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Abstract

Objective The aim of this study was to evaluate the effect of nystatin on the efficacy of chlorhexidine against Streptococcus
mutans in planktonic cells and mixed biofilm with Candida albicans.

Material and methods S. mutans ATCC 25,175 in suspension and also combined with C. albicans ATCC 18,804 in biofilm
were cultured. Minimum inhibitory concentration (MIC), crystal violet colorimetric assay, and colony-forming unit count-
ing (CFUs/mL) were performed.

Results An increased MIC of chlorhexidine against S. mutans was observed when the drugs were administered mixed in a
single formulation and with time intervals in between, except for the 30-min interval. The biofilm optical density (OD) in
treatments using chlorhexidine and nystatin combined did not significantly differ from chlorhexidine alone. Either in biofilm
colorimetric assay or determination of CFUs, the combined treatments with nystatin administered before chlorhexidine had
less effect on chlorhexidine efficacy.

Conclusions Nystatin interferes with the action of chlorhexidine against S. mutans. The antimicrobial effectiveness of
the combined drugs depends on their concentration, time interval used, and the planktonic or biofilm behavior of the
microorganisms.

Clinical relevance In view of the great number of patients that can receive a prescription of chlorhexidine and nystatin con-
comitantly, this study contributes to the knowledge about the effect of the combined drugs. Given the high prevalence of pre-
scriptions of chlorhexidine and nystatin in dentistry, dental professionals should be aware of their possible antagonistic effect.
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Introduction

With increase in life expectancy, a substantial number of
people experience immunodeficiency worldwide. This
happens mostly as a consequence of therapies for cancer,
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autoimmune diseases, and organ transplantation, but is also
associated with HIV. Opportunistic infections are a major
concern in immunocompromised patients, where the oral
cavity is an important source of infection, since it is colo-
nized by various microorganisms, including viruses, pro-
tozoa, fungi, archaea, and bacteria [1]. Because of the risk
of developing systemic complications of opportunistic oral
infections, the prescription of antimicrobial mouthwashes
is often required [2].

Chlorhexidine is a cationic bisbiguanide, which is con-
sidered one of the most commonly prescribed antimicro-
bials due to its broad spectrum against gram-negative and
gram-positive bacteria and some mycetes [3, 4]. It is avail-
able as acetate, hydrochloride, and digluconate salts. The
first two are poorly soluble in water, and the last is water
soluble and has been indicated in routine dental procedures
as a mouthwash, gel, and spray [4, 5]. Chlorhexidine has
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been prescribed in oral care for various purposes, such as
chemical control of dental biofilm, root canal irrigation, and
treatment of oral infections. These include infections affect-
ing xerostomic patients, who are at high risk of periodontal
disease and dental caries, where the latter mainly involves
Streptococcus mutans [3, 4, 6, 7]. In addition, it can be con-
sidered an alternative antifungal agent to treat oral candidi-
asis [8]. Chlorhexidine has also been prescribed to reduce
the risk of developing ventilator-associated pneumonia in
critical care patients [9].

Nystatin, in turn, is a polyene antifungal that is effective
against Candida, Cryptococcus, Aspergillus, Histoplasma,
and Blastomyces [10, 11]. The drug is available in the form
of cream, tablets, suspension, mouthwash, gel, and lozenges
[12]. Nystatin is limited to topical use because of insignifi-
cant oral absorption and also systemic toxicity related to
intravenous administration. It is prescribed to treat oral can-
didiasis, where an overgrowth of Candida spp. is involved,
especially C. albicans [12—14]; it plays an important role
in the prophylaxis of oral and systemic candidiasis in new-
borns, infants, and immunocompromised patients [13].

Barkvoll and Attramadal [15] evaluated, in vitro, the
effect of mixed chlorhexidine and nystatin in a single for-
mulation against C. albicans and found that when combined,
these drugs exhibited an antagonistic interaction, forming
an ineffective low-solubility salt. Some authors, however,
recommend the simultaneous use of the two drugs to treat
denture-related stomatitis [16]. Recently, Scheibler et al.
[17] demonstrated, in vitro, that the combination of chlo-
rhexidine and nystatin seemed to impair the efficacy of the
drugs against C. albicans, especially in biofilm.

