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Summary
Background Head and neck cancer (HNC) surgery remains an important component of management but is associ- eBioMedicine 2022;81:
ated with a high rate of surgical site infection (SSI). We aimed to assess the safety and efficacy of a topical mucosal 104099

antiseptic bundle in preventing SSI and evaluate microbial predictors of infection through a genomic sequencing ~PuPlished onlinexoc
approach https://doi.org/10.1016/j.

ebiom.2022.104099

Methods This study was an open-label, single-arm, single-center, phase 2 trial of a topical mucosal antiseptic bundle
in patients with HNC undergoing aerodigestive tract resection and reconstruction. Patients underwent topical prepa-
ration of the oral mucosa with povidone-iodine (PI) and chlorhexidine gluconate (CHG) pre- and intra-operatively
followed by oral tetracycline ointment every 6 hours for 2 days post-operatively. The primary outcome was change in
bacterial bioburden at the oral surgical site. Secondary outcomes included safety, SSI, and microbial predictors of
infection.

Findings Of 27 patients screened between January 8, 2021, and May 14, 2021, 26 were enrolled and 25 completed
the study. There were no antiseptic-related adverse events. The topical mucosal antiseptic bundle significantly
decreased oral bacterial colony-forming units from pre-operative levels (log,, mean difference 4-03, 95%CI
3-13—4-;92). There were three SSI (12%) within 30 days. In correlative genomic studies, a distinct set of amplicon
sequence variants in the post-operative microbiome was associated with SSI. Further, despite no instance of post-
operative orocervical fistula, metagenomic sequence mapping revealed the oral cavity as the origin of the infectious
organism in two of the three SSI.

Interpretation The bacterial strains which subsequently caused SSI were frequently identified in the pre-operative
oral cavity. Accordingly, a topical antiseptic bundle decreased oral bacterial bioburden throughout the peri-operative
period and was associated with a low rate of SSI, supporting further study of topical antisepsis in HNC surgery.
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Research in context

Evidence before this study

We searched PubMed and abstracts from oncology and
surgical meetings for studies relevant to topical antisep-
sis and surgical site infection in head and neck cancer
surgery. Search terms including “surgical site infection”,
“head and neck cancer surgery”, “head and neck onco-
logic surgery”, “oral cancer”, “oropharynx cancer”,

"o " u.

“larynx cancer”, “hypopharynx cancer”, “flap reconstruc-
tion”, “orocervical fistula”, “pharyngocutaneous fistula”,
and associated permutations, and relevant articles up
until October 20, 2020, were identified. At the time of
study design, despite persistent infection rates of 20%
or more in multi-institutional reports, administration of
intravenous antibiotics for 24 hours post-operatively
was the only standard prophylactic regimen to prevent
surgical site infection after head and neck oncologic
surgery. Several studies had suggested a possible bene-
fit of oral mucosal topical antibiotic or antiseptic agents
but the effects on the oral microbiota at the surgical
site remained unknown. Further, surgical site infections
after head and neck oncologic surgery were commonly
caused by pathogenic organisms. Whether these bacte-
ria were present pre-operatively, introduced intra-oper-
atively, or were a post-operative contaminant was also
uncertain. To address these gaps in knowledge, this
study was designed to evaluate the safety of a topical
antiseptic bundle in head and neck oncologic surgery,
determine its effects on the surgical site microbiome,
and use genomic and metagenomic sequencing to
source-track the infectious organism in patients who
developed surgical site infection.

Added value of this study

This study confirmed the safety of a topical antiseptic
bundle in head and neck oncologic surgery, showed a
significant associated decrease in oral bacterial biobur-
den at the surgical site in response to pre- and intra-
operative therapy, and demonstrated no increase in re-
colonization by pathogenic organisms or adverse
effects on the oral microbiome. Further, use of oral topi-
cal antisepsis was associated with a low rate of infection
in comparison to the available literature. This study also
demonstrated that bacteria causing surgical site infec-
tions are commonly pre-existing in the oral cavity, even
in the absence of a post-operative orocervical fistula.
Finally, this trial established the validity of source-track-
ing infectious organisms to their peri-operative origin
after oncologic surgery through a genomic and metage-
nomic sequencing approach.

