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Chapter 7

Biofilm formation on voice prostheses: 
in vitro influence of probiotics

R.H. Free, H.J. Busscher,G.J. Elving, H.C. van der Mei, R. van Weissenbruch, 

F.W.J. Albers

Annals of Otology, Rhinology & Laryngology 2001;110: 946-51

Introduction

Since the introduction of the “duckbill” prosthesis by Blom and Singer in 1979, several types

of indwelling silicone rubber voice prostheses have been developed, giving laryngectomized

patients the ability to speak again.1,2 Generally, a combination of personal preferences of the

patient and the physician determines the choice of the type of prosthesis, although most types

of prostheses are interchangable. Colonization of the valve side of prostheses by bacteria and

yeasts leads to deterioration of the silicone rubber, leakage of the valve, or a higher airflow

resistance, making it more difficult to speak.3-7 On average, a prosthesis has to be replaced

every 3 to 4 months. Replacement presents considerable discomfort for the patient and can be

detrimental to the tracheo-oesophageal fistula, leading to insufficiency, scar tissue formation

or stenosis. Frequent replacements also lead to higher costs for medical care, new prostheses

and travel expenses for the laryngectomized patients. 

The inter- and intraindividual variations in the lifetimes of prostheses are extensive, but

the differences within a prosthesis type are rather limited. In a group of 158 patients with 453

replacements, the lifetime of the Groningen prosthesis was on average 15.8 weeks (no range

or median indicated).8 A recent evaluation of the Provox II prosthesis revealed that the aver-

age lifetime in a population of 157 patients was 14.9 weeks with a range of 1 to 53 weeks,

although in this study patients who required replacement within 2 months were put on an

antimycotic regimen.9 Regular long-term exposure of bacteria and yeasts to antibiotics and

antimycotics unavoidably leads to the development of microbial resistance. As the overall 

5-year survival rate of laryngectomized patients is 70%, the prescription of antimycotics to
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laryngectomized patients solely to prolong the prosthesis lifetime may strongly contribute to

the development of antimycotic resistance amongst yeasts, as there exists only a limited num-

ber of antimycotics at present.10,11 The development of increasing resistance against anti-

biotics and antimycotics has renewed scientific interest in probiotic bacteria.12 The reported

beneficial effects of probiotics include suppression of diarrhoea, anti-tumour activity, stimu-

lation of immunity, reduction of cholesterol levels and relief of lactose intolerance.

A previous study examined the in vitro effects of various dairy products with probiotic

bacterial strains on biofilm formation on voice prostheses, inspired by anecdotes suggesting

that the consumption of buttermilk or Turkish yoghurt may prolong the device lifetime.13,14 In

an in vitro artificial throat model, it was demonstrated that buttermilk and Yakult fermented

milk drink (milk drink containing Lactobacillus casei Shirota; Yakult, Almere, the Nether-

lands) had a strong inhibiting effect on biofilm formation. The artificial throat enables isolat-

ed single factors influencing biofilm formation to be studied separately, in contrast with in

vivo studies.15 Interestingly, none of the previous attempts working in the artificial throat with

isolated pure cultures of bacteria or yeasts from explanted voice prostheses yielded biofilms

on voice prostheses that resembled those found on used prostheses. In a teleological

approach, inoculation with a mixture of bacteria and yeasts taken from an explanted Gronin-

gen voice prosthesis without identification of all strains and species included, provided us

with these clinically relevant biofilms.16 A teleological approach as applied here, has as the

scientific drawback that the inoculum is microbiologically less well defined, but because of

the multitude of strains and species in oropharyngeal biofilms working in concert while col-

onizing a prosthesis in an unsterile environment with constant new microbial challenges, 

a reductionistic approach with isolated single strains is likely to fail to mimic the clinical 

situation. 