Chlorhexidine has been widely prescribed worldwide,
and, despite the controversies regarding this issue, patients
may be given prescriptions of chlorhexidine and nystatin at
the same time. This is a major concern regarding hospital-
ized immunocompromised patients [13], especially those in
the intensive care unit (ICU) and geriatric ones, who often
develop oral candidiasis, meanwhile having difficulty with
maintaining oral hygiene by themselves. Particularly, the
situation in the ICU, with high risk of systemic complica-
tions of opportunistic infections associated with oral biofilm,
which are also favored by hyposalivation, often demands
prescriptions of nystatin and chlorhexidine, since these are
gold-standard antimicrobial mouthwashes for Candida spp.
and bacteria, respectively [2, 4, 8]. However, the empirical
use of the combination of these drugs, with no established
protocols to prevent possible interactions, might impair
treatment efficacy, increasing cost and the patient’s time in
the unit. Even though studies evaluating the effectiveness
of the drug combination against C. albicans have already
been conducted, the literature lacks investigations focusing
on the effect of combined chlorhexidine and nystatin on the
antibacterial activity of chlorhexidine. Therefore, the present
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study aimed to investigate the effect of nystatin on the anti-
microbial efficacy of chlorhexidine against S. mutans in
planktonic cells and mixed biofilm with Candida albicans.

Materials and methods
Study design

The broth microdilution assay was performed according to
Clinical and Laboratory Standards Institute guidelines [18,
19], to determine the minimum inhibitory concentration
(MIC) of chlorhexidine against S. mutans, when combined
with nystatin. The efficacy of chlorhexidine and nystatin in
combination was also examined in a mixed biofilm of §.
mutans and C. albicans. Figure 1 describes schematically
the procedures carried out in the study.

Microbial isolates

S. mutans ATCC 25,175 was recovered in brain heart infu-
sion broth (BHI, Oxoid, Basingstoke, Hampshire, UK) and
grown on BHI agar plates, at 37 °C for 48 h. C. albicans
ATCC 18,804 was recovered in 2% yeast extract-peptone-
dextrose (YPD; Himedia, Mumbai, India; 2% D-glucose,
2% peptone, 1% yeast extract) broth and grown on YPD agar
plates at 30 °C for 48 h.

Minimum inhibitory concentration assay

The antimicrobial agents used were aqueous 20% chlorhex-
idine digluconate (Sigma-Aldrich, St. Louis, MO, USA)
and 2 mg/mL stock solution of nystatin (Sigma-Aldrich)
prepared in dimethyl sulfoxide (DMSO; Dinamica Quimica
Contemporanea Ltda., Sdo Paulo, SP, Brazil) [20]. The inoc-
ulum of S. mutans was adjusted to 0.5 McFarland turbidity
(1.5x 10® CFU/mL) [21]. The suspension density was also
determined with a spectrophotometer (Genesys 20, Thermo
Scientific, Waltham, MA, USA) at 600 nm, with the final
inoculum adjusted to an absorbance of 0.11-0.14. Concen-
tration, viability, and purity of the inoculum were evaluated
[17].

A 2-pL aliquot of the inoculum suspension was added
to each well containing 100 pL of BHI broth in the 96-well
microplate. Next, the drugs were added by using a two-fold
serial dilution where concentrations ranged from 0.5 to
64 pg/mL (0.5, 1, 2, 4, 8, 16, 32, and 64 pg/mL) for chlo-
rhexidine and 0.25 to 32 pg/mL (0.25,0.5, 1,2, 4, 8, 16, and
32 pg/mL) for nystatin [18]. The same process was repeated
considering the different treatments, with 10 replicates for
each one, where S. mutans was treated with (1) chlorhex-
idine; (2) nystatin; (3) chlorhexidine and 30 min later with
nystatin; (4) nystatin and 30 min later with chlorhexidine;
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Fig. 1 Schematic representation of the study procedures. The broth
microdilution assay was performed to determine the minimum inhibi-
tory concentration (MIC) of chlorhexidine against S. mutans when
combined with nystatin (1). The efficacy of chlorhexidine and nysta-

(5) chlorhexidine and 1 min later with nystatin; (6) nystatin
and 2 min later with chlorhexidine; (7) chlorhexidine and
10 min later with nystatin; (8) nystatin and 10 min later with
chlorhexidine; and (9) chlorhexidine and nystatin in a single
formulation.