Copyright © 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Surgical site infection; Topical antisepsis; Head and neck cancer surgery

Implications of all the available evidence

Overall, safety and efficacy data from this study support
a favorable risk-benefit profile for the use of topical anti-
sepsis in head and neck oncologic surgery. Whether
topical antisepsis can replace intravenous antibiotic use
remains uncertain and merits evaluation in a random-
ized controlled trial.

Introduction

Head and neck cancers (HNC), including tumors of the
oral cavity, pharynx, and larynx, remain an important
source of cancer-related mortality worldwide, with an
estimated 66,000 cases and over 14,000 associated
deaths in the United States in 2021 alone." HNC sur-
gery requiring vascularized reconstruction continues to
be a central component of management for select pri-
mary and recurrent tumors. However, a main source of
peri-operative morbidity after HNC surgery is surgical
site infection (SSI), which has been consistently
reported in over 20% of cases.”* Post-operative SSI
leads to substantial physical, psychosocial, and financial
burdens on patients, providers, and hospital systems.’
Importantly, SSI may also lead to delays in necessary
post-operative radiation, which can result in an
increased risk of cancer recurrence and decreased over-
all survival.®®

While several clinical risk factors for SSI have been
identified, many are largely immutable including extent
of cancer resection, prior radiotherapy, age, and comor-
bidity.° For these reasons, interventional efforts to
decrease SSI for HNC have primarily investigated the
choice or duration of intravenous antibiotic therapy.’
Intravenous prophylactic antibiotics are well known to
decrease the incidence of SSI in HNC, with infection
rates over 70% in early placebo-controlled trials.'*"#
Despite the substantial benefit of short-term therapy,
however, delivering intravenous antibiotics for more
than 24 hours post-operatively has not been shown to
improve SSI rates, which have seen little change over
the past four decades of study.’

In HNC surgery, there are multiple opportunities for
bacterial contamination of the surgical field leading to
SSI. For cancer resection, incisions are required in both
the pharyngeal mucosa and cervical skin with intraoper-
ative connections between the aerodigestive tract and
the neck soft tissues. These wounds must then be
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repaired with vascularized skin flap reconstructions
taken from elsewhere on the body. While common
upper aerodigestive tract microbiota can cause SSI,
infections are often due to pathogens not typically found
among commensal oronasal or skin bacteria, including
Methicillin-resistant Staphylococcus aureus, Pseudomo-
nas, Enterobacter, and Enterococcus spp.*>"7 It remains
unclear whether these bacteria are present pre-opera-
tively in upper aerodigestive tract environment or are
introduced peri-operatively from another source.

However, the clear benefit of intravenous antibiotics
in the immediate peri-operative period but not beyond
24 hours suggests that the target organisms leading to
infection are present at the surgical site in the early
peri-operative period. Therefore, considering the high
baseline microbial bioburden of the oral cavity and its
proximity to the operative field in HNC surgery, we
hypothesized that oral contamination is the primary
mechanism leading to SSI and that the oral microbiome
may play a role in susceptibility to infection. To test this
hypothesis, this trial evaluates the impact of peri-opera-
tive topical mucosal decontamination on the oral micro-
bial bioburden and oral microbiome composition at the
surgical site throughout the peri-operative period and to
evaluate its effects on SSI. Further, to more precisely deter-
mine the source of infection, whole genome sequencing
was performed of the organisms isolated from SSI puru-
lence with subsequent mapping of these sequences back
on to the metagenomic microbial communities of the pre-
operative and post-operative oral cavity.

Methods

Study design and participants

This study was an open-label, single-arm, single-center
interventional Phase 2 trial assessing the safety and
antibacterial efficacy of a topical mucosal antiseptic bun-
dle in HNC patients undergoing open aerodigestive
tract resection. Patients were eligible for enrollment if
they were 18 years or older undergoing an open surgical
procedure requiring a communication between the
upper aerodigestive tract and cervical skin repaired with
a vascularized flap reconstruction, which could be either
a regional pedicled and/or free flap. Patients were
excluded if they had an allergy to study medications or
had an active infection at the time of surgery.

