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Abstract Quantitative levels of harmful oral microbes

present following complex surgical excisions of head and

neck cancer are important since wounds are often con-

taminated through direct connection to the oral cavity and

its flora. This possibility is especially important in irradi-

ated patients who have decreased protective salivary

function. In addition, high oral microbial levels increase

and intensify oral mucositis leading to significant morbid-

ity in patients treated with radiation therapy. One previ-

ously untested surgical teaching to decrease the bacterial

inoculum present in the oral cavity is to counsel patients

against consuming otherwise nutritious dairy products, as

they are thought to coat the oral cavity with rate-limiting

nutrients vital for bacterial growth. This risk may extend to

individuals with chronic laryngeal penetration or aspira-

tion, since salivary bacterial load might represent a lethal

threat in the presence of marginal pulmonary reserve. A

crossover study using six healthy adult volunteers and six

patients who had previously undergone radiation therapy to

an oropharyngeal primary site was performed. Saliva

samples were quantitatively cultured in both groups with

and without the consumption of dairy products at 1-h and

5-h intervals. Analysis of quantitative cultures demon-

strated that the consumption of dairy products had no

influence on bacterial levels present in previously radiated

subjects and nonirradiated controls. Additionally, the

consumption of dairy did not affect the composition of

microbes present. Due to the lack of changes in both

quantity and composition of oral bacteria seen in this study,

patients would not benefit from the avoidance of dairy

products.

Keywords Deglutition � Aspiration � Squamous cell

carcinoma � Oral mucositis � Surgical infection � Dairy �
Probiotic � Deglutition disorders

Introduction

Oral microbes act as a reservoir for infection in contami-

nated head and neck surgical wounds and may significantly

increase the incidence and severity of mucositis during

treatment with radiation therapy. Patients who have pre-

viously undergone treatment with radiation are at a greater

risk of infection due to decreased salivary function caused

by irreversible fibrosis in extraglandular blood vessels and

nervous structures [1, 2]. In patients receiving radiation

therapy, oral mucositis can be exacerbated by gram-nega-

tive organisms and yeast colonizing damaged mucosal

surfaces leading to ulceration [3, 4]. Stopping this chain of

events is important, as this condition causes some of the

greatest morbidity faced by head and neck cancer patients,

leading to treatment-limiting toxicity and decreased effi-

cacy. In an attempt to minimize the risk of surgical

infection, it is now standard practice for patients to have

preoperative dental care, optimization of nutritional status,

perioperative antibiotics, and meticulous oral hygiene

regimens often involving antibiotic rinses [5]. Although

further investigation is required, several studies have

shown that topical antimicrobial rinses decrease the

severity and incidence of oral mucositis [4, 6–12].
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It is thought that consumption of dairy may increase the

quantity of oral microbes by coating the oral cavity with

rate-limiting nutrients. The ability of dairy to stimulate the

growth of bacteria by providing appropriate amino acids,

sugars, and minerals has been known since the early

1900 s, leading to its use in bacterial culture media, which

continues today [13, 14]. Here, dairy supports a multitude

of bacteria, including Streptococcus, Staphylococcus, and

Escherichia species [14, 15]. Dental investigations

involving oral cavity flora have shown that milk is able to

increase Streptococcus mutans biomass on in vitro enamel

slabs [16]. There has been no research on the in vivo

effects of dairy on bacteria associated with surgical wounds

or on the bacterial load of aspirated oropharyngeal con-

taminants that could irreparably destroy alveolar pulmon-

ary function in the very patient who would benefit most

from the nourishing potential of dairy products.

Methods

IRB approval was obtained and six healthy subjects and six

subjects with a previous history of oropharyngeal squa-

mous cell carcinoma were enrolled in the study. All indi-

viduals who had a previous diagnosis of squamous cell

carcinoma had received more than 54 Gy of radiation to

the primary site. The average time from completion of

radiation treatment to the collection of the salivary sample

was 4 years 7 months. Control of any outside influence on

oral microbes was attempted by ensuring that no subject

had taken antibiotics during the month before the investi-

gation, no participant had undergone surgery in the previ-

ous 6 months, and all patients were between 50 and

65 years old. It was not possible to dictate the patients’

home medications, which could possibly influence salivary

function. Subjects followed an oral hygiene regimen

starting 1 week before the initial salivary samples were

taken. Participants were instructed to brush their teeth

morning and night with a nonantibiotic toothpaste for

2 min. Additionally, they were instructed to avoid the use

of antiseptic mouthwash.

After 1 week of the prescribed oral hygiene regimen,

patients awoke and ate a normal breakfast. They brushed

their teeth at 7:45 am. At 8:00 am, a saliva sample was

collected using the ESwab system (Copan Italia 480 CE),

where a nylon flocked swab was soaked in the subject’s

saliva and immediately submerged into 1 ml of Amies

liquid transport medium. Two more saliva samples were

collected in the same manner 1 and 5 h after the initial

sample was collected. Subjects were instructed to abstain

from eating after the initial salivary sample was collected

until the conclusion of sample collection that day. One

week later the subjects repeated the process; however, they

ate two cups of Haagen Daz vanilla ice cream (Nestlé

Dreyer’s Ice Cream Company, Oakland, CA, USA)

immediately after the first sample was collected.