The aim of this study was to investigate the antimycotic effects of probiotic bacteria on

colonized voice prostheses. For some of the probiotic strains used in this study, antimycotic

effects have been reported, while others are known to excrete biosurfactants that discourage

pathogen adhesion to biomaterials surfaces.17, 18

Materials and methods

Voice prostheses

“Low Resistance” Groningen voice prostheses (Medin Instruments and Supplies, Groningen,

The Netherlands) and Provox II voice prostheses (Atos Medical AB, Hörby, Sweden) were

used in this study. The low-resistance Groningen voice prosthesis consists of a tube with 2
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flanges with a semicircular slit of 145° in the “hat” of the oesophageal flange, functioning as

an 1-way valve. The Provox II voice prosthesis is a biflanged device. The valve is molded into

one piece with the prosthesis and supported by a radiopaque, fluoroplastic ring, that is fas-

tened in the shaft of the prosthesis. A diagrammatic comparison of both silicone rubber pros-

theses has been given by Leunisse et al.15

Probiotic strains

The probiotic bacterial strains used are listed in the Table 19-21 together with the pH of the sus-

pension, reported antimycotic or antibiotic effects, proven production of biosurfactants, the

growth medium used and the source of the strain. Each probiotic strain was cultured from

agar plates in its specific growth medium for 24 hours at 37oC. This culture was used to inoc-

ulate a second culture, that was grown for 16 hours. All strains were grown in ambient air

except for Lactobacillus strains which were cultured in 5% carbon dioxide. Bacterial cultures

were washed twice with demineralized water by centrifuging at 6500g for 5 minutes. The

bacterial pellets were resuspended in demineralized water at a concentration of 1x109 bacte-

ria per milliliter.

Biofilm formation in the artificial throat 

The voice prostheses were placed in 2 transparant modified Robbins devices, called artificial

throats, described in detail before.14 Each artificial throat was equipped with 3 Groningen and

2 Provox II voice prostheses. The third Groningen voice prosthesis was used for scanning

electron microscopic examination. The previously isolated, total cultivable microflora from

an explanted Groningen voice prosthesis, containing a variety of yeasts and bacterial strains,

among which Candida albicans, Candida tropicalis, streptococcal and staphylococcal

strains, was stored as a frozen stock. Aliquots were thawed at room temperature and cultured

in a mixture of 30% brain heart infusion broth (OXOID, Basingstoke, Great Britain) and 70%

defined yeast medium (per liter: 7.5 g glucose, 3.5 g (NH
4
)

2
SO

4
, 1.5 g L-asparagine, 10 mg 

L-histidine, 20 mg DL-methionine, 20 mg DL-tryptophane, 1 g KH
2
PO

4
, 500 mg

MgSO
4
.7H

2
O, 500 mg NaCl, 500 mg CaCl

2
.2H

2
O, 100 mg yeast extract, 500 mg H

3
BO

3
, 400

mg ZnSO
4
.7H

2
0, 120 mg FE(III)Cl

3
, 200 mg Na

2
MoO

4
.2H

2
O, 100 mg KI, 40 mg CuSO

4
.5H

2
O)

and used to inoculate the artificial throats during 5 hours. Subsequently, a biofilm was

allowed to grow on the voice prostheses during 3 days by filling the devices with growth

medium. On the 4th day, the devices were perfused with phosphate buffered saline (10mM

potassium phosphate and 150mM NaCl, pH 7.0) serving as a control or a probiotic suspen-

sion, after which the prostheses were left in the moist environment of the drained artificial

throats. This perfusion scheme was repeated 3 times a day during 9 days. At the end of each
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Table 1. Probiotic bacteria used in this study 

Strain PH* Growth Source Probiotic effects [reference]

medium

Streptococcus thermophilus B 4.0 M17a, with 1% NIZO, Ede, the Production biosurfactants,

sucrose Netherlands inhibiting Candida adhesion19

Lactococcus lactis 53 5.3 BHI a Nutricia, Antimycotic effects20

Zoetermeer,

The Netherlands

Lactococcus rhamnosus 744 3.7 MRS a Nutricia, –

(ATCC7469) Zoetermeer,

The Netherlands

Lactobacillus  fermentum B54 6.3 MRS a Provided by Biosurfactant release 21

Dr. G. Reid,

London

Ontario, Canada

Enterococcus faecium 60 37.3BHI a Nutricia, –

Zoetermeer,

The Netherlands

Lactobacillus casei Shirota 4.3 MRS a Isolated from Biosurfactant release 21

Yakult®

fermented milk drink,

Yakult®,

Almere,

The Netherlands

Bifidobacterium  infantis 420 5.1 Defined Nutricia, –

medium Zoetermeer,

The Netherlands

Lactococcus lactis cremoris 5.9 BHI a, with NIZO, Ede, –

SK11 0.5% lactose The Netherlands

a. M17: (OXOID, Basingstoke, Great Britain) with 1% saccharose added 

MRS: de Man, Rogosa and Sharpe (Merck, Darmstadt, Germany)

BHI: brain heart infusion broth (OXOID, Basingstoke, Great Britain)

* Of diluted suspension as used in this study.



day all artificial throats were filled with growth medium for half an hour and left empty

during the night after draining. The experiments lasted 15 days in total and were performed

at room temperature. The tracheal sides of the prostheses were left in ambient air without

taking precautions to prevent infections from the air, similar to the situation with a stoma. 