Ethics

The study was done in accordance with the Declaration
of Helsinki and the International Conference on Har-
monisation Good Clinical Practice guidelines and was
approved by the relevant Medical College of Wisconsin
Scientific Review and Institutional Review Board com-
mittees (NCTo47216206). All patients provided written
informed consent before study entry.
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Topical mucosal antiseptic bundle and clinical
procedures

Enrolled patients received a topical mucosal antiseptic
bundle consisting of pre-operative, intra-operative, and
post-operative agents (Table 1). The topical antiseptic
bundle included three agents — povidone-iodine (PI),
chlorhexidine gluconate (CHG), and tetracycline —
based on survey results of current surgical practice
across the United States, evidence from related surgical
subspecialities, and existing data in HNC surgery.'®>3
For all cases, the pre-operative topical antiseptics were
applied to the entire upper aerodigestive tract including
the oral cavity and pharynx. Further, intra-operative irri-
gations covered all exposed oral and pharyngeal
mucosa. Intravenous antibiotic therapy was given to all
patients prior to surgery with standard intra-operative
redosing and for 24 hours post-operatively, in accor-
dance with national and institutional guidelines.**
Ampicillin/sulbactam was the preferred intravenous
agent as per institutional standard of care. Pre-operative
skin preparation was performed in accordance with
CDC guidelines.**

Microbial specimen collection

Microbial sample collection procedure

Fresh samples were taken for quantitative and qualita-
tive microbiology as well as bacterial genomic assess-
ments. The following sites and time-points were
selected to represent a comprehensive investigation of
the peri-operative microbial environment:

1. Pre-operatively (under anesthesia prior to topical
therapies)

. Oral cavity

. Nasal cavity

. Intra-operatively (after tumor resection)

. Oral cavity before antiseptic wound irrigation

. Oral cavity after antiseptic irrigation

. Surgical drapes adjacent to the operative field

. Post-operatively (day 3-5 after surgery)

. Oral cavity

. From patient’s hospital room environment in the
follow areas: door handle, overbed table, suction
tubing.
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Swabs were de-identified prior to transfer to labo-
ratory staff who were blinded to patient identifica-
tion. To maintain consistency between patients and
collection time-points, all specimens were collected
by the same study author (JZ), based on established
methodology.”> For sampling methodology and swab
processing for genomic and microbiologic analyses,
see Supplement.
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Topical antiseptic Administration Timing

Administration Location

Administration Details

5% Pl + 0.12% CHG Pre-operatively under anesthesia Oral cavity

prior to incision

10% Pl + 0.12%

CHG tumor resection but before

Intra-operative irrigation after

reconstruction

3% Tetracycline Immediately post-operative and Oral cavity

ointment then every 6 hours for 2 days

Oral cavity and associated

wound bed

Any present teeth were brushed and topical agents were
applied and left undisturbed for at least 3 minutes prior
to incision*

The wound (including oral cavity, exposed aerodigestive

tract, and neck wound) was irrigated for 60 seconds

10g ointment placed on oral cavity suture lines. If no suture

lines visible, oral cavity coated with ointment.

Table 1: Interventional topical antiseptic regimen.

* For edentulous patients, the gumline was brushed in an otherwise identical manner to patients with dentition.

Outcomes

The primary endpoint was the quantitative change in
abundance of bacterial bioburden in the oral cavity in
response to the topical antiseptic therapies. Secondary
endpoints included SSI, adverse events (AEs, NCI
CTCAE vs5.0) due to the topical antiseptic intervention,
features in the oral microbiome associated with SSI (for
definition, see Supplement), and genomic mapping to
identify the site of origin of the infectious organism.

Statistical analysis

Quantitative microbiologic culture. With anticipated
enrollment of 25 patients, the detectable effect size
(group mean difference) with 80% power using a paired
t-test with a significance level of 5% is 0-6 times the
standard deviation of the group difference of bacterial
abundance. A paired-samples t-test was conducted to
compare bacterial loads at pre-operative, intra-operative,
and post-operative time-points. In this analysis, the
intra-operative and post-operative time-points were
compared separately to the pre-operative values. All
paired-samples analyses were done on the log,, scale
and used a 5% level of statistical significance. Prior to
conducting the analysis, the assumption of normally
distributed difference of log bacterial load was con-
firmed using the skew and kurtosis levels as well as
quantile-quantile plots.

