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Abstract
Background: Urease is an enzyme produced by plaque bacteria hydrolysing urea from saliva and gingival exudate
into ammonia in order to regulate the pH in the dental biofilm. The aim of this study was to assess the urease
activity among oral bacterial species by using the rapid urease test (RUT) in a micro-plate format and to examine
whether this test could be used for measuring the urease activity in site-specific supragingival dental plaque
samples ex vivo.
Methods: The RUT test is based on 2% urea in peptone broth solution and with phenol red at pH 6.0. Oral
bacterial species were tested for their urease activity using 100 μl of RUT test solution in the well of a micro-plate
to which a 1 μl amount of cells collected after growth on blood agar plates or in broth, were added. The color
change was determined after 15, 30 min, and 1 and 2 h. The reaction was graded in a 4-graded scale (none, weak,
medium, strong). Ex vivo evaluation of dental plaque urease activity was tested in supragingival 1 μl plaque
samples collected from 4 interproximal sites of front teeth and molars in 18 adult volunteers. The color reaction
was read after 1 h in room temperature and scored as in the in vitro test.
Results: The strongest activity was registered for Staphylococcus epidermidis, Helicobacter pylori, Campylobacter
ureolyticus and some strains of Haemophilus parainfluenzae, while known ureolytic species such as Streptococcus
salivarius and Actinomyces naeslundii showed a weaker, variable and strain-dependent activity. Temperature had
minor influence on the RUT reaction. The interproximal supragingival dental plaque between the lower central
incisors (site 31/41) showed significantly higher scores compared to between the upper central incisors (site 11/21),
between the upper left first molar and second premolar (site 26/25) and between the lower right second premolar
and molar (site 45/46).
Conclusion: The rapid urease test (RUT) in a micro-plate format can be used as a simple and rapid method to test
urease activity in bacterial strains in vitro and as a chair-side method for testing urease activity in site-specific
supragingival plaque samples ex vivo.
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Background
Urease is an enzyme that hydrolyses urea (carbamide)
into ammonia and carbon dioxide and is produced by
several bacterial species. Detection of urease activity has
become an important tool for the diagnosis of Helicobacter pylori infections in association with chronic gastritis, which increases the risk of developing peptic ulcer
[1, 2]. Several oral bacterial species have been shown to
produce urease e.g. Streptococcus salivarius, Actinomyces
naeslundii, Haemophilus parainfluenzae [3, 4] although
the understanding on the variation in the activity between species and strains is limited. Furthermore, the
extent of urease production in vivo by the dental plaque
bacteria is still unclear.
Urea is delivered in the gingival crevicular fluid (GCF)
and in all salivary gland secretions at concentrations ranging from 3 to 10 mM in healthy individuals [5, 6]. Several studies have shown that urea in such concentrations
can increase the baseline pH of the dental biofilm
(plaque) and may significantly counteract the effects of
glycolytic acidification in the plaque [7, 8]. Ammonia
could also be produced by the hydrolysis of a number of
amino acids. The net pH change in plaque is not only a
result of ureolysis but other factors are also involved [8].
Urease activity in the plaque in situ has been measured
indirectly by quantifying the amount of ammonia
formed using Nessler’s reagent [9–11]. Nessler’s reagent
is slow and estimates the ammonia concentration as well
as the urease activity indirectly, however it is not suitable as a chair side method.
The rapid urease test (RUT) is a simple method used
for the diagnosis of H. pylori infections [12] and which
also has been used for measuring the urease activity in
dental plaque samples ex vivo. In such studies focusing
on the presence of H. pylori in the dental plaque, it was
argued that H. pylori were the only dental plaque bacteria able to rapidly produce detectable amounts of urease [13]. The knowledge of the extent and rate of urease
production in oral bacteria is limited. The first aim of
this study was to use RUT to screen and grade the urease activity in oral bacterial species/strains in vitro. For
that purpose, the RUT method was modified into a
micro-plate format for the semi-quantification of bacterial urease activity by visual scoring. The second aim was
to test if this RUT method could be used as a simple
and rapid chair-side test to screen for site differences of
urease activity in ex vivo plaque.
Methods
Bacteria

