked,
placebo-controlled clinical trial. J. Dent. Res. Rev. 2016, 3, 54–59.

31. Alou, L.; Giménez, M.J.; Manso, F.; Sevillano, D.; Torrico, M.; González, N.; Granizo, J.J.; Bascones, A.;
Prieto, J.; Maestre, J.R.; et al. Tinidazole inhibitory and cidal activity against anaerobic periodontal pathogens.
Int. J. Antimicrob. Agents 2009, 33, 449–452. [CrossRef]

32. Alou, L.; Giménez, M.J.; Manso, F.; Sevillano, D.; Cafini, F.; Torrico, M.; González, N.; Prieto, J.; Alió, J.J.;
Aguilar, L. In vitro killing activity of crevicular concentrations of tinidazole plus common oral antibiotics
against high-density mixed inocula of periodontal pathogens in strict anaerobic conditions. J. Periodontol.
2010, 81, 131–138. [CrossRef]

33. Rams, T.E.; Degener, J.E.; van Winkelhoff, A.J. Antibiotic resistance in human chronic periodontitis microbiota.
J. Periodontol. 2014, 85, 160–169. [CrossRef]

34. Möller, A.J. Microbiological examination of root canals and periapical tissues of human teeth. Methodological
studies. Odontol. Tidskr. 1966, 74, 1–380.

35. Rams, T.E.; Degener, J.E.; van Winkelhoff, A.J. Antibiotic resistance in human peri-implantitis microbiota.
Clin. Oral Implants Res. 2014, 25, 82–90. [CrossRef] [PubMed]

36. Clinical and Laboratory Standards Institute. Performance Standards for Antimicrobial Susceptibility Testing,
29th ed.; CLSI Supplement M100; Clinical and Laboratory Standards Institute: Wayne, PA, USA, 2019;
pp. 100–102.

37. French Society of Microbiology Antibiogram Committee. The Recommendations of the Antibiogram Committee,
Recommendations 2010; French Society of Microbiology: Paris, France, 2010; p. 11. (In French)

38. Rams, T.E.; Sautter, J.D.; Getreu, A.; van Winkelhoff, A.J. Phenotypic identification of Porphyromonas gingivalis
validated with matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Microb. Pathog.
2016, 94, 112–116. [CrossRef]

39. Rams, T.E.; Sautter, J.D.; Hsiao, C.Y.; van Winkelhoff, A.J. Phenotypic identification of periodontal Prevotella
intermedia/nigrescens group isolates validated by MALDI-TOF mass spectrometry. Anaerobe 2018, 54, 201–204.
[CrossRef] [PubMed]

http://dx.doi.org/10.1111/prd.12075
http://dx.doi.org/10.1016/j.cden.2015.06.011
http://dx.doi.org/10.1111/j.1600-051X.1993.tb00336.x
http://www.ncbi.nlm.nih.gov/pubmed/19544102
http://dx.doi.org/10.1177/00220345910700050901
http://www.ncbi.nlm.nih.gov/pubmed/2022773
http://dx.doi.org/10.1001/archinte.1990.00390200073014
http://www.ncbi.nlm.nih.gov/pubmed/2102668
http://www.ncbi.nlm.nih.gov/pubmed/5396497
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021618s003lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2007/021618s003lbl.pdf
http://dx.doi.org/10.1016/j.ijantimicag.2008.10.012
http://dx.doi.org/10.1902/jop.2009.090409
http://dx.doi.org/10.1902/jop.2013.130142
http://dx.doi.org/10.1111/clr.12160
http://www.ncbi.nlm.nih.gov/pubmed/23551701
http://dx.doi.org/10.1016/j.micpath.2016.01.021
http://dx.doi.org/10.1016/j.anaerobe.2018.06.007
http://www.ncbi.nlm.nih.gov/pubmed/29913204


Antibiotics 2020, 9, 68 11 of 11

40. Feres, M.; Haffajee, A.D.; Goncalves, C.; Allard, K.A.; Som, S.; Smith, C.; Goodson, J.M.; Socransky, S.S.
Systemic doxycycline administration in the treatment of periodontal infections (II). Effect on antibiotic
resistance of subgingival species. J. Clin. Periodontol. 1999, 26, 784–792. [CrossRef] [PubMed]

41. McCawley, T.K.; McCawley, M.N.; Rams, T.E. Immediate effects of laser-assisted new attachment procedure
(LANAP) on human periodontitis microbiota. J. Int. Acad. Periodontol. 2018, 20, 163–171.

