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Background: Despite best medical and surgical practice, some cases of chronic rhinosinusitis (CRS) can remain recalcitrant. Bac-
terial biofilms have been associated with the recalcitrance of sinonasal inflammation. Biofilms are highly resistant to commonly
prescribed antibiotics. Accordingly, more effective antimicrobial treatment options are needed to treat refractory CRS. The aim of
this study was to determine the in vitro efficacy of neutral electrolysed water (NEW) and povidone-iodine (PVI) against CRS-associ-
ated Staphylococcus aureus biofilms.

Methods: Mature S. aureus biofilms were grown in a Centre for Disease Control (CDC) biofilm reactor. The antimicrobial activity of
NEW, PVl and doxycycline was determined for both planktonic and biofilm cultures of a clinical S. aureus isolate using minimum
inhibitory concentration (MIC), minimum bactericidal concentration (MBC) and minimum biofilm eradication concentration
(MBEC) assays.

Results: MICs and MBCs were determined for all antimicrobials. MBC values were similar to MICs for both antiseptics, but doxycy-
cline MBCs were significantly higher than the associated MICs. Biofilms were highly resistant to NEW and doxycycline. The MBEC
for doxycycline was between 500 and 1000 pg/mL. NEW was ineffective against biofilms and no MBEC could be determined. In
contrast, a concentration of 10% of the commercial PVI solution (10 mg/mL PVI) led to effective eradication of mature biofilms.

Conclusion: In this study, only PVl showed promising antibiofilm activity at physiological concentrations. The in vivo efficacy of

PVI warrants further investigation of its potential as a treatment for recalcitrant CRS.
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Introduction

Chronic rhinosinusitis (CRS) is a common and debilitating
condition resulting from persistent inflammation of the nasal
and paranasal sinus mucosal linings @ and afflicting between 5
to 10% of the general population %3, Patients with medically
recalcitrant CRS are generally treated surgically “. In some cases,
symptoms can persist, and CRS remains refractory despite opti-
mal medical and surgical treatment. Biofilms are complex clus-
ters of microbial cells that adhere to the sinus mucosal epithe-
lium and are embedded in a layer of extracellular polymers ©.
They can be observed in 29 — 72% of all cases © and may play an
important role in the disease recalcitrance . Biofilm formation
is associated with more severe disease preoperatively as well as

an increased likelihood of ongoing symptoms postoperatively
®10 Multiple bacterial species such as S. aureus, Pseudomonas
aeruginosa, Haemophilus influenzae and Moraxella catarrhalis
have been implicated in CRS-associated biofilms V. Of these,

S. aureus has been the most commonly found biofilm-forming
organism in CRS patients 2. S. aureus biofilms in particular have
been linked to recurrent and recalcitrant cases of CRS and are
associated with worse scores in patient outcome tests when
compared with other biofilms 1319,

The extracellular matrix that makes up an integral part of bio-
films provides a physical barrier that impedes antibiotic pene-
tration and diffusion into deeper layers of the biofilm structure
1617 Bacteria in biofilms undergo phenotypical and behavioural
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changes that manifest in a reduced metabolic activity which
further reduces their susceptibility to antibiotics, most of which
are more effective when there is a high rate of cell division 81,
Bacteria in biofilms display a 10 to 1000-fold greater resistance

to antimicrobial treatments than their planktonic counterparts
(17,20, 21)

Antiseptics or biocides provide a promising alternative to anti-
biotics for the treatment of CRS. In contrast to antibiotics, the
actions of antiseptics are usually physicochemical mechanisms,
and so are not dependent on interfering with cell metabolism or
division, which can make them more effective against biofilms
while also reducing the risk of developing resistance 2. Neutral
electrolysed water (NEW), which has hypochlorous acid (HOCL)
as the main active ingredient, and povidone-iodine (PVI) are two
examples of topical antiseptics with potential for treating bio-
films. The bactericidal effects, as well as the efficacy and safety
of NEW in CRS patients, have been demonstrated previously
2326 While the excellent antimicrobial properties of PVl are well
documented @72, there have been concerns regarding its safety
profile due to potential cytotoxic effects *. However, recent stu-
dies showed no negative effects of newly developed formulati-
ons or low concentrations of PVI on nasal epithelial cells either
in vitro or in vivo %37,

In this study, we evaluate the antibiofilm activity of both NEW
and PVl and compare their efficacy against mature CRS-associ-
ated S. aureus biofilms to an antibiotic commonly prescribed to
CRS patients.