Genomic and metagenomic analyses. 16S rDNA analy-
sis was used to evaluate the composition of the oral
microbiome at multiple peri-operative time-points and
to determine if features of the oral microbiome were
associated with SSI. Whole genome sequencing (WGS)
was performed on Dbacteria isolated from culture of
purulence expressed from the SSI. In the patients who
developed SSI, metagenomic sequencing was then pet-
formed on the bacterial communities isolated from
peri-operative swabs. Additionally, any pathogenic bac-
teria that were cultured from the peri-operative

microbiologic samples with a species-level match to the
SSI organism also underwent WGS. To identify the
peri-operative origin of the organism which led to SSI,
its genomic sequence was mapped back on to the WGS
or metagenomic data from the peri-operative environ-
ment. In the case where multiple WGS samples were
obtained from the same bacterial species in the same
patient, a pangenome analysis was performed to deter-
mine if differences existed between these strains. For
bioinformatics analyses, see Supplement.

Role of the funding source. The study sponsor had no
role in study design, in collection, analysis, and interpre-
tation of data, in the writing of the report, or in the deci-
sion to submit the paper for publication.

Results

Clinical outcomes

Twenty-seven patients were screened between January
8, 2021, and May 14, 2021. Twenty-six were enrolled
and 25 completed the study (Figure 1). Patients were fol-
lowed for 30 days post-operatively for the development
of SSI. There were no antiseptic-related AEs. All
patients received prophylactic intravenous ampillicin/
sulbactam for 24 hours. All patients underwent post-
operative tube feeding and remained NPO for at least
7 days. Baseline characteristics are shown in Supple-
mentary Table 1. There were three cases of SSI (12%),
all of which occurred as a purulent infection which
spontaneously drained through the cervical incision.
SSI was identified at a median of 18 days post-opera-
tively (range 15-25 days). There were no orocervical or
pharyngocervical fistulae and all patients who developed
SSI had passed a videofluoroscopic swallow study. Base-
line and treatment characteristics of the study popula-
tion are shown in Supplementary Table 1.

Microbiologic and genomic correlates
Swabs from all seven peri-operative sites and time-
points for all 25 included study patients (see above,
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27 patients screened for eligibility: HNC patient planned to undergo an upper aerodigestive tract
surgical resection with a vascularized reconstruction

—>

1 patient excluded
¢ lodine allergy

\4

26 patients enrolled

—

1 patient excluded
Planned surgery for to infectious etiology not HNC

v

25 patients received the topical antiseptic regimen,
completed the study, and were eligible for analysis

l

3 (12%) surgical site infections

No drug-related adverse events

Figure 1. Study profile.

Microbial sample collection procedure) along with swabs of
purulent fluid sampled from each of the three SSI
underwent qualitative and quantitative microbiologic
culture and DNA extraction.

Microbiologic culture analysis

Incidence of pathogenic bacteria found in the pre-
operative oral cavity. The pre-operative oral cavity was
found to harbor pathogenic organisms in five patients
(20%) including Serratia marcenses, Proteus mirabilis,
Pseudomonas aeruginosa, Klebsiella variicola, and Klebsi-
ella oxytoca. Of these patients, the pathogen persisted in
the post-operative oral culture in two cases (S. marcenses
and P. aeruginosa). Of these patients, only one (P. aerugi-
nosa) went on to experience an SSI which grew that
same pathogen.

Overall effects of the topical antiseptic bundle on
decontamination of the oral cavity surgical site. The
topical antiseptic bundle significantly decreased oral
bacterial colony-forming units (CFU) overall from pre-
operative baseline to post-operative sampling (log,,
mean difference 4-03, 95%CI 3-13—4-92, Table 2). This
difference in oral bacterial bioburden in response to top-
ical antiseptic therapy (74.1 times the standard deviation
of the group difference) exceeded the targeted change in
the primary endpoint (0.6 times the standard deviation
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of the group difference). Pre-operative and intra-opera-
tive topical mucosal antisepsis both exhibited a signifi-
cant decrease in CFU counts, while the post-operative
topical antiseptic regimen alone did not demonstrate a
significant independent effect.