Volumes of 10 ll from the ESwab transport medium

were inoculated and plated by the PREVI Isola system

(bioMérieux, Marcy l’Etoile, France) onto Columbia agar

with 5 % sheep blood, chocolate agar, MacConkey agar,

anaerobic blood agar, and Sabouraud dextrose agar (Re-

mel, Lenexa, KS, USA). Columbia blood, chocolate, and

MacConkey agar were incubated at 36 �C in 5 % CO2 for

48 h. Anaerobic blood agar was incubated for 48 h at

36 �C in a Bactron IV anaerobic chamber (Shel Lab,

Cornelius, OR, USA). Sabouraud dextrose agar was incu-

bated in an aerobic chamber at 30 �C for optimal yeast

growth. Colonies were counted and isolates were taken of

each unique morphological type and identified using the

Vitek MS (bioMérieux).

Statistical repeated-measurements analysis was per-

formed using the PROC MIXED procedure (SAS Institute,

Cary, NC, USA) to assess the change in species number

over time and the difference between groups and between

dairy statuses. Since the amount of organism was measured

as ordinal categories of \10,000, 10,000–50,000,

50,000–100,000, and[100,000 CFU/ml for each species, a

simple scale summarizing the amount of all detectable

organisms was not available. Therefore, the generalized

estimating equation (GEE) approach was used to model the

multinomial response in a repeated-measurement setting.

The interaction among groups, time, and dairy condition

were examined. Further analysis of simple effects was

performed to test the hypothesis of interest. The odds ratio

and 95 % confidence interval were reported. It contrasted

the likelihood of having higher-level CFU counts between

different time points, groups, and dairy statuses. The sig-

nificance level was set as \0.05, unless post hoc pairwise

comparison was performed. In that case, Bonferroni cor-

rection was applied. All the statistical analyses was per-

formed using SAS v9.2 software (SAS Institute, Cary, NC,

USA).

Table 1 Pathologic species present and by frequency observed

No. of species

found

Frequency

observed

% of contribution

by frequency

By gram stain

Gram(?) 31 430 73.6

Gram(-) 22 121 20.7

Fungus 4 33 5.7

By growth condition

Anaerobic 8 516 88.4

Aerobic 45 35 6.0
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Results

During the collection of all samples, 53 species of patho-

logical bacteria and 4 species of pathological fungi were

identified. Species were most likely to be gram positive by

stain and anaerobic by growth condition (Table 1). Only

two of six controls tested positive for fungus. In contrast,

all six previously radiated patients tested positive for

fungus.

When analyzing quantitative bacterial level changes,

several results were found. No difference was seen in

quantitative bacterial levels in previously irradiated sub-

jects when they ate dairy compared to when they did not

eat dairy (time by dairy interaction, p = 0.19; initial, OR

1.31, 95 % CI 0.33–5.19, p = 0.70; at 1 h, OR 0.89, 95 %

CI 0.32–2.47, p = 0.83; at 5 h, OR 0.57, 95 % CI

0.12–2.63, p = 0.47). No difference was seen in the

quantitative bacterial levels in nonirradiated control sub-

jects when they ate dairy compared to when they did not

eat dairy; however, nondairy-eating controls had increased

odds of having a lower initial level of bacteria (time by

dairy interaction, p \ 0.0001; initial, OR 0.29, 95 % CI

0.10–0.83, p = 0.02; at 1 h, OR 1.14, 95 % CI 0.53–2.42,

p = 0.74; at 5 h, OR 1.28, 95 % CI 0.40–4.12, p = 0.68).

No difference was seen when previously irradiated patients

were compared with nonirradiated patients with or without

the consumption of dairy (Fig. 1) (without dairy initial, OR

0.35, 95 % CI 0.11–1.09, p = 0.07; at 1 h, OR 1.09, 95 %

CI 0.41–2.93, p = 0.86; at 5 h, OR 1.19, 95 % CI

0.26–5.41, p = 0.82) (with dairy initial, OR 1.58, 95 % CI

0.41–6.05, p = 0.5; at 1 h, OR 0.86, 95 % CI 0.39–1.90,

p = 0.71; at 5 h, OR 0.87, 95 % CI 0.26–2.90, p = 0.82).

Only nonirradiated patients who had not consumed dairy

showed increased odds of higher bacterial levels from the

initial sample to hour 1 and from initial sample to hour 5

(at 1 h, OR 3.12, 95 % CI 2.26–4.31, p \ 0.0001; at 5 h,

OR 2.20, 95 % CI 1.42–3.40, p = 0.0004).

Further analysis of the composition of species present in

experimental groups yielded several results. There was no

difference in the number of species present between pre-

viously irradiated subjects and nonirradiated subjects

(p = 0.48). However, the change in the amount of bacteria

species present between those who did not eat dairy in both

irradiated and nonirradiated groups and those who ate dairy

was significant (time by dairy interaction: p = 0.02). In

those who did not eat dairy the average number of species

decreased 1.3 ± 0.4 (LS Mean ± SE) in the first hour of

testing (p = 0.006) (Fig. 2). There was no significant dif-

ference in the mean number of anaerobic versus aerobic

bacteria or gram-positive versus gram-negative bacteria in

radiated and nonirradiated subjects with and without dairy

consumption (p = 0.31, p = 0.96, p = 0.12, p = 1.00,

respectively).