Materials and methods

Materials, reagents and antimicrobials

Tryptic soy broth (TSB), tryptic soy agar (TSA) plates and cation-
adjusted Mueller Hinton broth (CAMHB) were purchased from
Fort Richard Laboratories (Auckland, New Zealand). A CBR 90
CDC biofilm reactor and its components, including standard
polypropylene coupon holder rods and 12.7 mm diameter po-
lycarbonate sample coupons, were purchased from Biosurface
Technologies Corp. (Bozeman, Montana). Both NEW (Nasocyn™,
containing 0.006% HOCL) and PVI (Betadine®, containing 100
mg/mL PVI, active iodine compound = 1%) were obtained from
commercial vendors and doxycycline hyclate was sourced from
Abcam (Melbourne, Australia). Doxycycline was chosen as it is
frequently prescribed for CRS, and because of the known sus-
ceptibility of the bacterial isolate used in this study.

Staphylococcus aureus clinical isolate

The S. aureus strain used in this study was cultured from a CRS
patient with nasal polyps. The spa-type of this strain is t189 and
it shows in vitro resistance to penicillin and susceptibility to
erythromycin, flucloxacillin and doxycycline. Bacterial cultures
in TSB were stored at -80°C in a 1:1 volume of 80% glycerol. An
aliquot of 10 uL S. aureus stock was sub-cultured on TSA using
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the streak plate method and incubated for 24h at 37°C. Sub-
sequently, single colonies from the streak plate were used to
inoculate overnight cultures for antimicrobial activity assays and
biofilm growth.

MIC and MBC assays

A modified version of the broth microdilution technique, as
described in the Clinical and Laboratory Standards Institute
guidelines (M07-A10), was used to determine the minimum
inhibitory concentration (MIC) for all antimicrobial agents. In
brief, a 10° dilution of a fresh overnight culture of the staphylo-
coccal isolate was made with PBS to obtain a concentration of ~5
x 10* colony forming units (CFU)/mL for the initial inoculum. For
the MIC assay, 100 L of each of the three antimicrobial agents
were added to row A of a 96-well flat bottom culture plate in
replicates of four. Concentrations of antiseptics are reported as
percentage of the commercial product and to facilitate com-
parability all antimicrobial agents were calculated in pg/mL of
active ingredient in the original product. CAMHB (50 pL) was
added to all wells of rows B to H and doubling dilutions were
performed by transferring 50 pL from the first row of wells (A) to
the next (B) and so on using a 12-channel micropipette. The last
50 uL taken from row G were discarded so that row H served as a
positive control containing no antimicrobial agent. Lastly, 50 pL
of bacterial inoculum were added to all wells resulting in a final
volume of 100 pL with 50% CAMHB per well. Plates were covered
and incubated in a humidity chamber (to prevent drying) at 37°C
and 200 rpm for 24 h. At this time point, MICs were defined as
the concentration of antimicrobial agent that inhibited turbidity
or visible growth of bacteria.

After incubation, the minimum bactericidal concentration (MBC)
assay was carried out by dispensing 10 pL from each well of the
microdilution plate onto TSA using the spot-plating technique.
Plates were allowed to air dry before incubation overnight at
37°C.The lowest concentration of antimicrobial agent that inhi-
bited colony forming or confluent colony growth was conside-
red the MBC. Both assays were repeated three times and median
values are reported.