The time intervals between the administrations of the
drugs were based on a previous study [17]. The 30-min

Spectrophotometer
570 nm

tin in combination was also examined in a mixed biofilm of S. mutans
and C. albicans (2). Parts of the figure were drawn by using Servier
Medical Art templates, which are licensed under a Creative Com-
mons Attribution 3.0 Unported License (https://smart.servier.com)

interval was based on the recommended time interval
between chlorhexidine and fluoride toothpaste use [22].
The interval of 1 min and 2 min, in turn, corresponded to
the recommended mouthwash time for chlorhexidine and
nystatin, respectively. And the interval of 10 min was chosen
as an intermediate time. Chlorhexidine and nystatin in a sin-
gle formulation was a mixture of chlorhexidine and nystatin
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used to administer the two drugs simultaneously, which was
prepared immediately before use [17].

After the treatments, the plates were incubated at 37 °C
for 48 h. Afterwards, the optical density (OD) of the S.
mutans suspension was determined with a spectrophotom-
eter (SpectraMax190) at 600 nm. MIC criterion was the
lowest concentration of the test agent capable of reducing
bacterial growth by 70%.

Biofilm formation

C. albicans was grown in 2% YPD at 30 °C and S. mutans in
BHI broth in a microaerophilic chamber at 37 °C, both for
16 h. Next, cultures were centrifuged (8000 rpm, 5 min), and
the supernatant was removed. The pellet was resuspended in
1 mL of sterile phosphate-buffered saline (PBS, pH 7.2) and
washed twice and the concentration adjusted to 0.800-1 OD
[17, 23] using a spectrophotometer (Genesys 20) at 570 nm.
Equal volumes of each bacterial and fungal suspension (75
pL) were added to the well, in a flat-bottom 96-well plate,
and incubated at 37 °C for 2 h to promote adherence of the
cells to the surface [24]. The wells were then washed twice
with sterile PBS to remove the non-adherent cells, and 150
pL of BHI were added. The plate was incubated at 37 °C for
48 h [25, 26]. Afterwards, non-adherent cells were removed,
the plate was examined under light microscopy (400 X mag-
nification; Light Microscope CX31, Olympus) to verify the
occurrence of S. mutans and C. albicans cells in the bio-
films, and the treatments were then applied.

Biofilm treatment

Biofilm received the different treatments tested on plank-
tonic samples, but with only two concentrations for each
drug. The concentrations of chlorhexidine and nystatin used
were equal to or just above the MIC in each group. The
MIC used for nystatin was based on Scheibler et al. [17]. All
assays were performed with 10 replicates.

After the treatments, the biofilm plates with the drugs
were incubated at 37 °C for 48 h. Later, the biofilm was
gently washed twice with PBS, stained with 0.1% crystal
violet for 10 min, washed with PBS, and fixed with 96%
ethanol. The crystal violet OD, which indicates the concen-
tration of viable cells in the biofilms, was determined with
a spectrophotometer (SpectraMax 190) at 570 nm. Also, the
coefficient of drug interaction (CDI) was calculated accord-
ing to the formula CDI=AB/(AxB), where AB is the ratio
of the treatment combination to the control and A or B is the
ratio of the single treatment to the control. CDI greater than
1 indicates that the drugs are antagonistic [27].