As seen in Table 1, the bacterial strains used for in vitro
evaluation of RUT included both laboratory reference
strains (Culture Collection, University of Gothenburg,
CCUG, Sweden; American Type Culture Collection,
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ATCC) and own clinical isolates (Oral Microbiology,
Gothenburg, Sweden, OMGS). Campylobacter ureolyticus,
H. pylori, Staphylococcus epidermidis strains were used as
positive controls and Enterococcus faecalis, Escherichia
coli, Pseudomonas aeruginosa and Staphylococcus aureus
strains as negative controls according to their known
present or absent ureolytic activity [14]. In addition, oral
bacterial species e.g. A. naeslundii, H. parainfluenzae and
S. salivarius with documented ureolytic capacity were included [3, 4]. Furthermore, we also included a number of
strains commonly associated with supragingival and subgingival dental plaque (see Table 1). Fresh clinical isolates
of A. naeslundii, H. parainfluenzae and S. salivarius from
saliva samples in the oral microbiological diagnostic laboratory of the department, identified using common laboratory methods [14], were used for evaluation of
bacterial strain variability (Table 2).
Urease test

The NCTC micro method (National Collection of Type
Cultures, NCTC, Public Health England, UK) of RUT
used for detection of H. pylori in stomach samples
[15, 16] was modified into a micro-plate format and used
for the estimation of urease positive bacteria. Ureasebroth (Bakt lab, Sahlgrenska hospital, Gothenburg,
Sweden) was used in volumes of 100 μl in 96-hole microtiter plates (Nunc, Copenhagen, Denmark). The nutrient
broth contained 2% urea, pH 6.8, and phenol red as an indicator. The broth has an orange color, which turns yellow
at a lower pH and pink to red then purple at alkaline pH.
In vitro evaluation of urease activity in bacterial strains

The bacterial strains shown in Table 1 (including the
urease positive and negative control strains) were grown
on Brucella-blood agar plates aerobically for 2 days or, in
the case of anaerobic species, anaerobically for 5–7 days
at 36o C. Colonies from the plates were harvested by
scraping a loopful (1 μl Inoculation loop, Sarstedt,
Nümbrecht, Germany) of colony cells, which were
suspended into the urea-broth and incubated at 36 °C.
The color change was read after 15 min, and 30 min,
and 1 and 2 h. The visual color change was graded as no
reaction (0) for no color change (or noted as ‘changed to
yellow as a result of acid production’), + denoted a weak
reaction with a shift to pink color, ++ denoted a moderate reaction with a shift towards red and +++ a strong
reaction with a clear purple color.
S. epidermidis (OMGS 3949), C. ureolyticus (CCUG
7319), S. salivarius (OMGS 3945) and A. naeslundii
(OMGS 2466) were used as positive controls, and E. coli
(OMGS 3935) as a negative control, in experimental
series performed in order to further evaluate the
method’s dependency on time and temperature. To test
the time dependency, the plates were left on the bench
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Table 1 Bacterial species tested for urease activity with the RUT test, read after 1 h incubation at 36 °C
Bacterial species

Origin or strain designationa

Urease activityb

Actinomyces naeslundii

OMGS 2466

+

Actinomyces naeslundii

OMGS 1923

0

Actinomyces oris

OMGS 2683

+

Campylobacter gracilis

CCUG 27720

+

Campylobacter rectus

OMGS 1236

+

Campylobacter ureolyticus

CCUG 7319

+++

Enterococcus faecalis

ATCC19433

0

Escherichia coli

OMGS 3935

0

Fusobacterium nucleatum

OMGS 2685

0

Haemophilus parainfluenzae

CCUG 12836 T

0

Haemophilus. parainfluenzae

OMGS 199/11

++

Haemophilus parainfluenzae

OMGS 202/11

+++

Haemophilus parainfluenzae

OMGS 203/11

+++

Helicobacter pylori

ATCC 43504

+++

Lactobacillus casei/paracasei

OMGS 3184

0

Lactobacillus. salivarius

CCUG 55845

0

Lactobacillus fermentum

OMGS 3182

+

Porphyromonas gingivalis

OMGS 2860

0

Prevotella intermedia

OMGS 2514

0

Pseudomonas aeruginosa

OMGS 3943

0

Rothia dentocariosa

OMGS 1956

0

Streptococcus mitis

CCUG 31611

+

Streptococcus mutans

OMGS 2482

0

Streptococcus salivarius I

OMGS 3944

0

Streptococcus salivarius II

OMGS 3945

+

Streptococcus sanguinis

OMGS 2478

0

Staphylococcus aureus

OMGS 3947

+

Staphylococcus epidermidis

OMGS 3949

+++

Tannerella forsythia

ATCC43037

0

a

ATCC and CCUG means reference strains, OMGS means clinical isolates from the department collection
b
The visual color change was graded as no reaction (0) for no color change, + denoted a weak reaction with a shift to pink color, ++ denoted a moderate reaction
with a shift towards red and +++ a strong reaction with a clear purple color