Biofilm growth

Mature biofilms were established using the CDC biofilm reactor
with polycarbonate coupons according to the United States En-
vironmental Protection Agency’s (EPA) guidelines for antimicro-
bial testing methods and procedures (EPA MLB SOP MB-19) with
modifications. One millilitre of fresh S. aureus overnight culture
(10° CFU/mL) was inoculated into 350 mL of TSB in the reactor.
The biofilm reactor was placed on a magnetic hotplate stirrer
and incubated in batch mode at 34°C and a rotational speed of
120 rpm for 24 h to encourage cell adhesion. At this time point,
a continuous flow of 20% TSB through the reactor was initiated
and maintained at 10.5 mL/min for an additional 24 h to allow
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Table 1. Minimum inhibitory and bactericidal concentrations of antiseptics and doxycycline against planktonic S. aureus cells.

Antimicrobial agent nlle e

(active ingredient) product (%) active ingredient (pg/ml) product (%) active ingredient (ug/ml)
NEW (HOCL) 12.5 7.5 25 15

PVI 1.25 1250 1.25 1250
doxycycline NA 0.05 NA 0.625

MIC = minimum inhibitory concentration, MBC = minimum bactericidal concentration, HOCL = hypochlorous acid, PVl = povidone-iodine.

for biofilm expansion. Continuous flow was sustained for an growth in the treatment medium was evaluated. The treatment

extra 24 h with 10% TSB to stimulate maturation of the biofilm. medium in each well was homogenised before 1 mL was trans-

After a total 72 h of biofilm growth, 5 L of saline were flushed ferred to a 1 mL microfuge tube. Subsequently, the medium was

through the reactor at maximum pump speed to wash out washed and plated for CFU counting as described above.

planktonic cells from the system. The presence of mature biofilm

on the polycarbonate coupons was confirmed using scanning Scanning electron microscopy

electron microscopy. Scanning electron microscopy (SEM) imaging was carried out at
the University of Auckland Biomedical Imaging Research Unit.

MBEC assays Biofilms were grown as described above. Individual coupons

Antibiofilm activity testing was performed based on a modified were aseptically removed from the reactor and immediately

version of the single tube method for determining the efficacy fixed by submerging in Methacarn solution (60% methanol, 30%

of disinfectants against bacterial biofilm developed by the chloroform, 10% glacial acetic acid) for 7 days. Fixed samples

Environmental Protection Agency (EPA MLB SOP MB-20). Sample  were rinsed in 0.1 M phosphate buffer, post-fixed in 1% osmium

coupons were removed from the CDC biofilm reactor under tetroxide in 0.1 M phosphate buffer for 30 min and washed in

aseptic conditions and individually distributed onto a 24-well water, 1% thiocarbohydrazide and 1% osmium tetroxide as

cell culture plate. Each well contained a total of 2 mL treatment previously described ©2.

medium consisting of 50% CAMHB and different concentrati- Subsequently, specimens were dehydrated by exposure to

ons of the tested antimicrobial in PBS. Due to the experimental increasing alcohol concentrations (30 — 100%) and dried using

design, the maximum concentration of antiseptics that could a critical point dryer (Autosamdri-815, Tousimis). Dry coupons

be tested was 90% of the product. Two wells with 1 mL CAMHB were mounted on an SEM chuck before gold coating using a

and 1 mL PBS served as control treatment. After incubation at DSR1 desk sputter coater (Nano-Structured Coating Co.). Prepa-

37°C for 24 h, coupons were transferred from treatment wells red coupons were imaged with a Hitachi TM3030Plus Tabletop

into 50 mL tubes containing 5 mL PBS. Biofilms were retrieved Microscope.

from coupons by vortexing for 5 min, sonication for 10 min

and an additional vortex for 5 min. The remaining bacterial Statistical analyses

solution was centrifuged, and the pellet washed two times to Statistical analysis was conducted in the R software environ-

remove residual antimicrobials. A 10-fold dilution series of the ment (v4.0.2). Bacterial count data were analysed using pairwise

washed bacterial solution was plated in triplicate on TSA using Wilcoxon rank sum tests with the Benjamini-Hochberg cor-

the spot-plating technique. TSA plates were incubated at 37°C rection for multiple comparisons. Differences were regarded as

overnight and the total amount of biofilm recovered from each significant if p-values were below 0.05.