Since the crystal violet colorimetric assay determines the
total biomass of the mixed-species biofilm, without distin-
guishing S. mutans from C. albicans, CFU counting was also
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performed [28]. The biofilm was washed with sterile PBS;
cells were resuspended in 200 puL of PBS and subjected to
ultrasound for 10 min, followed by pipetting up and down.
Subsequently, cell suspensions underwent serial dilution and
were plated (10 pL drops) on BHI agar with amphotericin B
(0.025 mg/mL) and incubated at 37 °C for bacterial growth;
the same plating was done on Sabouraud dextrose agar
(SDA; Himedia) with chloramphenicol (0.005 mg/mL) at
30 °C for yeast growth. The incubation period was 48 h [23,
29]. Colonies formed were then counted, and CFU/mL was
determined for S. mutans and C. albicans, for the different
biofilm treatments. The assay was performed in triplicate.

Statistical analysis

Data were analyzed using descriptive statistics and one-way
ANOVA complemented by Dunnett’s T3 multiple compari-
sons test in SPSS 21.0, at a significance level of 5%.

Results
Chlorhexidine MIC analysis

Chlorhexidine alone and in the combinations with a 30-min
interval was capable of reducing bacterial growth by 70%
at the lowest concentration tested (MIC <0.50 pg/mL). The
other groups, either with different intervals between the
drugs or single formulation, exhibited a higher MIC, where
chlorhexidine/1 min/nystatin had the highest mean (1 pg/
mL) (Table 1).

S. mutans suspensions
Table 2 exhibits the OD for S. mutans suspensions accord-

ing to the different treatments (ANOVA, Dunnett’s T3,
a=0.05). At higher concentrations (C2, C3), chlorhexidine

Table 1 Minimum inhibitory concentration (MIC) for chlorhexidine
in broth microdilution, according to the treatment applied

Treatment MIC of chlorhexidine (pg/mL)

Mean SD Minimum Maximum

Chlorhexidine
Chlorhexidine/30 min/nystatin

<0.50 0.00
<0.50 0.00 <0.50 <0.50
Nystatin/30 min/chlorhexidine <0.50 0.00 <0.50 <0.50
Chlorhexidine/1 min/nystatin ~ 1.00  0.00 1.00 1.00

<050 <050

Nystatin/2 min/chlorhexidine  0.55  0.16 <0.50 1.00
Chlorhexidine/10 min/nystatin  0.65 047 <0.50 2.00
Nystatin/10 min/chlorhexidine 0.85  0.24 <0.50 1.00
Chlorhexidine/nystatin single  0.55 0.16 <0.50 1.00

SD standard deviation
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alone exhibited the lowest OD. However, it did not signifi-
cantly differ from the OD of chlorhexidine/nystatin single
formulation. At lower concentrations (C4, C5, C6, C7, C8),
the combination of the drugs did not interfere with the effect
of chlorhexidine. Still, at these concentrations, the single
formulation of chlorhexidine/nystatin exhibited a better
effect than chlorhexidine alone. At C1, an orange-brown
precipitate was observed at the bottom of the wells when
the drugs were combined, except in chlorhexidine/nystatin
single formulation.

S. mutans and C. albicans mixed biofilm

In biofilm treatments, the chlorhexidine and nystatin com-
bined groups did not significantly differ from chlorhexidine
alone at the concentrations tested. However, at C1, the nysta-
tin/2 min/chlorhexidine group had a significantly lower OD
than nystatin alone, and also than the 10-min and 30-min
groups. When C2 was tested, nystatin/2 min/chlorhexidine
still had a significantly lower OD than nystatin/30 min/chlo-
rhexidine but did not differ from the other groups (Table 3,
ANOVA, Dunnett’s T3, a«a=0.05). Table 4 presents the CDI
for each treatment combination in the biofilm assay, and
Fig. 2 shows the comparison of OD between S. mutans sus-
pensions and mixed S. mutans/C. albicans biofilms.