The low level of fungal prevalence precluded its ana-

lysis in this study.

Fig. 1 Quantitative change in bacterial levels with and without the consumption of dairy. HN, head and neck group with a history of previous

radiation exposure; control, control group that lacks a history of previous radiation

Fig. 2 Change in the number of pathological bacterial species

present with and without the consumption of dairy. HN, head and

neck group with a history of previous radiation exposure; control,

control group that lacks a history of previous radiation
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Discussion

The human oral microbiome is immense in nature, with

over 1,000 bacterial species previously identified [17]. Of

these, only half can be found through traditional culture

techniques. Although a great majority of oral microbes are

not pathological, others have been linked to disease pro-

cesses and infections. During this study, a wide range of

pathological bacteria, consisting of 53 separate species,

was found to be present in both irradiated and nonirradiated

patients. A majority were gram positive and anaerobic in

nature (Table 1). The results of our study showed no

change in the quantitative levels of bacteria in both irra-

diated and nonirradiated patients after they ate dairy

compared to when they did not eat dairy products. These

results suggest that the primary factors for nutrition needed

for bacterial growth come from glycoproteins previously

present in the mouth and not oral intake. It also raises the

question of what role casein plays in affecting bacterial

growth. Casein is a protein found in many dairy products

and has been shown to inhibit the adherence of bacteria

when incorporated into the salivary pellicle lining the oral

cavity [18, 19]. The lack of difference between irradiated

and nonirradiated patients may be secondary to the similar

ages of both groups. Our healthy controls were of an

advanced age and may have lacked some salivary function,

making the difference between them and previously irra-

diated subjects statistically negligible.

The consumption of dairy had no effect on the amount

of bacterial species present or the composition of bacteria

represented by gram stain and oxygen growth require-

ments, although patients who did not consume dairy had an

initial decrease in the average number of species present

after 1 h. It is possible that dairy consumption supported

initial diversity within the microbiome, disallowing single

colony expansion at the expense of other bacterial species.

Importantly, by 5 h there was no significant difference

between groups in the number of bacterial species present.

Interestingly, and in support of our data, a previous study

of 120 individuals from 12 locations around the world

found no differences in salivary microbiota despite the

different diets [20]. The results of this previous geo-

graphically diverse study and our results suggest that

microbial composition is not strongly influenced by diet.

Instead, host species may be the most important influence

on the type of bacteria present.

We believe that there was the appropriate time between

sample collections to assure that any bacterial trends that

would arise due to the consumption of dairy were wit-

nessed. In vitro and in vivo studies of oral organisms show

that bacterial cell division occurs approximately every

1–2 h. An exponential phase of accumulation of bacteria is

seen within the first 4 h, followed by a plateau in bacterial

growth between 6 and 24 h [21–24]. Studies that evaluated

quantitative bacteria counts after noncontinuous interven-

tion have demonstrated that bacteria decreases, with

regrowth taking place within 4 h [25]. Our study included

time points up to 5 h from intervention, assuring adequate

time for bacterial growth.

Two of six controls tested positive for fungus, whereas

all six previously irradiated patients tested positive. Can-

dida species are asymptomatically carried in *50 % of all

individuals, with higher levels found in patients who have

poor salivary flow rates, including those with Sjögren’s

syndrome or individuals with previous exposure to radia-

tion [17, 26]. This is thought to be partly caused by

decreased pH levels seen in low salivary flow conditions.

Further studies on the effects of diet on oral microbes

should address the role of probiotics. The data for their use

in the oral cavity is limited, but their use is growing in

popularity due low cost and low side effect profiles. Cur-

rent research is focused on the efforts of dentists to

decrease harmful bacteria that causes caries and peri-

odontal disease [27, 28]. Probiotics do not influence bac-

terial growth through direct nutritional intake of a product

containing them. Instead, their presence inhibits pathogens

through the phenomenon of colonization resistance [29].

Few binding sites are available for pathogenic bacteria due

to the presence of nonpathogenic species. In addition,

probiotic bacteria modulate oral mucosal immunity,

change oral pH levels, and produce bacteriocin inhibiting

the growth of other bacteria [30, 31]. Studies involving

dairy, yogurt, ice cream, and cheese containing specific

probiotic bacteria have shown that the bacteria have the

ability to reduce levels of Streptococcus mutans and Can-

dida albicans [32–35]. No studies have investigated the

effect of probiotics on bacteria linked to surgical infections

and mucositis. Our study addresses the consumption of

dairy although no probiotic bacteria were present.

Conclusion

Due to the lack of quantitative changes in bacterial levels

and composition seen in this study, patients would not

benefit from the avoidance of dairy products in an effort to

decrease inoculum present in surgical wounds or in the

salivary inoculum of laryngeal aspirates.
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