coupon was determined by colony counts (CFU/coupon). All

data presented in this study were gathered from four indepen- Results

dent biofilm runs, each yielding 24 coupons that were split into Development of mature S. aureus biofilms

treatment groups. Two coupons in each run underwent biofilm Selected baseline coupons underwent microscopic evaluation

retrieval and bacterial enumeration immediately after being to confirm the presence of mature biofilm. S. aureus commu-

removed from the reactor to determine the baseline amount nities grown in the CDC-BR according to the protocol used in

of biofilm per coupon (TPO control). Coupons for which colony this study show distinct features of bacterial biofilms. Cells are

counts could not be determined due to experimental complica- adherent to each other as well as to the polycarbonate surface,

tions were removed from the dataset. forming large three-dimensional clusters (Figure 1A). Higher

In addition to analysing the polycarbonate coupons, bacterial magnification highlights bacterial cells embedded in extracel-
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Figure 1. Scanning electron microscopy of S. aureus clinical isolate biofilm on a polycarbonate coupon at 10,000x (A) and 18,000x (B) magnification.

Bacterial cells are embedded in extracellular matrix (white arrows).

lular matrix (Figure 1B).

Efficacy against planktonic bacterial cells

Minimum inhibitory concentrations and minimum bactericidal
concentrations of NEW, PVl and doxycycline against planktonic
S. aureus cells are summarised in Table 1. MICs were determined
for all antimicrobials. Bacterial growth was inhibited at concen-
trations of 12.5% (7.5 pg/mL) NEW and 1.25% (1250 pg/mL) PVI.
Notably, the amounts of active ingredients needed to achieve
an antibacterial effect vary widely between all agents, with
doxycycline showing the lowest MIC (0.05 pg/mL). The MBC for
the antiseptic products is identical to the MIC in the case of PVI
and approaches the MIC in the case of NEW (25%). In contrast, a
concentration 12.5 times higher than the MIC of doxycycline is
needed to exert a bactericidal effect.

Efficacy against bacterial biofilm

Antimicrobial agents were tested against well-established S.
aureus biofilms to compare their efficacy against planktonic
bacteria with that against their sessile counterparts. Concen-
trations higher than MBCs were required to achieve antibiofilm
activity (Figure 2A-C). In all experiments, an up to two log10
reduction could be observed between baseline biofilms and
control treatment (50% CAMHB) coupons. Compared to control
treatment (i.e. 0% antimicrobial), the reduction of viable cells
per coupon did not exceed 0.5 log for any of the tested NEW
concentrations (1 — 90%). Thus, no minimum biofilm eradication
concentration could be determined for NEW. A concentration

of 10% PVI (10 mg/mL PVI) yielded a reduction of viable biofilm
to below detectable limits. The MBEC for PVl was eight times
higher than the observed MIC/MBC. Treatment with doxycycline
resulted in a slight dose-dependent reduction of biofilm with an
approximate four log reduction at 1000 pg/mL, which was the
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maximum dose tested (which is 1600 times the MBC determined
in this study for this organism). S. aureus biofilms were strongly
resistant to doxycycline. Statistical significances for total CFUs
recovered from coupons between different concentrations wit-
hin each group are provided as supplementary material (51-S3).
The treatment medium from each well was also analysed for mi-
crobial growth to investigate dispersion of biofilm or biofilm-like
cells into the microenvironment. The number of CFU/mL in the
control treatment medium was higher compared to control cou-
pons and similar to baseline coupon counts in all experiments
(Figure 2D-F). Overall, results from treatment media closely
mirrored those from treatment coupons for all tested agents,
which suggests biofilm dispersion from coupons into the media.
Treatment with PVI resulted in a strong dose-dependent killing
of biofilm with a five log reduction at a concentration of 10%.
Statistical significances for total CFU counts of the treatment
media between different concentrations within each group are
shown in tables S4 - S5.