Evaluation of biofilms 

On the 15th day of the experiment the prostheses were removed from the artificial throats

after a final perfusion with phosphate buffered saline. Subsequently the biofilm was removed

from the valve sides of the prostheses by scraping and, after sonication (60 seconds), serially

diluted in reduced transport fluid (per liter: 0.9 g NaCl, 0.9 g (NH
4
)

2
SO

4
, 0.45 g KH

2
PO

4
, 0.39

g MgSO
4
.7H

2
O, 0.45 g K

2
HPO

4
, 0.37 g EDTA, 0.2 g cysteine HCl). Microbial compositions

of the biofilms were evaluated by plating the serial dilution on MRS (de Man, Rogosa and

Sharpe) agar plates for yeasts and blood agar plates for bacteria. After 3 days at 37°C in an

aerobic incubator, the numbers of bacterial and fungal colony forming units per mL

(CFU/mL) were determined for each prosthesis and for those in the artificial throats perfused

with a probiotic bacterial suspension. Subsequently, the number of colony forming units on

prostheses in the artificial throat perfused with a suspension of probiotic bacteria, were

expressed as a percentage relative to the number of colony forming units found on the con-

trol prostheses. Subsequently, potential variations in biofilm formation over different runs

were monitored from the control throat and eliminated from the analysis.  

Electron microscopic evaluation

Electron microscopy was only performed on Groningen voice prostheses as biofilm features

can be more easily discovered on Groningen than on Provox II prostheses. Biofilm covered

prostheses were flushed with 6.8% sucrose and 0.1 M cacodylate buffer (pH 7.4), fixed and

stained in 2% glutardialdehyde and 0.2% ruthenium red in 0.1 M cacodylate buffer at 4ºC and

flushed again. Post-fixation and staining was carried out in 1% OsO
4
and 0.2% ruthenium red

in cacodylate buffer by gently shaking for 3 hours at room temperature. Buffer washes and

dehydration involved the following rinsing procedures: 20 minutes in 6.8% sucrose in 0.1 M

cacodylate buffer; 3 times for 10 minutes each in bidistilled water; 20 minutes in respective-

ly 30, 50 and 70% ethanol and 4 times 30 minutes each in 100% ethanol. After critical-point

drying with CO
2

for 4 hours, the specimens were mounted on SEM stubs and sputter-coated

with gold/paladium (15 nm). SEM observations were taken, made using the JEOL 6301, with

different magnifications at 15-25 kV.
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Results

Groningen voice prostheses 

Exposure of prostheses to a suspension of L. lactis 53 had the strongest inhibitory effect on

bacteria and yeast prevalence in the biofilms and reduced the percentages of bacteria and

yeasts to 17% and 22%, respectively. Suspensions of S. thermophilus B, L. rhamnosus 744,

B. infantis 420 and L. lactis cremoris SK11 yielded reductions in percentage numbers of bac-

teria ranging from 45% (L. rhamnosus 744) to 61% (B. infantis 420; Figure 1A), while they

reduced the percentages of yeasts from 33% (S. thermophilus B) to 74% (B. infantis 420). L.

casei Shirota reduced the amount of bacteria and yeasts to 82% and 39%, respectively.  

Provox II voice prostheses 

Strong reductions of the percentage number of bacteria by L. lactis cremoris SK11 (7%),

S. thermophilus B (14%) and Enterococcus faecium 603 (17%) were observed, while L. lac-

tis 53 and B. infantis 420 reduced the amount of bacteria to 19% and 38%, respectively 

(Figure 1B). A S. thermophilus B suspension fully eliminated all yeasts from the biofilm, but

of all other probiotic suspensions only those suspensions with L. lactis 53 and B. infantis 420

showed an inhibitory effect on yeast prevalence.

Scanning electron microscopy 

Figure 2A shows a scanning electron micrograph of a Groningen voice prosthesis from an

artificial throat perfused with phosphate-buffered saline solution. The surface shows a

biofilm consisting of bacteria and yeasts with clear ingrowth into the silicone rubber. The sur-

face of the voice prosthesis, taken from the artificial throat perfused with a L. lactis 53 sus-

pension on the other hand (Figure 2B) showed less biofilm and ingrowth features can hardly

be discerned.