42. Rams, T.E.; Feik, D.; Mortensen, J.E.; Degener, J.E.; van Winkelhoff, A.J. Antibiotic susceptibility of periodontal
Streptococcus constellatus and Streptococcus intermedius clinical isolates. J. Periodontol. 2014, 85, 1792–1798.
[CrossRef]

43. von Konow, L.; Nord, C.E.; Nordenram, A. Anaerobic bacteria in dentoalveolar infections. Int. J. Oral Surg.
1981, 10, 313–322. [CrossRef]

44. Nord, C.E. Microbiological properties of tinidazole: Spectrum, activity and ecological considerations.
J. Antimicrob. Chemother. 1982, 10 (Suppl. SA), 35–42. [CrossRef] [PubMed]

45. Rao, P.S.; Shivananda, P.G. In vitro susceptibility testing of nonsporing anaerobes to ten antimicrobial agents.
Indian J. Pathol. Microbiol. 2000, 43, 281–284.

46. Petrina, M.A.B.; Cosentino, L.A.; Rabe, L.K.; Hillier, S.L. Susceptibility of bacterial vaginosis (BV)-associated
bacteria to secnidazole compared to metronidazole, tinidazole and clindamycin. Anaerobe 2017, 47, 115–119.
[CrossRef] [PubMed]

47. Müller, M. Mode of action of metronidazole on anaerobic bacteria and protozoa. Surgery 1983, 93, 165–171.
[PubMed]

48. Sun, W.L.; Chen, L.L.; Zhang, S.Z.; Wu, Y.M.; Ren, Y.Z.; Qin, G.M. Inflammatory cytokines, adiponectin,
insulin resistance and metabolic control after periodontal intervention in patients with type 2 diabetes and
chronic periodontitis. Intern. Med. 2011, 50, 1569–1574. [CrossRef] [PubMed]

49. von Konow, L.; Nord, C.E. Concentrations of tinidazole and metronidazole in serum, saliva and alveolar
bone. J. Antimicrob. Chemother. 1982, 10 (Suppl. SA), 165–172. [CrossRef]

50. van Winkelhoff, A.J.; Rams, T.E.; Slots, J. Systemic antibiotic therapy in periodontics. Periodontol. 2000 1996,
10, 45–78. [CrossRef] [PubMed]

51. Fine, D.H. Microbial identification and antibiotic sensitivity testing, an aid for patients refractory to
periodontal therapy. A report of 3 cases. J. Clin. Periodontol. 1994, 21, 98–106. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1600-051X.1999.tb02521.x
http://www.ncbi.nlm.nih.gov/pubmed/10599905
http://dx.doi.org/10.1902/jop.2014.130291
http://dx.doi.org/10.1016/S0300-9785(81)80027-0
http://dx.doi.org/10.1093/jac/10.suppl_A.35
http://www.ncbi.nlm.nih.gov/pubmed/6749794
http://dx.doi.org/10.1016/j.anaerobe.2017.05.005
http://www.ncbi.nlm.nih.gov/pubmed/28522362
http://www.ncbi.nlm.nih.gov/pubmed/6849201
http://dx.doi.org/10.2169/internalmedicine.50.5166
http://www.ncbi.nlm.nih.gov/pubmed/21804283
http://dx.doi.org/10.1093/jac/10.suppl_A.165
http://dx.doi.org/10.1111/j.1600-0757.1996.tb00068.x
http://www.ncbi.nlm.nih.gov/pubmed/9567937
http://dx.doi.org/10.1111/j.1600-051X.1994.tb00286.x
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Microbial Specimens 
	Microbial Sampling and Transport 
	Microbial Culture 
	Microbial Identification 
	In Vitro Antibiotic Resistance Testing 
	Laboratory Protocol and Study Approval 
	Data Analysis 

	Results 
	Total Cultivable Counts 
	Red/Orange Complex Species Recovery 
	In Vitro Antibiotic Resistance Testing 

	Discussion 
	Conclusions 
	References