Discussion

This is the first study to compare the efficacy of NEW, PVl and
doxycycline against planktonic and biofilm cultures of a CRS-
associated S. aureus isolate. The in vitro antimicrobial activity of
NEW has been investigated as part of several studies with va-
rying results. One group reported an MBC of 3 - 6 ug/mL HOCL
for clinical S. aureus isolates, which is around three times lower
than the MBC found in the current study (15 pg/mL) 2. Another
study, using a maximum concentration of 1500 pg/mL HOCL,
was unable to determine an MIC against any one of 17 bacterial
isolates from the ocular surface of animals, including two S.
aureus isolates 9. A further study reported bactericidal effects
against planktonic P. aeruginosa cells after treatment with an
80 pg/mL HOCL solution, which was the lowest concentration
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Figure 2. Total number of CFUs recovered from coupons (A-C) and treatment medium (broth, D-F) for each treatment group. LoD = Limit of Detection,

TPO = baseline counts. Statistical differences are indicated according to the following significance levels: p < 0.05 (*), p < 0.01 (**).

tested in that study ©4.

The MIC and MBC for PVI (1250 pg/mL for both) determined in
our study is similar to the range of previously reported values
ranging between 800 - 1600 pg/mL for the MIC and 1320 - 2300
pg/mL for MBC against S. aureus ©53%. The published MIC and
MBC for doxycycline against S. aureus varies between 0.1 - 1 ug/
mL and 5 - 100 pg/mL, respectively, with both found to be lower
in this study (MIC: 0.05 pg/mL and MBC: 0.625 pg/mL). The relati-
vely large difference between the MIC and MBC for doxycycline
compared to both antiseptics may be due to doxycycline being
a bacteriostatic rather than bactericidal antibiotic ®%47.

Testing against well-established biofilms

The antibiofilm activity of NEW in this study was low and no
MBEC could be determined. In contrast, earlier studies observed
substantial antibiofilm effects of different HOCL solutions on

S. aureus biofilms grown in microtiter plates. One study repor-
ted impairment of mature biofilm at a concentration of 6 pg/
mL HOCL ©3. More recently, two commercial HOCL solutions
(Vache®, 0.033% HOCL and PhaseOne®, 0.025% HOCL) showed
significant biocidal effects on 24 h matured biofilm “2. S, aureus
biofilm grown on contact lenses for 24 h was also effectively
eradicated by another antiseptic product (Anenova®) containing
0.01% HOCL after 30 min exposure “3, All antiseptic products
used in these studies include at least twice the concentration

of HOCL compared to the nasal spray used in the current study.
NEW contains very dilute HOCL to optimise tolerance when
applied to the sensitive sinonasal mucosa. However, the most
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pertinent difference between these studies and the current
work lies in the development of the treated biofilms. Here we
employ the CDC-BR in continuous stirred flow mode and follow
a complex 72 h protocol that incorporates cell adhesion as well
as biofilm expansion and maturation phases. The resulting bio-
film is likely to be thicker, more complex and more resilient than
the stationary phase-grown biofilms used in the earlier studies.
Differences in the structure and maturity of biofilm between
studies may contribute to the lower efficacy of the tested agents
observed here.

Two recent studies have employed the CDC biofilm model

to evaluate the efficacy of NEW and other antiseptics against
microbial biofilms. One found that electrolysed water at