Table 2 Reactions from the clinical oral isolates in the RUT method read after 1 h. Cells were obtained from agar plates by scraping
(1 μl)
Bacteria

No reaction
No of strains
(%)

Weak
No of strains
(%)

Moderate
No of strains (%)

Strong
No of strains (%)

Streptococcus salivarius
(N = 8)

4 (50%)

2 (25%)

2 (25%)

0 (0%)

Actinomyces naeslundii
(N = 8)

7 (87.5%)

1 (12.5%)

0 (0%)

0 (0%)

Haemophilus. parainfluenzae
(N = 5)

1 (20%)

0 (0%)

0 (0%)

4 (80%)
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and were read every hour for another 4 h and finally
after 24 h. The temperature dependency was tested at
similar time points after incubation of the plates at the
temperature’s 20, 25 and 36 °C. All experiments were
performed in triplicate.
The same bacterial strains were used to test RUT for
the dependence of glucose and lowered pH during the
bacterial growth before inoculation in the urea test
broth. The strains were incubated in a peptone broth
containing 0.1, 0.5 or 1.0% glucose for 1–2 days. The
final pH was measured and the bacterial cells were harvested by centrifugation and a loopful (1 μl) amount was
then used to test the urease activity with the RUT
method. The reaction was followed and read after 1 h.
The strain variability in urease activity was tested by
using fresh clinical isolates of S. salivarius (8 strains), A.
naeslundii (8 strains) and H. parainfluenzae (5 strains)
and using both cells obtained from agar plates (1 μl) and
from a pellet (1 μl) after broth culture.
Ex vivo evaluation of urease activity in dental plaque

Eighteen volunteers (11 females and 7 males, mean age
± SD of 37.3 ± 15.4, range 25–69) among students and
laboratory personnel at the Institute of Odontology,
University of Gothenburg, participated in the test. They
had a DMFT±SD (Decayed Missed Filled Teeth ±Standard deviation) of 9.7 ± 5.54. No further specific inclusion
criteria were considered necessary for evaluating the
RUT method on dental plaque ex vivo. The subjects
were instructed not to brush their teeth 2 days prior to
the test and not to eat or drink anything except water
2 h prior to the test. They all participated voluntarily
and gave an informed consent.
Individual supragingival plaque samples were collected
by scraping with a curette from interproximal sites between the lower incisors (site 31/41), between the upper
incisors (site 11/21), between the upper left first molar
and second premolar (site 26/25), and between lower
right second premolar and molar (site 45/46) on 18
adult individuals. A loopful (1 μl) amount of plaque from
each respective site was added to 100 μl of urea broth in
a 96-hole plate and left in room temperature. The color
reaction was read after 1 h and was graded similar to the
bacterial in vitro tests.
Statistical analysis

Non-parametric Mann-Whitney test were used to analyse the difference of urease activity of the interproximal
supragingival plaque between the sites. The statistical
analysis were performed using Microsoft® Excel® for Mac
(Version 14.4.8, 2011) and KaleidaGraph® (version 4.1.2,
Synergy Software. 2011). It was considered statistically
significant if the p-value was < 0.05.
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Results
Urease evaluation in vitro