SSI and the microbiology of infection. The three cases
of SSI among study patients grew Staphylococcus epider-
mis, Eikenella sp, and P. aeruginosa, respectively. When
culture results from all sites and time-points were evalu-
ated, the same bacterial species which caused SSI was
identified in a peri-operative culture for only one patient
(P. aeruginosa, found in the pre-operative and post-oper-
ative oral cavity, Table 3). In the other two cases of SSI,
the bacterial species causing infection was not found in
any peri-operative microbiologic culture.

Genomic and metagenomic correlates. While DNA
extraction was performed for all 178 unique samples col-
lected in this study, due to low recovery of bacterial geno-
mic material from several sites (intra-operative oral cavity,
surgical drapes, post-operative hospital environment), only
the nasal cavity and the pre-operative and post-operative
oral swabs subsequently underwent DNA sequencing.

16S sequencing: effects of topical antisepsis on the oral
microbiome and association with SSI. 16S rDNA
sequencing was performed in all study patients on pre-
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Intervention assessed Oral microbial samples compared N Logqo mean 95% confidence interval P-value
difference

Pre-operative decolonization (PI/CHG) Pre-operative prior to decolonization 25 1.5755 1.1563 1.9948 <.0001
'
Intra-operative prior to antiseptic irrigation

Intra-op antiseptic irrigation (PI/CHG) Intra-operative before antiseptic irrigation 25 2.3798 1.6823 3.0773 <.0001
vs
Intra-operative after antiseptic irrigation

Post-op topical antisepsis (tetracycline) Intra-operative after antiseptic irrigation 25 0.0729 -0.8848 1.0305 0.8765
Vs
Post-operative after topical antisepsis

Overall topical antiseptic bundle Pre-operative prior to decolonization 25 4.0282 3.1344 4.9219 <.0001
Vs
Post-operative after topical antisepsis

Table 2: Change in oral bacterial bioburden in response to topical mucosal antisepsis.

operative and post-operative oral swabs to evaluate the
impact of topical mucosal antisepsis on the oral micro-
biome and its association with SSI. Measures of alpha-
and beta-diversity demonstrated a significant increase
in the microbial diversity in the post-operative period,
suggesting oral re-colonization with diverse bacteria
after surgery (Figure 2). To determine specific changes
in microbial taxa, linear discriminant analysis effect
size (LEfSe) was performed.*® Several orders of patho-
genic bacteria were identified which were significantly
enriched in the oral cavity in the pre-operative or
intra-operative periods, including Pseudomonales and
Enterobacterales, which were subsequently less preva-
lent in the post-operative samples (Supplementary
Figure 2). Specific features of the pre-operative and
post-operative oral microbiomes were then assessed
for association with SSI. While features of the pre-
operative microbiome were not found to significantly
predict SSI, a unique set of 21 amplicon sequence
variants from the post-operative microbiome were
significantly associated with SSI (model accuracy
0-8, AUC o-75, Supplementary Figure 3). In particu-
lar, the combined presence of two organisms, Actino-
myces sp and Pseudomonas formosensis, in the post-
operative microbiome represented the most impor-
tant identified predictors of SSI.

Genomic and metagenomic sequencing: source-track-
ing of the infectious organisms. In cases of SSI, we
attempted genomic mapping of the infectious organism
to identify where in the peri-operative environment that
strain may have originated. To achieve this, the bacterial
strain which was isolated from the purulence of the SSI
was sub-cultured from glycerol stock and underwent
WGS. WGS was successful in two of the three cases of
SSI. In one case (S. epidermidis) the organism could not
be re-cultured from glycerol stock and, therefore, could

not undergo WGS and further analysis. Next, genome
sequencing was performed on previously extracted and
preserved bacterial DNA from the nasal and oral swabs
for each patient. Of the two cases with available WGS
for the infectious organism, one (Eikenella sp) under-
went metagenomic sequencing of the peri-operative
nasal and oral samples. In the second case, the same
species (P. aeruginosa) was cultured from the SSI and
both the pre-operative and post-operative oral swabs
and, therefore, these samples were sub-cultured from
glycerol stock and underwent WGS for comparison to
the infectious organism via pangenome analysis.