25% concentration reduced S. aureus biofilms grown in 48 h
batch culture under sheer force by four logs “*. While sodium
hypochlorite and hypochlorous acid are mentioned as the two
main constituents of the solution used in this study, the exact
concentrations for these components are not stated but are
probably higher than in our study. The second study tested a
range of antiseptics, including Microcyn® (which is very similar
in composition to Nasocyn™) on biofilms grown under shear
force in batch mode for 24 and 48 h. These experiments showed
complete eradication of mature S. aureus biofilms when exposed
to pure Microcyn® solution for 24 h #%, In contrast, treatments

in our study were performed in the presence of MHB to be in
accordance with international procedures for antimicrobial
susceptibility testing. The availability of nutrients and other
compounds such as proteins and starch may impact bacterial
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susceptibility. Additionally, both studies utilised biofilm-forming
ATCC reference strains in comparison to the clinically isolated S.
aureus strain used in the current study. As a dominant bacterial
strain from a sinus cavity of a CRS patient, this clinical isolate
may have developed properties that increase bacterial persis-
tence. CRS-associated bacteria have previously demonstrated
their ability to form robust biofilms in vitro “°.

Johani and colleagues (2018) also demonstrated effective
biofilm eradication by PVI, which was observed in an identical
manner in our study. Similar results were shown in other studies
“7.48) The greater efficacy of PVl in comparison to NEW may be
partially due to the different concentrations of their respective
active ingredients within each product.

Efficacy against static and dispersed biofilm

Higher CFU counts in the treatment medium containing
antimicrobial agents at concentrations higher than the deter-
mined MICs suggest that the agents have caused a dispersion
of biofilm or biofilm-like cells into the medium. We observed
that bacterial reduction in the treatment medium was highly
similar to that on the coupons. Only in the PVI group was
bactericidal efficacy slightly increased at lower concentrations
(Figure 2E). This may be due to the different mechanisms of
action of PVl and doxycycline. The three-dimensional structure
of static biofilm impedes the penetration of biocidal agents to
deeper cell layers. The effectiveness of doxycycline is reliant on
active bacterial metabolism. However, distinct phenotypes with
altered metabolic activity can be observed in dispersed biofilm
cells 59, In contrast, PVI acts via physical disruption of the cell
wall, thus removing the three-dimensional structure of the static
biofilm and facilitating better access to cells.

Clinical relevance and study limitations

Our results demonstrate antimicrobial activity of NEW for
planktonic S. aureus cells but not for mature biofilm. Doxycycline
only showed antimicrobial effects against the biofilms at very
high concentrations that cannot be achieved at any target site
in human patients. Interestingly, a recent study performed by
our group determined the mean concentration of doxycycline
in the sinonasal mucosa and its secretions in CRS patients (1.5
pg/mL and 0.3 pg/mL, respectively ©"). These concentrations are
within the range of the determined MIC and MBC in this study,
highlighting the potential for biofilms to limit the efficacy of
antibiotic treatment in refractory CRS patients.

PVI showed promising antibiofilm activity at physiological con-
centrations. Typically used on external wounds, undiluted PVI
cannot be applied to the sinus epithelium. However, nasal rinses
with lower concentrations of PVI have been used in CRS patients
without adverse effects on mucociliary clearance or olfaction ©9.

Furthermore, a new and promising formulation has shown no
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negative effects on nasal epithelial cells at a concentration of 5%
PVI, which is close to the MBEC found in our study ©".

In current clinical practice, xylitol is widely advised for bio-

film associated CRS due to its demonstrated improvement

of symptoms 253, However, it showed little activity against
established S. aureus biofilms in vitro ®. The observed in vivo
benefits of xylitol may be attributable to its mucolytic properties
and the ability to facilitate the host’s native immune response
©3.59 while its effectiveness as an antibiofilm agent is limited in
vitro.

Our study has several limitations. Bacterial colonies were grown
in pristine conditions to encourage the establishment of maxi-
mally robust biofilms. It is likely that this in vitro model overesti-
mates the MBEC for in vivo biofilms. In our experiments, biofilms
were fully exposed to each agent for 24 h which does not mimic
the real-world contact time of the rapidly cleared topical antimi-
crobials. Diluted bacterial nutrient medium was also part of the
treatment medium and does not accurately represent the mi-
croenvironment of sinonasal cavities. Using a less nutrient-rich
solution (e.g. PBS or saline) may have an effect on CFU counts
particularly when analysing the treatment medium.