CFU counts

Figure 3 displays the CFU/mL counts for S. mutans and C.
albicans according to the different treatments. Chlorhexidine
alone and nystatin/10 min/chlorhexidine showed the lowest
counts for S. mutans. Nystatin alone displayed significantly

Table 4 Coefficient of drug interaction (CDI) for chlorhexidine and
nystatin combinations in the Candida albicans and Streptococcus
mutans biofilm assay according to the treatment used

Treatment CDI
Cl1 C2

Chlorhexidine/30 min/nystatin 2.105 2272
Nystatin/30 min/chlorhexidine 1.986 2.280
Chlorhexidine/1 min/nystatin 1.905 1.536
Nystatin/2 min/chlorhexidine 1.695 1.452
Chlorhexidine/10 min/nystatin 2.401 2.285
Nystatin/10 min/chlorhexidine 2401 2.285
Chlorhexidine/nystatin single 1.570 1.517

C1I 2 pg/mL chlorhexidine and 1 pg/mL nystatin, C2 1 pg/mL chlo-
rhexidine and 0.5 pg/mL nystatin

higher bacterial counts than the other groups. Chlorhexidine/
nystatin single formulation exhibited greater CFU/mL for C.
albicans than the other groups.

Discussion

Our results showed that nystatin affected the MIC value of
chlorhexidine against S. mutans, where all groups, except the
30-min interval ones, showed an increased MIC. In testing
C. albicans instead of S. mutans, Scheibler et al. [17] and
Barkvoll and Attramadal [15] also reported that chlorhex-
idine and nystatin combined resulted in higher MIC values.

In our study, the combination of the drugs with a 30-min
interval showed the same MIC as chlorhexidine alone, which

Table 3 Optical density

. . Treatment Optical density (at 570 nm)

in crystal violet assay of

Streptococcus mutans and Cl1 C2 Negative control

Candida albicans mixed biofilm

according to the treatment Mean SD Mean SD Mean SD
Chlorhexidine 0.1804B¢ 0.036 0.1814B 0.050 0.416 0.074
Nystatin 0.2184C 0.044 0.22848 0.068 0.416 0.074
Chlorhexidine/30 min/nystatin 0.210% 0.031 0.240%8 0.089 0.373 0.167
Nystatin/30 min/chlorhexidine 0.1994¢€ 0.030 0.2414 0.052 0.373 0.167
Chlorhexidine/1 min/nystatin 0.1618¢ 0.013 0.1538 0.021 0.352 0.173
Nystatin/2 min/chlorhexidine 0.1438 0.014 0.1448 0.014 0.352 0.173
Chlorhexidine/10 min/nystatin 0.1914€ 0.027 0.19248 0.053 0.442 0.189
Nystatin/10 min/chlorhexidine 0.1914€ 0.027 0.1924B 0.053 0.442 0.189
Chlorhexidine/nystatin single 0.16848¢ 0.021 0.17248 0.020 0.474 0.180
P 0.000 0.000

C1 2 pg/mL chlorhexidine and 1 pg/mL nystatin, C2 1 pg/mL chlorhexidine and 0.5 pg/mL nystatin. SD

standard deviation

*P value for ANOVA comparing the treatments within each concentration; means followed by different let-
ters in the same column differ significantly (a=0.05) by Dunnett’s T3 multiple comparisons test

Negative control mixed biofilm without drugs; not included in the statistical analysis
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means that with this interval, nystatin did not interfere with
the action of chlorhexidine or had any effect on S. mutans.
The latter inference is quite understandable, since nysta-
tin has no antibacterial properties [10, 11]. Moreover, our
finding suggests that the administration of the drugs with a
30-min interval would be safe. Accordingly, this time inter-
val has already been recommended between chlorhexidine
and tooth brushing [22]. Nevertheless, in the biofilm assay,
our treatments showed a different performance.

According to the biofilm OD data, the combination of the
drugs did not produce significantly different results com-
pared to chlorhexidine alone. Considering its broad spectrum
of action, chlorhexidine alone was already expected to be
efficacious against S. mutans/C. albicans biofilm [3, 4, 30].
On the other hand, the good performance of nystatin/2 min/
chlorhexidine reminds us to the complex structure of the
biofilm where an extracellular matrix works as a barrier to
antimicrobials [31]. The matrix components are negatively
charged and tend to bind positively charged antimicrobials,
reducing their diffusion across the biofilm and thus favoring
drug resistance [32-34]. It is likely that ionic interactions

would occur between the positively charged chlorhexidine
molecules and the negatively charged extracellular matrix
[35]. Therefore, possibly, the efficacy of nystatin/2 min/chlo-
rhexidine is based on the capability of nystatin to penetrate
biofilm and reduce the amount of C. albicans, leaving S.
mutans exposed to chlorhexidine [36]. Accordingly, it was
demonstrated that simultaneous use of antimicrobial agents
can maximize drug efficacy against Candida biofilm [37].