Distinct reactions were obtained after 1 h at 36 °C using
bacteria grown on agar plates (Table 1). Strong, purple
and rapid reactions (+++) were seen for C. ureolyticus, H.
parainfluenzae (two strains), H. pylori and S. epidermidis,
which had already turned purple after 15 min. One strain
of H. parainfluenza showed a slower, moderate reaction
(++) whereas another showed no reaction after 1 h. Weak
and pink color reactions (+) only were registered for some
strains of Actinomyces spp., Campylobacter spp., Lactobacillus spp., alpha-streptococci and S. aureus. No reaction
(0) was obtained from the anaerobic periodontal disease
associated species; e.g. Porphyromonas gingivalis, Tannerella forsythia, Fusobacterium nucleatum and Prevotella.
intermedia or opportunistic strains tested; e.g. P. aeruginosa, E. faecalis and E. coli.
The time dependency tests showed that both slow and
rapid urease-producing bacteria could clearly be distinguished after 1 h incubation in the RUT-medium. Strong
positive strains (H. pylori, C. ureolyticus, S.epidermidis
and H. parainfluenzae) showed a color change to purple
within 15 min. The color change was otherwise gradual
and slow for urease positive oral strains with minor, insignificant changes from 1 h to 2 h. Bacterial strains that
did not change colors within 2 h were registered as
negative. From these findings it was decided to read the
reactions after a fixed time (1 h) for the strains (Table 1)
and plaque samples (Fig. 1). Moreover, the effect of
temperature (20, 25, or 36 °C) was only marginal on the
color reaction (data not shown) and, thus, the final color
reaction was read after 1 h at room temperature in all
further in vitro and ex vivo experiments.
The urease activity in cells cultured in broth with a
glucose concentration < 1% was generally weaker than in
cells after plate culture. The influence of pH during
growth was found to be negligible in the interval between 6.0 and 7.5 but a yellow color developed for some
streptococcal strains with a pH < 5.0 in the broth before
harvesting.
Tests using several strains of the same species showed
strong urease activity after 1 h (+++) in 4 strains (80%)
of H. parainfluenzae and a moderate (++) and a weak
reaction (+) in 2 strains (25%) respectively of S. salivarius. No reaction (0) was seen for 7 of the 8 strains of A.
naeslundii tested, while one strain showed a weak positive reaction. The result was the same regardless if the
cells were grown on agar or in broth (Table 2) and illustrates the phenotypic variability between the strains of
the same species.
Ex vivo urease plaque test

Interproximal supragingival plaque samples collected
from the interproximal site of the lower central incisors
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Fig. 1 Urease activity (% of samples) in plaque samples from between upper (interproximal site 11/12) and lower (interproximal site 31/41)
central incisor and from the mesial aspect of upper left (interproximal site 26/25) and lower right (interproximal site 45/46) first molar of 18
adult volunteers

(31/41) showed significantly higher urease activity than
samples from the interproximal sites of upper central incisors (11/12) (p < 0.05), upper left first molar and premolar
(26–25) (p < 0.05) and lower right first molar and premolar (45–46) (p < 0.001). The differences between the
three latter sites were not significant. The frequency of the
RUT scores for each of the 4 sites is shown in Fig. 1.

Discussion
Urea agar or broth test has been used routinely in bacteriological laboratories to test bacterial strains for urease activity. The broth test is described in most manuals
in clinical microbiology [14]. It is a simple, reliable, and
rapid test that is used in vivo/ex vivo for diagnostic purpose to detect urease positive H. pylori in peptic ulcers
[15]. For the detection of H. pylori infections, both inhouse and commercial variants of RUT have been developed [15–17]. The present study found that a NCTC
modified micro-titer plate method of the rapid urease
test (RUT) could be used to screen and semi-quantify
the urease activity among bacterial strains in vitro and
as a chair-side method for assessing the site specific
ureolytic activity in dental plaque samples ex vivo.
A strong reaction was noticed already after 15 min for
bacteria with the most expressed urease activity such as
H. pylori, C. ureolyticus and S. epidermidis, which are
not normally considered as resident in the dental plaque.
Some oral streptococci e.g. S. salivarius and S. mitis
showed weak urease activity. Others like A. naeslundii,
more commonly found in the dental plaque also showed
a weak activity. Both streptococci and Actinomyces
strains needed 1–2 h to show some reaction. Longer incubation time may affect the outcome of the test due to
bacterial growth and acid production from sugars or ammonia production by amino acid degradation