The development of antibiotic-resistant bacterial strains is of
great concern, especially when antibiotics are administered over
longer time periods (as can be the case in some CRS patients)
and at doses that do not achieve effective concentrations ¢

57, Antiseptics such as HOCL and particularly PVI as alternative
treatment options may reduce the risk of resistance develop-
ment (27, 28,58).

Conclusion

In this study, PVl appeared to be effective against S. aureus
biofilms, and its efficacy in vivo warrants further investigation. A
future clinical trial with a povidone iodine-based antimicrobial
compound is planned by our group.
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SUPPLEMENTARY MATERIAL

Table S1. p-values for pairwise comparisons of CFU counts from coupons treated with NEW.

coupons baseline control NEW1% NEW10% NEW5% NEW50%
control 0.008 = = = = =

NEW1% 0.014 0.267 = = = =

NEW10% 0.008 0.938 0.191 = = =

NEW5% 0.014 0.938 0.267 0.938 = =

NEW50% 0.008 0.667 0.769 0.591 0.667 =

NEW90% 0.008 0.769 0.400 0.769 0.769 0.806

Table S2. p-values for pairwise comparisons of CFU counts from coupons treated with PVI

coupons baseline PVI10% PVI2.5% PVI5% PVI50% PVI90%
PVI10% 0.005 = = = = =
PVI2.5% 0.017 0.022 = = = =
PVI5% 0.005 0.007 0.030 = = =
PVI150% 0.005 0.405 0.014 0.006 = =
PVI90% 0.005 0.405 0.014 0.006 = =
control 0.005 0.005 0.031 0.240 0.005 0.005

Table S3. p-values for pairwise comparisons of CFU counts from coupons treated with doxycycline.

coupons baseline control Doxy 1000ug/ml Doxy 100ug/ml Doxy 10ug/ml Doxy 500ug/ml
control 0.005 = = = = =
Doxy1000 ug/ml 0.018 0.018 - - - -
Doxy100 ug/ml 0.005 0.349 0.023 - - -
Doxy10 ug/ml 0.007 0.368 0.029 0.040 - -
Doxy500 ug/ml 0.005 0.007 0.454 0.008 0.013 -
Doxy50 ug/ml 0.018 0.109 0.040 0.023 0.205 0.023

Table S4. p-values for pairwise comparisons of CFU counts from treatment medium with NEW™.

broth baseline control NEW1% NEW10% NEW5% NEW50%
control 0.112 = = = = =
NEW1% 0.016 0.298 = = = =
NEW10% 0.044 0.589 1 = = =
NEW5% 0.028 0.298 0.614 0.614 = =
NEW50% 0.293 0.298 0.589 0.589 1 -
NEW90% 0.016 0.293 0.608 0.589 0.614 0.589
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Table S5. p-values for pairwise comparisons of CFU counts from treatment medium with PVI.

broth baseline PVI10% PVI2.5% PVI5% PVI50% PVI90%
PVI10% 0.005 = = - - -
PVI2.5% 0.022 0.028 = = = =
PVI5% 0.005 0.008 0.154 - - -
PVI50% 0.005 0.006 0.012 0.005 - -
PVI90% 0.005 0.006 0.012 0.005 - -
control 0.028 0.005 0.018 0.005 0.005 0.005

Table S6. p-values for pairwise comparisons of CFU counts from treatment medium with doxycycline.

baseline control Doxy 1000ug/ml Doxy 100ug/ml Doxy 10ug/ml Doxy 500ug/ml
control 0.077 = = = = =
Doxy1000 ug/ml 0.087 0.085 = = = =
Doxy100 ug/ml 0.040 0.040 0.124 - - -
Doxy10 ug/ml 0.066 0.124 0.114 0.085 - -
Doxy500 ug/ml 0.044 0.040 0.498 0.077 0.066 =
Doxy50 ug/ml 0.085 0.098 0.244 0.156 0.845 0.124
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