In comparing CFU counts with biofilm OD, there were
some discrepancies, depending on the time-interval used.
Overall, chlorhexidine alone showed the best activity against
S. mutans. Although the single formulation was the worst
combination against C. albicans, it still showed some activ-
ity against S. mutans. Among the combinations, the groups
using first nystatin and afterwards chlorhexidine tended to
show the best results either for S. mutans or C. albicans.
These findings reinforce the idea of an interaction between
nystatin and chlorhexidine, where nystatin efficacy is more
affected. This corroborates the previous inference about nys-
tatin binding first and killing C. albicans, which would favor
chlorhexidine action on S. mutans.
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Fig.3 Colony-forming unit counts (CFU/mL). Images (A) and (B)
show the results for C. albicans and S. mutans, respectively, after
treatment with C1 (2 pg/mL chlorhexidine and 1 pg/mL nystatin).
Images (C) and (D) show the results for C. albicans and S. mutans,

Our suspension growth results suggest that at lower
concentrations, the combination of the drugs did not seem
to interfere with the antimicrobial effect of chlorhexidine
regardless of the time interval used. Accordingly, the find-
ings of Scheibler et al. [17] for C. albicans suspension sug-
gest that at subinhibitory concentrations, the combination
of the drugs does not impair their activity, working better
than the drugs alone. Najafi et al. [38] investigated the effect
of chlorhexidine at 0.12 and 0.2% on gingival indices and
found that lower concentrations worked as well as higher
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respectively, after treatment with C2 (1 pg/mL chlorhexidine and
0.5 pg/mL nystatin). Lines with asterisks indicate where significant
differences occurred [ANOVA followed by Dunnett’s T3 multiple
comparisons test (a=0.05)]

ones and with fewer side effects. Moreover, it is probable
that the precipitate observed when chlorhexidine and nysta-
tin were combined at the highest concentration corresponds
to the salt that Barkvoll and Attramadal [15] reported inter-
fering with the pharmacological effect of the drugs. In our
sample, the precipitate occurred in all combinations of the
drugs, except in the single formulation. However, another
point to ponder is chlorhexidine not showing a classic
concentration-dependent effect, when comparing the ODs
regarding the increasing concentrations of this agent in the
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broth microdilution assay. A classic study by Nicoletti et al.
[39] proposed that chlorhexidine might form precipitates
with the medium ingredients, which would explain our data
relating to the higher concentrations tested. These authors
also observed variability in chlorhexidine MIC with differ-
ent media. Nonetheless, our study focused the comparisons
between the different experimental treatments within each
concentration, indicating clear differences for the protocols
using chlorhexidine and nystatin, depending on the time of
treatment and the order in which either agent was added.
The interaction between the drugs is also corroborated by
the CDI results, which support the existence of antagonism
between them.

Finally, despite the limitations inherent to an in vitro
experiment, the findings of the present study support the
idea that caution is needed when combining chlorhexidine
and nystatin prescriptions in the clinical routine. If possible,
this combination should be avoided. This is a major concern
regarding immunocompromised and ICU patients, where the
best performance of the therapies is crucial. Nevertheless,
if there is a situation where concomitant administration of
these drugs is, for some reason, mandatory, nystatin should
be given first.

Conclusion

Our results corroborate previous findings showing that chlo-
rhexidine and nystatin can interact with each other. This time
though, we found that not only the antifungal but also the
antibacterial effect of chlorhexidine can be affected by the
combination of the drugs. Nystatin interferes with the action
of chlorhexidine against S. mutans, and the antimicrobial
efficacy of the combined drugs depends on their concentra-
tion, time interval used, and the planktonic or biofilm behav-
ior of the microorganisms.
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