Sequencing mapping and pangenome analyses
revealed the oral cavity as the origin of the infectious
organism in the two analyzable cases. In the case of SSI
with Eikenella sp, despite not being identified by micro-
biologic culture in the peri-operative environment, the
WGS mapped specifically to the pre-operative oral
microbiome and was not found in the nasal cavity or
post-operative oral microbiome (Figure 2). In the case
of SSI with P. aeruginosa, pangenome analysis of the
WGS revealed all samples had identical genome
sequences apart from three singletons lost from the
infectious organism and post-operative isolate. While
PSI-BLAST search revealed that the function of these
genes is unknown, there was an associated increased
resistance to tetracycline identified in P. aeruginosa
from the post-operative oral sample and SSI, as com-
pared with the pre-operative isolate.

Discussion

Upfront surgery remains an essential component in the
management of HNC. For many patients with advanced
oral cavity or laryngeal/hypopharyngeal cancers, open
resection with vascularized flap reconstruction contin-
ues to maximize oncologic control. Further, with the
increasing use of non-surgical therapies for organ
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bactam resistant

resistant

® Tetracycline

 Tetracycline

® Tetracycline sensitive

resistant

resistant

Table 3: SSI microbiology and whether the same organisms were identified in peri-operative microbiologic culture.

*  Eikenella sp not identified.
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preservation for other head and neck disease stages and
subsites, greater numbers of patients with locoregional
cancer recurrence or intractable complications related
to radiotherapy will similarly require open upper aerodi-
gestive tract resection and reconstruction for oncologic
or functional indications. All such cases come with a
significant risk of post-operative SSI, which results in
immense physical and financial strain on patients, pro-
viders, and hospital systems.>*”

Despite more than four decades of extensive study
on risk factors for SSI and the optimization of prophy-
lactic intravenous antibiotic regimens, there has been
little change in infection rates after HNC surgery.’
Although numerous clinical risk factors have been iden-
tified, the microbial features associated with infection
remain poorly understood. However, a microbial
approach to understanding SSI after HNC surgery may
lead to advances beyond what has been accomplished
through study of clinical risk factors. In particular, this
prospective clinical trial illuminated three key avenues
through which a microbial approach may lead to
improvements in preventing SSI after HNC surgery: (1)
decreasing oral bacterial bioburden, (2) understanding
the impact of the oral microbiome on SSI, and (3)
source-tracking of the infectious organisms which lead
to SSI.

Decreasing oral bacterial bioburden. The results of this
trial demonstrated that oral mucosal topical antisepsis
significantly decreased bacterial bioburden at the oral
surgical site and is most effective in the pre-operative
and intra-operative settings. While certain opportunistic
pathogenic species did persist through treatment
(P. aeruginosa, S. marcenses), topical antiseptic therapy
significantly decreased overall oral CFU counts and
eradicated 60% of opportunistic pathogenic bacteria
identified in the pre-operative oral cavity. The overall
quantitative decrease in oral bacterial abundance in
response to topical antiseptic therapy exceeded our pre-
study targeted change. These findings are significant
because in HNC surgery the oral cavity becomes contin-
uous with the surgical wound and neck soft tissues after
tumor resection. While the threshold level required to
affect SSI rates remains uncertain, a significant
decrease in oral bacterial bioburden and pathogenic iso-
lates may lead to decreased wound contamination and
fewer SSI. Further, as demonstrated by genomic
source-tracking in this study, for many cases of SSI the
causative organism is present in the oral cavity pre-oper-
atively and leads to infection despite no clinically appar-
ent post-operative orocervical fistula. This finding
suggests that pathogen eradication through topical
mucosal therapies may translate to fewer clinical SSI. A
final important consideration in the use of topical anti-
sepsis to decease wound bioburden is the impact of
non-oral aerodigestive tract surgical sites (pharynx and
larynx). In these cases, although the oral cavity may not
be directly violated, the adjacent pharyngeal mucosa
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Figure 2. Genomic mapping of the whole genomic sequence of the Eikenella sp which caused surgical site infection on to the meta-
genome of the pre-operative nasal cavity, pre-operative oral cavity, and post-operative oral cavity. The genome of the infectious
organism closely aligns with an Eikenella sp organism identified in the pre-operative oral environment but is not found in the meta-
genome at the other sites. X-axis represents each gene in the Eikenella sp genome. Y-axis represents mean coverage for each gene.