(arginolysis). One hr. was therefore chosen as a reliable
incubation time that could be used also for chair-side
tests. Furthermore, tests performed at 20, 25 and 36 °C
showed that temperature had a limited effect on the urease reaction and there was no difference between the results obtained from plate and broth cultured bacterial
cells. Also, except for strong acidogenic species giving
slightly yellow color in the in vitro test if the cell material used for inoculation had a low pH (≤ 5), similar results were obtained from cells grown with or without
glucose before the RUT test. These findings suggest that
the production of urease by bacteria is a stable and conserved characteristic for many bacterial species, which is
generally not affected by environmental factors such as
temperature and the presence of glucose or the broth.
They further suggest that for ex vivo estimation of the
plaque urease activity, RUT should be used on patients
who have abstained from sugar-containing food or
drinks for at least 2 h. Also, the amount of bacterial cells
and plaque material for ex vivo test using RUT, may
affect the outcome. There is, however, no ideal and standardized way to collect dental plaque. We evaluated the
use of a loopful (1 μl) and found the amount to give
minor, non-significant variations only when repeated in
triplicates.
Many oral bacteria are described in the literature as
being ureolytic. Much focus has been paid on S. salivarius and A. naeslundii [8], which have been claimed to
play an important role in the dental plaque ecology by
reducing the plaque acidity and thereby having anticariogenic effects [7, 18–20]. Other streptococci have
not been shown to have this capacity. Most of the referred studies are performed in models in vitro and the
phenotypic expression of the involved genes encoding
for the enzyme activity may vary due to the environment
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[21–23]. This may be one reason why the ureolytic capacity was not a common feature for the phenotype of
the strains of S. salivarius and A. naeslundii tested in
the present study. The low activity of the A. naeslundii
strains may be explained by several taxonomic revisions
of this species (previously named Genospecies I and II)
[24, 25]. Genospecies II (previously called A. viscosus) is
now called A. oris and the strain tested here showed a
positive reaction, while those classified as A. naeslundii
had a weaker capacity.
For H. parainfluenzae, which are not implicated in
caries disease but more associated with gingivitis
[26, 27], 4 out of 5 strains showed a strong and rapid
urease activity (Table 2). No urease activity seen for one
strain may be due to different biotypes. In a recent publication, strains of the genus Haemophilus and especially
H. parainfluenzae were significantly more prevalent in
the dental plaque of children with a high urease activity
and it was concluded that they were major contributors
of the urease enzyme for the alkali production in the
plaque [28]. Thus, previous and present findings suggest
that H. parainfluenzae may be of greater importance to
the alkalization of the dental plaque through ureolysis
than streptococci and Actinomyces spp.
It is worth notice that F. nucleatum, P. gingivalis, P.
intermedia and T. forsythia, all associated to periodontal
disease were negative for ureolytic activity. This is of no
surprise due to the fact that the periodontal pocket normally is slightly alkaline [29], and there is less need for
the acid intolerant bacteria to neutralize acids compared
to the acidogenic supragingival environment.
It is important to note that also some other bacterial
species such as Campylobacter spp. (C. ureolyticus in
particular) and H. pylori showed a rapid ureolytic activity, giving a positive purple reaction within 15 min. They
are normally considered to belong to the gastrointestinal and not to the oral microbiota. However, C.
ureolyticus as well as H. pylori are intermittently found
in the dental plaque from the subgingival area and in
periodontal diseases when DNA probes or PCR methodology are used for the analyses [30, 31]. The strong and
rapid reaction of these two bacteria indicate a putative
significant contribution to the net urease activity in the
plaque, even when present in lower numbers compared
to other but predominant plaque bacteria, with a considerably lower urease activity. According to a recently
published review the RUT method has also been used
for the detection of H. pylori in dental plaque [13]. In
view of our finding of many urease positive species that
can be present in the dental plaque, this must be considered doubtful.
One advantage with the RUT method applied for
plaque samples is the possibility to use it sitespecifically. The screening of four different sites in a
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group of adult individuals showed a strong activity in
the mandibular anterior region of > 70% of the individuals. This activity was significantly higher than in plaque
samples from the other sites of the dentition tested. It is
well known that the teeth in the mandibular anterior region are characterized by a low caries experience and
high prevalence of calculus, related to low and high pH,
respectively. Ureolysis may therefore have a biological
impact on both periodontitis and caries. This study did,
however, not consider the clinical status of the included
individuals. It did, however, show that the method could
be used as a chair side method for site-specific urease
activity measurements, which could be of interest for
the evaluation the individual susceptibility to dental
diseases.

Conclusions
This study evaluated the usefulness of a simple test
(Rapid urease test, RUT) for the assessment and semiquantification of the ureolytic activity in various bacterial species in vitro as well as in dental plaque samples ex
vivo. Bacteria with strong, moderate, weak or no activity
were distinguished. Strains of Haemphilus parainfluenzae, but not of other common plaque bacteria tested,
showed strong and rapid urease activity. Dental plaque
from mandibular anterior teeth frequently showed a significantly higher urease activity ex vivo than plaque from
other sites. It can be concluded that the RUT method
can be used as a simple and rapid method in order to assess urease activity in bacteria in vitro and in plaque
samples ex vivo.
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