Discussion

Extending the lifetime of voice prostheses has been attempted for several years as it would

improve the quality of life of laryngectomized patients as well as contribute to cost savings

in health care. Clinical studies are hampered by the multitude of environmental and dietary

factors influencing biofilm formation on voice prostheses, and the artificial throat was intro-

duced to enable the study of isolated single factors, as done here for probiotic bacterial sus-

pensions. 
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At the end of the 19th century, the Russian scientist Metchnikoff studied probiotic bacteria

and their effect on health and disease, but with the introduction of chemotherapy and peni-

cillin in the 1940s this line of research was not further pursued. As nowadays antimicrobial

resistance is a growing source of concern in modern medicine, and health-improving, func-

tional foods are gaining in popularity, the development of alternative prophylactic and thera-
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Figure 1.

Percentage of bacteria and

yeasts (see text for

abbreviations) isolated from

voice prostheses after biofilm

formation in artificial throat

and perfusion with various

probiotic suspensions. As a

control, set at 100%,

perfusion with phosphate-

buffered saline solution was

used. All experiments were

done in duplicate. 
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Figure 2.

Scanning electron micrographs of Groningen voice prostheses removed from the artificial throat

after 15 days. The bar equals 10 �m and pertains to both A and B.

A. Voice prosthesis taken from artificial throat perfused with phosphate buffered saline solution.

Biofilm and microbial ingrowth into the silicone rubber are clearly visible.

B. Voice prosthesis taken from artificial throat perfused with Lactococcus lactis 53 suspension. 

A

B



peutic agents, including the use of probiotics, has been revitalised again.12,17,18 Lactobacilli are

one of the most well known probiotic strains and play an important role in the maintenance

of a healthy intestinal and urogenital tract.21,22 Other strains known to have probiotic effects

are Lactococci, Enterococci, Bifidobacterium and Streptococci. Some strains, however, may

also have pathogenic trades and are therefore less suitable for clinical use. The mechanism by

which probiotic bacteria exert their beneficial effects is not entirely clarified yet. The Table

shows that some strains are able to release biosurfactants, while others are known to have

antimycotic effects and produce lactic acid or hydrogen peroxide. Also, competitive adhe-

sion,20,23-25 activation of the immune system,19 and nutrient competition26 have been suggested

as mechanisms by which probiotic bacteria exert their beneficial effects. 

The neopharynx in laryngectomized patients has major anatomical differences as com-

pared with a healthy pharynx, including reduced salivary flow rates as a result of post-

operative radiation therapy, and the presence of a foreign body, the voice prosthesis. Such

changes in ecosystem are known to affect the microflora, causing a shift towards a more

fungal-rich flora, as in denture wearers.27 We found that yeast prevalence in voice prosthetic

biofilms can be affected by introduction of probiotic bacteria in the ecosystem through the

consumption of L. lactis 53 when the foreign body is the Groningen prosthesis, whereas

introduction of S. thermophilus B has the greatest beneficial influence on yeast prevalence in

biofilms on Provox II prostheses. Possibly, the specific geometry of the different prostheses

influences which probiotic strain most successfully competes with the yeasts. Assuming

yeast prevalence is associated with failure of the prosthesis, increases in prothesis lifetime are

to be expected from consumption of these probiotic strains, in line with the anecdotes circu-

lating in patient populations. 

Parker et al,28 however, have suggested that besides yeasts, bacteria play an important role

in prosthesis failure; streptococci have been associated with valve leakage, while enterococ-

ci have been held responsible for increased airflow resistance. Despite the effects of the pro-

biotic bacteria on yeast prevalence in the biofilms, the probiotic strains apparently have a low

tendency to colonize the voice prostheses themselves (see Figure 1), as general bacterial

prevalence in the voice prosthetic biofilms had been reduced. This finding points to indirect

interference mechanisms on the part of the probiotic bacteria, such as lactic acid and hydro-

gen peroxide production or the release of biosurfactants.    

To summarize, it has been demonstrated that probiotic bacteria reduce biofilm formation

on voice prostheses. Increased prosthesis lifetimes can be expected from carefully designed

food supplements containing these bacteria. The bacteria can be administered in different

forms, such as freeze-dried in sachets or in a dairy product.
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