and associated oral salivary flow becomes continuous
with the neck soft tissues. For this reason, our protocol
included pre-operative and intra-operative coverage of
the entire exposed upper aerodigestive with the topical
antiseptic agents for all cases. We hypothesize that,
given the continuity of the oral cavity and pharynx, the
microbial risk factors for SSI will be similar for oral and
non-oral surgical subsites.

Source-tracking of infectious organisms. Through a
novel application of a genomic approach to oncologic
surgery, this clinical trial has shed light on the peri-
operative origin of organisms that lead to SSI after
HNC surgery. In the two analyzable cases of SSI in this
trial, both were found to have originated from the pre-
operative oral cavity. Strikingly, SSI occurred with these
bacterial strains despite the absence of detectable levels
of these organisms intra-operatively after oral decon-
tamination and without the development of a clinically
apparent orocervical fistula. This finding most likely
suggests that minimal levels of these bacterial strains
persisted through topical oral decontamination, subse-
quently seeding the neck soft tissues either intra-opera-
tively or in the early post-operative period.

The impact of the oral microbiome. Despite a major
reduction in overall bacterial counts from pre-operative
levels, there appeared to be no clear adverse effect on
the microbiome reconstitution. The post-operative oral
microbiota demonstrated greater diversity than matched
pre-operative samples with fewer pathogenic bacterial
orders, including Pseudomonales and Enterobacterales.
However, despite this greater diversity and fewer overall
pathogenic organisms, several features of the post-oper-
ative microbiome were found to correlate with SSI.

Specifically, the combined presence of P. formosensis
and Actinomyces sp were identified as a significant risk
factor for SSI in two of the three cases. While little is
known about P. formosensis, the presence of Actinomyces
colonization has been associated with delayed oral
wound healing in previous reports.*® These findings
suggest the possibility that certain genera may create a
post-operative oral milieu conducive to infection.

In summary, this study provides preliminary evi-
dence that the pre-operative oral cavity commonly har-
bors the bacterial strains which will ultimately lead to
infection, that a topical oral antiseptic bundle may be
beneficial in limiting infection rates, and that the com-
position of the post-operative oral microbiome may play
a role in susceptibility to SSI after HNC surgery. The
primary limitations of this study relate to available sam-
ple size, low frequency of SSI resulting in only two ana-
lyzable cases for genomics, and a single-arm design.
Another important limitations was the inability to
recover sufficient bacterial genomic material from the
skin, surgical drapes, and hospital environment. These
sites have very low bacterial counts and may require
additional methodological optimization in future stud-
ies to achieve more reliable metagenomic yield. The
absence of these genomic data do limit the strength of
our conclusions about the origin of the bacterial organ-
isms that lead to infection. However, given that the pre-
operative oral cavity was identified as the most likely
source, any presence of the infectious organism at an
additional peri-operative site would most likely repre-
sent contamination from the oral cavity. Additionally,
this trial involved a specific antiseptic bundle which
may not be generalizable to other antiseptic regimens.
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Further, given the persistence of select pathogens
through treatment and the development of antibiotic-
resistance in one case, these results provide the basis to
refine the topical regimen to both better eradicate pre-
existing pathogens while also limiting the development
of drug resistance. Finally, this study also established
the feasibility of applying genomic methodology to
oncologic surgery for tracking bacterial strains which
cause SSI in the peri-operative period and could be
extrapolated to study the etiology of infection in other
surgical disease sites and specialties.
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